


Meg.m$.2/^J>^^ mvvin^o./ilX^

FROM THE



From the collection of the

n m
o
Prejinger
^ JUibrary

t P

San Francisco, California

2007









/
Supplement to Nature,

June 2, 1892

Nature
A WEEKLY

ILLUSTRATED JOURNAL OF SCIENCE

Public Library,

VOLUME XLV
NOVEMBER 1891 to APRIL 1892

.V

" To the solid ground

Of Nature trusts the nihid which builds for aye"—Wordsworth

MACMILLAN AND CO.

1892



Richard Clay and Sons, Limited

london and bungay
^

^.^£/. #/^

VSupplement to Nature^
L June 2, 1892



Supplement to Nature^
June 2, 1892 J

INDEX
Aalia Paakai, the Salt Lake of, A. B. Lyons, 29
Abbe (Prof. C), Cloud-Observations at Sea, 70
Aberrant Fossil Ungulates of South America, 608

Aberration, Lord Rayleigh, Sec. R.S., 499
Aberration Problems, Prof. O. Lodge, F.R.S., 549
Aberration, Theory of Astronomical, M. Mascart, 68

Abney (Capt), Colour Photometry', 213

Aborigines of the Dominion of Canada, Hon. E. Dewdney, 587
Abraham (R.), a Standard Condenser, 528
Accidents in Germany, Workmen Killed and Wounded in,

Vacher, 350
Acloque (A.), Les Champignons, 222

Acoustics : Refraction and Velocity of Sound in Porous Bodies,

156

Acquired Characters, Inheritance of, Alfred W. Bennett, 53

Acromegaly : the Skeleton of the Irish Giant Cornelius

Magrath, Dr. D. J. Cunningham, F.R.S., 147
Across Thibet, Gabriel Bonvalot, 269
Adami (J. G. ), Contributions to the Physiology and Pathology

of the Mammalian Heart, 451
Adams (Prof. John Couch) : Obituary Notice of, 301 ; the

Cambridge Philosophical Society and, 322 ; Proposed
National Monument to, 401

Addenbrooke (G. L. ), Aluminium and its Application to Photo-

graphy, 134
Adelsberg Cave, the, 207
Adhesion, the Limpet's Power of, Percy A. Aubin, 464
^olosoma, Formation of a Temporary Cyst in the Fresh-water

Annelid, Frank E. Beddard, 28
Aerial Locomotive Machines, Use of Chronophotography for

Study of, Marey, 71

Aerodynamics, Experiments in. Lord Rayleigh, F.R. S., io8

Africa : Projected Expedition by Dr. Oscar Baumann in East,

65 ; Equatorial, My Personal Experiences in, as Medical
Officer of the Emin Pasha Relief Expedition, Thos. Heazle

Parke, 265 ; Travels in Africa during the years 1879-83,
Dr. Wilhelm Junker, 507 ; My Second Journey through
Equatorial Africa, Hermann von Wissmann, 507 ; Two
African Explorers, 376 ; Captain Dundas's Expedition in

East, Mount Kenia, Ernest Gedge, 566 ; African Diamond
Industry, the South, at the Chicago Exhibition, 567

Agassiz (Prof, Alex.), Dredging Operations in the Eastern

Pacific, 281

Agriculture : Results of Experiments in, at Rothamsted, on the

Question of the Fixation of Free Nitrogen, Dr. J, H.
Gilbert, F.R. S., 32; Agricultural Department, Victoria,
Results of the Travelling Dairy, A. Crawford, 39 ; the

Weather Bureau of the United States, 86 ;
the Reclaiming

and Cultivation of Land in the Camargue, M. Chambrelent,
143 ; Principles of Agriculture, 173 ; the Value of Maize as

Food, 234 ;
Elements of Agriculture, Dr. W. Fream,

388 ; the Average Yield of Wheat in Ohio, 420 ; Proposed
Establishment of an Agricultural College in British Guiana,
520 ; Agricultural Needs of India, 588 ; Journal of the Royal
Agricultural Society, 568

Air Temperature, Sun-spots and, 271
Air and Water, Vivian 13. Lewes, 531
Airy (Sir George Biddell), Obituary Notice of, 232
Aitken (John, F.R.S.), on the Number of Dust Particles in the

Atmosphere of Various Places in Great Britain and on the

Continent, with Remarks on the Relation between the
Amount of Dust and Meteorological Phenomena, 299

Alaska, the Boundaries of; the Geographical Position of

Mount St. Elias, I. C. Russell, 472
Alder (H. St. A.), Scientific Nomenclature, 104

Algol, Dr. S. C. Chandler, 446
Alkali-maker's Hand-book, by George Lunge, Ph.D., and F.

Hurter, Ph.D., Prof. T. E. Thorpe, F.R.S., 121

Allbutt (Dr. T. C, F.R.S.), Appointment of, to be Regius Pro-
fessor of Physic in room of late Sir Geo. Paget, 402

Allison (Mrs.), the Similkameen Indians of British Columbia,
164

Alloys, Prof. W, C. Roberts-Austen, F.R.S., Report to the

Alloys Research Committee of the Institution of Mechanical

Engineers, 22
Aloi (Prof.), Influence of Electricity on Growth of Plants, 520
Alpine Rubi, T. D. A. Cockerell, 320
Alternate Currents of High Potential and Frequency, Lectures

on, Nikola Tesla, 345
Altitudes, Astronomical Possibilities at Considerable, Prof.

Pickering, 498
Alum Solution, T, C. Porter, 29
Aluminium : and its Application to Photography, G. L. Adden-

brooke, 134 ; the Manufacture and Use of, from an Engi-
neering Point of View, A. E. Hunt, 568

Amazons, Obituary Notice of Henry Walter Bates, F.R.S., the

Naturalist of the, 398
America : American Journal of Mathematics, 45 ; Spanish

Arrangements for the Celebration of the Quatercentenary of the

Discovery of America, 64, 567 ; American Meteorological

Journal, 70, 189, 357, 597 ; American Journal of Science,

118, 310, 445, 622; American Superiority in Mechanics,
Coleman Sellers, 157 ; the Utilization of the By-products of

the Coke Industry, Dr. B. Terne, 157 ; McKinley Tariff and
Scientific Instruments, 208

;
Fisheries of the Great American

Lakes, 259 ; Fishing through the Ice in the Great American

Lakes, 280 ; Remarkable Display of Aurora Borealis in, 378 ;

Kalm's Account of his Visit to England, on his way to, in

1748, 412 ; American Society for Prevention of Cruelty to

Animals, Report of, 496 ;
Influenza in, Prof. Edward S.

Holden, 582 ;
American Town Trees, J. Robinson, 603 ;

Forestry in, Prof. W, R. Fisher, 611
; Ancient Civilization

of Central, Alfred P. Maudslay, 617
Amorphous Boron, the Properties of, A. E. Tutton, 522
Amsterdam Royal Academy of Sciences, 48, 72, 240, 408, 576,
600

Anatomy, Comparative : the Cranial Nerves of Man and Sela-

chians, Prof. Cossar Ewart, 527
Anatomy of the Dog, 16

Ancient Civilization of Central America, Alfred P. Maudslay,
617

Ancient Monuments, Orientation of, Rev. Fred. F. Grensted,

464
Ancient Tombs and Burial Mounds of Japan, Prof. Hitchcock,

381
Andalusite at. Ariege, on the Relations existing between the Form
and Nature of the Beds of, M. A. Lacroix, 624

Andaman Islands, Disappearance of the Aborigines of the, 587
Anderson (Thos. D.), th6 New Star in Auriga, 365
Andes of the Equator, Travels among the Great, Edward

Whymper, Prof. T. G. Bonney, F.R.S., 561

Andoyer (M.), Orthochromatic Plates for Astronomical Photo-

graphy, 280
Andre (M.), the Spontaneous Oxidation of Humic Acid and

Vegetable Soil, 288
; the Manifestation of Negative Elec-

tricity during Fine Weather, 528
Anemometer Comparisons, W. H. Dines, 623
Anemometers, Two New Forms, in use at Kew Observatory,

587
Aneroid Barometer, How to Use the, Edward Whymper, 339

b



IV Index VSiipplement to Nature,
L June 2, 1892

Aneroid in Hypsometry, the, Herbert Tomlinson, F.R. S., 440
Aneurism, a Treatise on the Ligation of the Great Arteries

in continuity, with Observations on the Nature, Progress, and
Treatment of, Chas. A. Ballance and Walter Edmunds,
Dr. M. Armand Ruflfer, 530

Angot (A.), Instructions Meteorologiques, 196
Angot (M.), Temperature Observations in 1890 on Eiffel Tower,

J
234

Angstrom, the Chromosphere Line 6676 '9, Rev. A. L. Cortie,

103 ; Heat-Radiation of Gases under the Electric Discharge,
306

Animal Sketches, C. Lloyd Morgan, 291
Animals, a Remarkable Book on the Habits of, W. H.
Hudson, Dr. Alfred R. Wallace, 553

Annales of the University Observatory in Vienna, 138
Annelid ^olosoma, Formation of a Temporary Cyst in the

Fresh-water, Frank E. Beddard, 28
Annelids : Preliminary Notice of a New Branchiate Oligochaete,

Frank E. Beddard, 109
Anthrax, Animals rendered immune to, Dr. Th. Weyl, 312
Anthropogeographie, Friedrich Ratzel, 557
Anthropology : Anthropological Society, 71, 164, 431, 503,

551 ; the Mexican Atlatl, or Spear Thrower, 66, 103 ; the
Limits of Savage Religion, Dr. Tylor, 71 ; Strange Sym-
bolical Marriage Custom in India, Dr. Post, 135 ; the Simil-
kameen Indians of British Columbia, Mrs. Allison, 164; Nature
and Man in North America, Prof. N. S. Shaler, 220 ; Prof.

Putnam's Exhibit at Chicago Exhibition, 259 ; the Transfor-
mation of the Animal Skull into a Human Skull, P. Topinard,
260

; Discovery of Aboriginal Skulls in the Argentine, Seiior

Moreno, 278 ;
Rev. LorimerFison on Anthropological Study,

426 ; Anthropogenic, oder Entwickelungsgeschichte des

Menschen, Prof. Ernst Haeckel, 482 ; L'Anthropologie,
521 ; the Manchu Race, 523 ; the Ceremonial Circuit of the
Cardinal Points among the Tusayan Indians, J. W. Fewkes,
546 ; Finds at the Great Zimbabwe Ruins, Theodore Bent,

551 ; Population of the Five Continents, Emile Levasseur,
552 ; Mission Scientifique de Cap Horn, J. Deniker and P.

Hyades, 577 ; the Botocudos of Brazil, 615
Anti-Taurus, the Eastern Taurus and the, D. G. Hogarth, 138
Antipodes, Oysters at the, 43
Antoine (Ch.), the Characteristic Equation of Water-vapour,

336
Antwerp, proposed International Economic Congress at, 586
Apertures, the Law of Limiting, Dr. E. J. Spitta, 186

Aphanapteryx in the New Zealand Region, Prof. Henry O.
Forbes, 580

Apteryx, Additional Observations on Development of, T. J. Par-

ker, F.R.S., 311
Arabian Sea : Cyclones in the, 276 ; Cyclone Memoirs of the,
W. L. Dallas, 135

Archaeology : Excavation of the Prehistoric Mounds in Ohio,
20 ; the Chronology of the Neolithic Age in Scandinavia, and
the Bronze Age in the East and Southern Europe, Prof. Monte-
lius, 39 ; Dr. Ermling on the Nurhagi of Sardinia, 1 14 ;

the late Dr. Reinholm on Finnish Archaeology, 496
Architects, Institution of Naval, 570
Architecture, Naval : the Steadying of Vessels at Sea, J, I.

Thornycroft, 570 ;
the Influence of Shallow Water upon the

Trial Trip Speeds of Modern Vessels, W. H. White, F.R.S.,
571 ; on Balancing Marine Engines and the Vibration of

Vessels, A. F. Yarrow, 571
Arctic Plants, Fresh Evidence concerning the Distribution of,

during the Glacial Epoch, Dr. A. G. Nathorst, 273
Arendt

(
Dr. ), Relationship of Atmospheric Electrical Phenomena

to Terrestrial Magnetism, 432
Argentine, Discovery of Aboriginal Skulls in the, Seiior

Moreno, 278
Arithmetic, Chemical, Problems in, E. J. Cox, 293
Arithmetic, Mental, Clive Cuthbertson, 78 ; Dr. K. Haas, 198
Arithmetic for Schools, Chas. Smith, 247
Arithmetical Exercises in Chemistry, Leonard Dobbin, 76
Arizona, the Prehistoric Irrigation Canals of, 185 ; the Native

Iron of Caiion Diablo, M. Mallard, 575
Armstrong (H. E., F.R.S.) : Sulphochloride of Isomeric

Dibromonaphthalenes, 263 ; Action of Alcohol on Sulphonic
Chloride, a Means of producing Ethereal Salts of Sulphonic
Acid, 263 ; Action of Bromine on Mixture of Ortho- and

Paranitro-a-Acenaphthalides, 263 ; Camphrone, 263 ; the
Interactions occurring in Flames, 430 ; Relative Orienting

Effect of Chlorine and Bromine, the Constitution of Parabrom-
and Parachloraniline Sulphonic Acids, 525 ; Anhydrides of

Sulphonic Acids, 525 ; Production of Ketone i : 2 : 4-

Acetorthoxylene from Camphor by Action of Sulphuric Acid
and Zinc Chloride, 551

Arons (Dr.), Experiments on the Electrical Polarization at the
Two Sides of a Metallic Plate Immersed in an Electrolyte at

Right Angles to the Current, 576
Arrow Poison, A. Coppen Jones, 343
Art, en the Relation of Natural Science to. Prof. E. du Bois

Reymond, F.R.S., 200, 224 ;
W. Ainslie Hollis, 319

Arteries, a Treatise on the Ligation of the Great, in Continuity,
with Observations on the Nature, Progress and Treatment of

Aneurism, Chas. A. Ballance and Walter Edmunds, Dr. M.
Armand Ruffer, 530

Artillery of the Future and the New Powders, James Atkinson

Longridge, 146
Asia, Central, M. Grum-Grzimailo's Journey to, 40
Askenasy (Herr), Silent Combination of Hydrogen and

Oxygen, 616

Ass, the Cat and the Sheep in China, the Origin of the, Dr
Macgowan, 285

Assheton (R.), the Formation and Fate of the Primitive Streak
in the Frog, 140

Assimilation of Diet investigated in a Dog working in a Tread

mill. Dr. Rosenberg, 599
Assmann (Dr.), Meteorological Observations during Balloon

Voyages, 168
Assmann (Dr.), Observations made in a Captive Balloon, 432
Aston (Emily), some Compounds of Oxides of Silver and Lead,

93
Astronomy : T. W. Backhouse on the Apparent Size of Objects

near the Horizon, 7 ; Proper Motions of the Stars, W. H. S.

Monck, 8 ; Dr. Muller on the Telluric Spectrum, 21 ; Tempel-
Swift's Periodic Comet, 21

; Catalogue of Rutherfurd's Photo-

graphs, 21 ; Our Astronomical Column, 21, 41, 68, 89, 117,

137. 159, 186, 210, 237, 261, 280, 307, 325, 352, 380, 404,

422, 446, 473, 497, 521, 547, 569, 589, 616 ; Outburst of

Dark Spots on Jupiter, 42 ;
Wolf's Periodic Comet, 42 ; the

Total Lunar Eclipse of November 15, 42 ;
the Elements of

the Minor Planets, 42 ; Star Groups, J. Ellard Gore, 52 ;

Theory of Astronomical Aberration, M. Mascart, 68 ; Two
New Laws of Celestial Mechanics, H. Struve, 70 ; the

Rotation of Jupiter, A. Belopolsky, 70 ; Determination of the

Solar Parallax, A. Auwers, 89 ;
Photometric Observations,

Dr, Miiller, 90 ; Tables of Vesta, G. Leveau, 95 ;
Method of

observing the Motion of Stars in the Line of Sight, Prof. J.

Norman Lockyer, F.R.S., 117; the Variation of Latitude,

117; Photography of the Eclipsed Moon, 117; the Recent

(December I, 1891) Eclipse of the Moon, Mrs. R. M.

Crawshay, 134; Proposals for a Co-operative Observatioa of

the so-called Luminous Clouds, 117; Prof. J. S. Slater's

Improved Armillary Sphere, 134; the Secular Acceleration

of the Moon, and the Length of the Sidereal Day, 137 ; State

of Solar Activity, Prof. Tacchini, 137 ;
Observations of

yti

Cephei, J. E. Gore, 137 ; Influence of Ring and Disk Blinds

in Micrometric Measurements, Dr. Walter Wislicenus, 137 ;

Annales of the University Observatory in Vienna, 138 ;

Astronomische Nachrichten 3068, 3069, 159 ; Jupiter and

his First Satellite, E. E. Barnard, 159 ; Spectra of the Sun and

Metals, F. McClean, 159; Tempelj-Swift Comet, 159; Distri-

bution of Energy in Stellar Spectra, Prof. Pickering, 159 ;
on

the Observation of North Polar Stars in the Vertical of Polaris,

159 ; Measurement of Jupiter's Satellites by Interference, A.

A. Michelson, 160; Capture of Comets by Planets, Prof. H.
A. Newton, 186 ;

Law of Limiting Apertures, Dr. E. J.

Spitta, 186 ; Connaissance des Temps, 186 ; Secular Varia-

tion of Latitudes, 210
;
Rotation of Venus, Herr Loschardt,

210 ; Stars having Peculiar Spectra, Prof. Pickering, 210; a

Double Moon, Rose Mary Crawshay, 224 ;
Wolf's Periodic

Comet, Dr. Berberich, 237 ; the Diffraction Effects produced

by placing Screens in Front of Object Glasses, Prof, Pritchard,

237; Refractive Power of Cometary Matter, E. E.Barnard,237;
Himmel und Erde, 237 ; Washington Observations, 1886,

237 ; Stonyhurst Drawings of Sun-spots and Faculae, Rev,

Walter Sidgreaves, 261 ; some apparently Variable Nebulae,

Lewis Swift, 261 ; the Red Spots on Jupiter, W. F.

Denning, 272 ;
Motion of Stars in the Line of Sight,

Prof. H. C. Vogel, 280; Orthochromatic Plates for

Astronomical Photography, MM. Fabre and Andoyer, 281 ;



Supplement to Nai7tre,'\

Jnne 2, 1892 J
Index

the Astronomical Theory of the Glacial Period, Sir Robert

Ball, Prof. G. H. Darwin, F.R.S., 289 ;
on some Points in

Ancient Egyptian Astronomy, J. Norman Lockyer, F.R. S.,

296, 373 ; Obituary Notice of Prof. John Couch Adams, 301 ;

Proposed National Monument to late Prof. J. C. Adams, 401 ;

Election of Sir R. S. Ball to Lowndes Professorship in room
of late Prof. Adams, 402; Wolf's Numbers for 1891, 307;
Solar Activity in 1891, Rudolf Wolf, 307 ;

a New Journal,

307 ; Large Meteor of January 24, 1892, W. F. Denning,
317 ; New Star in the Milky Way, Ralph Copeland, 325 ;

Observations of Mars, Dr. Lohse, 326 ; Solar Prominence

Photography, Prof. G. E. Hale, 326 ; Re-discovery of Brooks's
Comet (1890 IL), 326; the Vacant Chair of Astronomy at

Cambridge, 337 ; on the New Star in Auriga, 344, 366 ; Thos.

D.Anderson, 365; G. Rayet,4o8; J.Norman Lockyer, F.R.S.,
429 ;

the Astronomer-Royal for Scotland, 454, 527 ;
H. C.

Vogel, 498 ; Report of U. S. Naval Observatory, 352 ; Obser-
vations of Nebula? and Star Clusters, M. Bigourdan, 352 ;

Solar Observations, Prof. Tacchini, M. Marchand, 352 ;

Measures of the Nebula near Merope, 352 ; Photographic
Magnitudes of Stars, 380 ; Zodiacal Light, O. T. Sherman,
381 ;

a Preliminary Statement of an Investigation of the

Dates of some of the Greek Temples as derived from their

Orientation, F. C. Penrose, 395 ; Solar Disturbances of 1891,

June 17, H. H. Turner, 404; Photography of Solar Promi-

nences, M. Deslandres, 404 ;
on the Variation of Latitude,

Dr. S. C. Chandler, 404 ; the Warner Observatory, 422 ;

Measurement of Solar Prominences, M. Fizeau. 422 ; the

Draper Catalogue of Stellar Spectra, A. Fowler, 426 ;

Cordova Observatory, 446 ; Algol, Dr. S. C. Chandler, 446 ;

Sun-spots of February, 446 ; a New Comet, Prof. Lewis

Swift, 446 ; Prof. Krueger on Motions of Periodic Comets,
446 ; Orientation of Ancient Monuments, Rev. Fred. F.

Grensted, 464 ; Solar Investigations, Prof. Hale, 473 ; New
Double Star, 26 Aurigae, S. W, Burnham, 473 ; Rotation
of Jupiter, W, F. Denning, 473 ;

New Star in Auriga, Herrn

Eugen and Gothard, J. Norman Lockyer, F.R.S., 473 ; the
Lick Spectroscope, 473 ; a Bright Comet, 473 ; Sun Pillar,
Annie Ley, 484 ; New Comet, W. F. Denning, 484 ;

Fuzziness of some Variable Stars, Cuthbert G. Peek, 497 ;

Astronomical Possibilities at Considerable Altitude, Prof.

Pickering, 498 ; Increase of the Earth's Shadow during Lunar

Eclipses, Dr. Hartmann, 498 ; Aberration, Lord Rayleigh,
Sec.R.S., 499; a New Comet, W. F. Denning, 513; the
Planet Jupiter, 521 ; the Objective Prism, Prof. Pickering,
521 ; Variation of Latitude, Dr. B. A. Gould, 521 ; the

Discovery of Neptune, Prof. Holden, 522 ; Astronomy at the
Paris Academy, March 21, 522; Variability of Nebulae, Dr.
Lewis Swift, 522 ; Solar Prominence Photography, M.
Deslandres, 522 ; Aurora Spectrum, Prof. Hale, 522 ;

the

Capture of Lexell's Comet by Jupiter, Prof. G. H. Darwin,526;
the Relative Motion of 61 Cygni, Prof. A. Hall, 547 ;

the

Temperature of the Sun, M. H. Le Chatelier, 547 ; Comet
Swift, March 6, 548 ; Wolfs Comet, 1891 II., Ilerr Dr.

Thraen, 548 ; Periodic Perturbations of the Four Inner

Planets, Prof. New comb, 548; N.P.D.'s observed with
Greenwich and Washington Transit Circles, Prof. Newcomb,
548 ; Washington Observations, 1887, 548 ; Observations
of the Spectrum of Nova Aurigae, Dr. Henry Crew, 569 ;

E. W. Maunder, 616 ; Denning's Comet {b 1892) ;
Dr. R,

Schorr, 569 ; Comet Swift, 1892, 569 ; Displacement of
Radiant Points, Dr. J. Kleiber, 570; Two New Variables in

Cepheus, Paul S. Yendell, 570 ; on the Variation in Lati-

tude, M. Faye, 570 ; Elementary Mathematical Astronomy,
C. W. C. Barlow and G. H. Bryan, 579 ; Astronomy at the
Paris Academy, April 11, MM. Perigaud and Boquet, 589;
Solar Heat, Dr. Joseph Morrison, 589 ; Periodic Variations
in Latitude, — Chandler, 589 ; Perseids observed in Russia
in 1890, Th. Bredichin, 597 ; Photography at the Cape
Observatory, D. Gill, 600

; Photographs of the Region of
Nova Cygni, 617 ; Winnecke's Comet, Dr. G. F. Haerdtl,
617 ; Personal Equations in Transit Observations, 617 ; the
Sirius System, Dr. A. Auwers, 617 ; Photographs of a part
of Cygnus, M. Faye, 624

Atlantic, North, Severe Weather in the, October 1891, 38
Atlantic, North, Pilot Chart of, December 1891, 258
Atlas, the Dwarfs of Mount, R. G. Haliburton, 66
Atlas, Handy, of Modern Geography, 605
Atlas, the Universal, 52
Atlatl, the Mexican, 66, 102

Atmosphere, the Mass of the, M. Mascart, 311

Atmosphere, Polarization of, by Light of Moon, N. Piltschikoff,

456
Atmosphere,the General Circulation of the, Dr. J. M, Pernter,593

Atmospheric Pressure, Physiological Action of Diminished,
F. R. Mallet, 606

Atmospheric Rings, Dr. Sprung, 599
Attitudes of the Zebra during Sleep, and their Influence on

the Protective Value of its Stripes, on the, 248
Aubin (Percy A.), the Limpet's Power of Adhesion, 464

Auriga, on the New Star in, 344, 366 ;
Thos. D. Anderson,

365; G. Rayet, 408; J. Norman Lockyer, F. R. S., 429;

Astronomer-Royal for Scotland, 454, 527 ; S. W. Burnham,
473 ; H. C. Vogel, 498

Auroras : a Rare Phenomenon seen at Lyons, N.Y., Dr. M. A.

Veeder, 7 ; at Halifax, Prof. J. G. MacGregor, 7 ;
at

Toronto, R. N. Hudspeth, 7 ;
Plan for Observations to

determine Local Distribution and Altitude of, M. A. Veeder,

234 ; Aurora, Geo. M. Seabroke, 605 ;
Arthur Marshall, 605 ;

Arthur E. Brown, 605 ; Aurora visible from Westgate-on-

Sea, 613 ;
Aurora Borealis, J. Lovel, 223 ;

Aurora Borealis

in America, Remarkable Display of, 378 ; the Aurora

Spectrum, Prof. Hale, 522
Australia : Hydrology of the Mitta Mitta, James Stirling, 40 ;

Botanical Museums and Gardens of Australasia, Prof. Goodale,

65 ; a New Freshwater Isopod, Charles Chilton, 66
;
Olive-

Culture in Australia, J. L. Thomson, 135 ; Horticulture in

South Australia, 184. Australasian Association for the Ad-
vancement of Science : Section A, Mathematics, Physics, and

Mechanics—Mathematical Analogies between various Branches

of Physics, Prof. Bragg, 423 ; Seismological Phenomena in

Australasia, 423 ; Quaternions as a Practical Instrument of

Physical Research, A. McAuley, 423 ;
the Grouping of Stars

in the Southern Part of the Milky Way, H. C. Russell,

F.R. S., 423. Section B, Chemistry and Mineralogy—W. M.
Hamlet on the Progress of Chemistry in Australasia, 423 ;

A. Liversidge, F.R.S., on the Rusting of Iron, 424. Section

C, Geology and Palaeontology
—T. W. E. David on Volcanic

Action in Eastern Australia and Tasmania, 424 ; W. J. C.

Ross on the Discovery of Two Specimens of Fossil Lepido-
dendrons in the Neighbourhood of Bathurst, New South

Wales, and the Inferences to be drawn from their Occurrence,

424, Section D, Biology
—Prof. W. Baldwin Spencer on the

Freshwater and Terrestrial Fauna of Tasmania, 425 ; Prof.

Hutton on the Origin of the Struthious Birds of Australasia,

425 ; Prof. Spencer on the Habits of Ceratodus, the Lung
Fish of Queensland, 425. Section E, Geography— Captain
Pasco on Early Discoveries in Australia, 425 ; D. Murray on
Mr. Lindsay's Expedition in Western Australia, 425 ; J. P.

Thomson on Recent Explorations and Discoveries in British

New Guinea, 425. Section F, Economics and Social Science

and Statistics, 426. Section G, Anthropology—Rev. Lorimer

Fison on Anthropological Study, 426. Section H, Sanitary
Science and. Hygiene, 426. Section I, Literature and Fine

Arts—Prof. Morris on Universities in Australia, 426. Sec-

tion J, Engineering and Architecture—C. Napier Bell on

Sanitary Engineering, 426
Austria, Health Springs of Germany and, Dr. F. O. Buckland,

510
Austria-Hungary, the Increase of Population in, 158
Austrian Economists, W^ Smart, 268

Auwers (A.): Determination of the Solar Parallax, 89; the

Sirius System, 617
Aylesbury, Proposed County Museum for Bucks, 114

Aymonnet (M.), Periodic Heat Maxima observed in Spectra
from Flint and Crown Glass, and Rock Salt, 504

Ayrton (Prof. W. E., F.R.S.) : the Thermal Emissivity of Thin

Wires in Air, 162; Rotatory Currents, 191; Electrotechnics,

326 ;
the Function of a University, 439

Azaleas, Intermediate Forms of, Wm. Sowerby, 519
Azoimide, N3H, Further Researches upon. A. E. Tutton, 127

Babel, the Tower of, and the Confusion of Tongues, Thos. G.

Pinches, 210
Bacillus in Influenza, the Alleged Discovery of a, 250
Backhouse (T. W.) : Apparent Size of Objects near the Horizon,

7 ; Nacreous Clouds, 365
Bacterium allii, Dr. Griffiths, 624
Bagard (H.), a Thermo-electric Standard of Electromotive

Force, 192



VI Index [Supplement
to Nature,

June 2, 1892

Bahama Islands : Sponge Trade of the, 20
; Telegraphic Con-

nection with, 114

Bailey (E. H. S.), Tonganoxie Meteorite, 119

Bailey (G. H.), Superheated Steam, 414
Baird (Mr. Spencer F. ), Death of, 278
Bakhuis Roozeboom(Dr. ), Influence of Isomorphism on Behaviour

of Double Salt, during Solution, 240
Balansa (B.), Death and Obituary Notice of, 349
Ball (Sir Robert, F.R.S.) : the Cause of an Ice Age, 365;

Prof. G. H. Darwin, F. R. S.
, 289 ; Henry H. Howorth, 440 ;

Election of, to succeed the late Prof. Adams in the Lowndes

Professorship of Astronomy at Cambridge, 402
Ball (Dr. Valentine, F.R.S. ), the Koh-i-Nur, 126

Ballance (Chas. A.), a Treatise on the Ligation of the Great

Arteries in Continuity, with Observations on the Nature,

Progress, and Treatment of Aneurism, Dr. M. Armand
Ruffer, 530

•

Ballistics : Calculation of Trajectories of Elongated Projectiles,

Rev. F. Bashforth, 473
Balloon Voyage for Scientific Purposes, the First, Prof. Hell-

mann, 471
Balloon Voyages, Meteorological Observations daring, Dr. Ass-

mmn, 168

Barclay (Dr. A.), Rain and Mildews in India, 477
Barlow (C. W. C.), Elementary Mathematical Astronomy, 579
Barnard (E. E. ) : Jupiter and his First Satellite, 159 ; Refrac-

tive Power of Cometary Matter, 237
Barometer, How to use the Aneroid, Edward Whymper, 339
Barometrical Dapresiion (Nov. n, 1892), Phenomenal, G. J.

Symons, 65
Barrett-Hamilton (G. E. H.), Harrow Birds, 342
Barns (Carl) : the Solution of Vulcanized India-rubber, Il8

;

Relation of Melting-point to Pressure in Igneous Rock Fusion,

311
Bashforth (Rev. F.), Calculation of Trajectories of Elongated

Projectiles, 473
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119 ; on the Theory of Elastic Wires, 215 ; Phoronomy, 486
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Bites (H. W., F.R.S.) : Death of, 377 ; Obituary Notice of, 398
Bateson (W.), Variations in the Colour of Cocoons, 143
Bats flying in the Daytime, R. Haig Thomas, 8

Batten (E. H. M. ), the Opium Question, 545
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Beeby (W. H.), Grafted Plants, 151
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Blood-Supply, 140
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95, 168, 312, 432, 576; Rainfall and Thunderstorms of, 114
Bernard (H.), a New Form of Mechanical Stage for Micro-
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Bernays (Dr. A. J.), Death of, 258
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Acids in very Dilute Solutions, 72 ;
Heat of Formation of

Hydrazine and Hydrazoic Acid, 95 ; the Three Basicities of
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the Spontaneous Oxidation of Humic

Acid and Vegetable Soil, 288
;
a Method of Organic Analysis,

408
Besant (Dr. W. H., F.R.S.), Phoronomy, 462
Besson (M. ): Phosphides of Boron, 136; the Bromine Deriva-

tion of Methyl Chloride, 143 ; Two New Compounds of
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sulphide, 240
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624
Biese(Dr. E,), Meteorology of Finland, 87

Bigourdan (M.), Observations of Nebulae and Star Clusters, 352
Binnie (W. J. E.), Electric Self-recording Rain-Gauge, 95

Biology: of Seaside Plants, W. Bolting Hemsley, F.R.S., 3;

Suggestions for Securing Greater Uniformity of Nomenclature
in Biology, Prof. T. Jeffery Parker, F.R.S.. 68

; Preliminary
Notice of a New Branchiate Oligochzete, Frank E. Beddard,

109; the Marine Biological Association, 116; Discoloration

of Water by Minute Marine Organisms in Port Jackson,

Sydney, 184 ; Proposed Columbus Station at Jamaica,

401 ; Prof. Ray Lankester, 420 ; Wandering Cells in Echino-

derms, &c., H. E. Durham, 450 ;
the Excretory Processes in

Marine Polyzoa, S. F. Harmer, 450 ;
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strupii, A. E. Shipley, 450 ; Note on a Sieve-like Membrane
across Oscula of a Species of Leucosolenia, E. A. Minchin,

450 ; the Nauplius Eye persisting in some Decapods, Margaret
Robinson, 450 ;
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J. Hickson, 455 ; Appointment of Mr. George Brebner as

first Marshall Scholar, 183 ; Evolution of Life, or Cause of

Change in Animal Forms, Hubbard Winslow Mitchell, 364 ;
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Bird Gallery in the British Museum, 154
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Birds, Harrow, G. E, H. Barrett-Hamilton, 342
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of Propagation Circuit, 408

Blood, Influence of Leucocytes on the Clotting of, Dr.

Lilienfeld, 599
Blowpipe Analysis, J. Landauer, 580
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van Nederlandsch Indie, 28

Boernstein (Prof.), Extraordinarily Rapid Evaporation on

Glacier, 312
Boilers, Modem Lancashire, Samuel Boswell, 22
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Spark Spectra of Gallium, 575
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the. Rev, H, W. Watson, F.R.S., 512
Bombay Natural History Society, Account of the Taming of a
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Bonnier (Dr. G.), the Relation of the Mistletoe to its Parent

Tree, 421
Bonvalot (Gabriel), Across Thibet, 269
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Borkovsky (M.), the Grain Production of Russia, 67
Boston, Fossils Recently Discovered near, Warren Upham, 622
Boswell (Samuel), Modern Lancashire Boilers, 22

Botany: Biology of Seaside Plants, \V. BottingHemsley, F,R.S.,

3 ; Botany of the Emin Relief Expedition, W. T. Thiselton

Dyer, F.R.S., 8
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tot de Kennis der Flora van Nederlandsch Indie, Dr. J, G.

Boerlage, 28
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Mexico, 39 ; Government Mission to Investigate the Botany
of Sierra Leone, 64 ; Botanical Museums and Gardens of

Southern Hemisphere, Prof. Goodale, 65 ; the Acclimatization

of the Avocado Pear in New South Wales, F. Turner, 66 ;

Botanical Gazette, 70, 287, 478, 596 ; Third Series of Hooker's
Icones Plantarum, 86

; Pupils at the Missouri Botanical
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Expeditions, 155 ; Insectivorous Plants, R. Lindsay, 157 ;
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Collectarum, Dr. Otto Kuntze, W. Botting Hemsley, F.R.S.,
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Plant, Prof. H. M. Ward, F.R.S., 19b; Parasitic Fungi in
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ments, 278 ; Obituary Notice of Walter Hood Fitch, 302 ;
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Bulletin, 323, 402, 586 ; Proposed Discontinuance of the

Kew Bulletin, 494 ; Jubilee of Kew Gardens, 378 ; Herr
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421 ; a New West Indian Form of Agave rigida, J. H.
Hart, 445 ; Method of Fertilization in Ixora, J. C. Willis,

455 ; the Pollen-tube of Gymnosperms, Herr W. Belajeff,

471 ; Rain and Mildews in India, Dr. A. Barclay, 477 ;
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and Vegetation, A. Goiran, 478; the Relationship of
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the Effect of Mechanical Movement on the Growth of
Certain Plants, H. L. Russell, 478 ; Movements of the Flower
and Fruit of Erodium gruimim, Dr, R. Cobelli, 478 ; Philo-

sophical Notes on Botanical Subjects, E. Bonavia, 483 ;

Award by Royal Society of New South Wales of Clarke
Memorial Medal to Mr, W, T. Thiselton Dyer, 495 ; the

Spanish Broom as a Fibre Plant, 495 ; Uganda Bark Cloth,
495 > New Papuan Plants, Diagnoses of, Baron v. Mueller,

496 ;
the Oak, a Popular Introduction to Forest Botany,

H. Marshall Ward, F.R.S., 509; Intermediate Forms of

Azaleas, Mr. William Sowerby, 519; Effects of Earthquakes
on Vegetation, Signor Goiran, 520 ; Influence of Electricity
on Growth of Plants, Prof. Aloi, 520 ; a New Seaweed
from Cape Colony {Phacelocarpus disciger), 526 ; Extermina-
tion of the Wild Daffodil in the Basses Pyrenees, 595 ;

Botanical International Congress to be held at Genoa in

connection with Celebration of Quatercentenary of Discovery
of America by Columbus, 545 ; Remarkable Development of

Botanical Establishment of Harvard University by Munificence
of Prof, G. L. Goodale, 545 ; the Ants attracted by Cynips
calycis Galls, a Protection to Quercuspedunculata. Dr. Rathay,
546 ;

a New Theory of the Morphology of the Carpel in

Flowering Plants, F. Pasquale, 546 ; Dr. J. T, Rothrock
t)n the Flora, &c., of the Bahamas and Jamaica, the Man-

grove as a Source of Tannin, 546 ;
Fertilization of the Ca^ua-

rinaceas, 548 ; Seis of Exsiccate Coccidse to be issued by the

Institute of Jamaica, 567 ;
Panax Gum, J. H. Maiden, 567 ;

Sunflower Cultivation in Southern Russia, 568 ; Biology of

the Sunflower, A, Gordyaghin, 597 ; J. Carruthers appointed
Lecturer in Botany at the College of Agriculture, Downton,
586 ; Lectures on Systematic Botany at St. Thomas's Hospital,

586 ;
Evolution in Methods of Pollination, Miss Alice Carter,

596 ;
on the Phenomena concerned in the Production of

Forked and Branched Palms, D. Morris, 598 ; Our Trees,

John Robinson, 603
Bothamley (C. H.) : the Ilford Manual of Photography, 460 ;

the Optical Lantern as an Aid in Teaching, 437
Botocudos of Brazil, the, 615
Boulenger (G. A.), Zoological Regions, 104
Bourne (Dr. A. G. ), Pelomyxa viridis, 140
Bow as Origin of Stringed Instruments, the, Dr, E. B. Tylor,

F.R.S., 184
Bowman (Sir William, F.R.S.) : Death of, 517; Obituary

Notice of. Prof. J. Burdon Sanderson, F. R. S., 564
Bower (Capt. ), Journey from China to Simla, 615
Bragg (Prof.), Mathematical Analogies between various Branches

of Physics, 423
Brain, the Intracranial Circulation and its Relation to the Phy-

siology of the, James Cappie, M.D., 26
Branchiate Oligochsete, Preliminary Notice of a New, Frank

E. Beddard, 109

Brazil;: Dismissal of Dr. Fritz Miiller, 156 ;
the Mineral Wealth

of, 235 ; the Botocudos of, 615
Brebner (Mr. George), Appointment as first Marshall Scholar

in Biology of, 183
Brewing, the Science of, E. R. Moritz and G. H. Morris, 100

Briggs (J. F.), Relative Orienting Effect of Chlorine and

Bromine, 525
Briggs (W.), Synopsis of Non- Metallic Chemistry, 604
British Art, Science Museum and Gallery of, at South Kensing-

ton, 348
British Association, Arrangements for Edinburgh Meeting, 401
British Columbia, the Salmon Industry in, 279
British Earthworm, a Rare, Rev. Hilderic Friend, 365
British Edible Fungi, how to Distinguish and how to Cook the m,
M. C. Cooke, 75

British Flies (Diptera), an Account of, Hon. M. Cordelia E.

Leigh and F. V. Theobald, 173
British Fungi, Phycomycetes and Ustilaginese, G, Massee, 41 1

British Geology, 1890, Annals of, J. F. Blake, 77
British Guiana, Proposed Establishment of an Agricultural

College in, 520
British Isles, Volcanic Action in the. Sir Archibald Geikie,

F.R.S., 398
British Museum : Catalogue of Fossil Birds in, Richard

Lydekker, 33 ; Bird Gallery in the, 154 ;
Mr. A. S. Wood-

ward appointed Assistant-Keeper of the Department of

Geology, 566
Broads, how to Organize a Cruise on the, E. R. Suffling, $2
Brochet (A. ), Pyrogeneous Hydrocarbons formed in Gas Industry,

504
Brodie (F. J.), the Prevalence of Fog in London, 1871-90, 215
Bronze Age in the East and Southern Europe, the. Prof.

Montelius, 39
Bronze in the London Atmosphere, Prof. Roberts- Austen, 443
Brooks's Comet (1890 II. ), Rediscovery of, 326
Brown (Prof. A, Crum, F.R.S.), Rule for Determining whether

a given Benzene Mono-derivative shall give a Meta-di-deriva-

tive or a Mixture of Ortho- and Para-di-derivatives, 525
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Brown (H. T.), Search for a Cellulose-dissolving Enzyme in

Digestive Tract of certain Grain-feeding; Animals, 452
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Periods, 503
Browne (R. G. Mackley), the Precipitation and Deposition of

Sea-borne Sediment, 598
Bruce (E. S.), an Aerial Graphoscope for Showing Effects of
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Briicke (Dr. Ernst von), Death of, 303
Brugsch-Bey (H. ), Egypt under the Pharaohs, 363
Bran (E.), Combinations of Cuprous Iodide with Ammonium

Thiosulphate, 528
Brussels Academy of Sciences, 216, 624
Bruyn (Dr. de), a New Hydroxylamine, 48
Bryan (G. H.), Elementary Mathematical Astronomy, 579
Buchanan (Dr. George), Knighted, 544
Buckinghamshire, Proposed County Museum for, 114
Buckland (Dr. F. O. ), Plealth Springs of Germany and Austria,

510
Buda Pesth, Natural History Society of, 471
Budde (Dr.), Experiments on the Inert Layer in Emulsions of

Chloroform and Soda, 599
Building and Decoration, Stones for, Geo. P. Merrill, 222
Bulletin de I'Academie des Sciences de St. Petersbourg, 70, 597
Bulletin de la Societe des Naturalistes de Moscou, 141
Bulletin of the New York Mathematical Society, 597
Bunsen (Prof) and the Chemical Society, 469
Burbury (S. H., F.R. S.), Prof. Burnside's Paper on the Partition

of Energy, 533
Burial Mound in Florida, Opening of a, C. B. Moore, 567
Burnham (S. W.), New Double Star, 26 Aurigse, 473
Burnside's (Prof. ) Paper on the Partition of Energy, R.S.E.,

July 1887, Prof, W. Burnside, S. H. Burbury, F.R.S., 533
Burton (Dr. C. V. ), a New Theory concerning the Constitution

of Matter, 142
Butler (G. W. )

: the October Eruption North-West of Pantelleria,

154 ; on the Matter thrown up during the Submarine

Eruption North-West of Pantelleria, October 1891, 251 ;

Abstract of Mr. A. Ricco's Account of the Submarine Eruption
North-West of Pantelleria, October 1891, 584

Butterflies, Pigment in Yellow, F. Gowland Hopkins, 197
Buve (Abbe), the Quantity of Sugar produced in Various Plants

as a Means of determining the Meteorological Elements

concerned, 279

C.G.S. System of Units, O. H. Tittraann, 581 ; Prof. J. D.

Everett, F.R.S., 5S1
Cabinet-Making, the Art and Craft of, D. Denning, 459
Caddis-fly, Abbreviated Wings of the Male, R. McLachlan,

F.R.S., 623
Calculations, Chemical, R. Lloyd Whiteley, 604
Calculus, an Introduction to the Differential and Integral, T.

Hugh Miller, 52
Calcutta, Catalogue of Mammalia in the Indian Museum, W. L.

Sclater, 50
California, Earthquake in, 471
California Foxes, Prof. Edward S. Holden, 8

California, Severe Earthquake in, 614
Call (R. Ellsworth), the Tertiary Silicified Woods of Eastern

Arkansas, 119
Callendar (H. L.), a Compensating Air-Thermometer, 212

Calvert (Albert F.), Ornithology of the Sandwich Islands, 485,

558
Camargue, Reclaiming and Cultivation of Land in the, M.

Chambrelent, 143

Cambridge : Cambridge Philosophical Society, 47, 143, 166,

455, 526 ; Cambridge Philosophical Society and the late

Prof. Adams, the, 322 ; Election of the Duke of Devon-
shire to Chancellorship, 233 ; Preliminary Installation of the

Duke of Devonshire as Chancellor of Cambridge University,

257 ; the Vacant Chair of Astronomy at, 337 ; Election of

Sir R. S. Ball to succeed late Prof. Adams in Lowndes Pro-

fessorship, 402
Camel, Herr Lehmann on the, 87
Camera Lucida Measurements, Apparatus for making Accurate,

Sir W. J. Sendali, 46

Campbell (A. J.), Nest and Egg of Bird of Paradise, 379

Campbell (Charles W.), Korea, 307

Canada, Aborigines of the Dominion, Hon. E. Dewdney, 587
Canal between New York and Philadelphia, Proposed Ship,

Prof L. M. Haupt, 497
Canals of Arizona, the Prehistoric Irrigation, 186
Cannizzaro (Prof. Stanislao) : Royal Society Medallist, ill;

Banquette, 183
Cap Horn, Mission Scientifique de, J. Deniker and P. Hyades,

577
Cape Colony, Dr. Thomas Muir appointed Superintendent-

General of Education for, 443
Cape Observatory, Photography at the, D. Gill, 600

Cape of Good Hope, Vedalia cardinalis successfully Colo-

nized at the, 615
Cappie (James, M.D.), the Intracranial Circulation and its

Relation to the Physiology of the Brain, 26

Capture of Comets by Planets, Prof. H. A. Newton, 186

Carbonyl, Iron, from Water Gas, A. E. Tutton, 36 ; Mond and

Danger on, 89 ; Berthelot on Nickel Carbonyl, 89
Carlill (S. B.), Notes on Zebras, 526
Carpenter (Dr. Alfred), Death of, 323
Carpenter (W. B., F.R.S.): the Microscope audits Revelations,

313; on Eozoon, Sir J. William Dawson, F.R.S., 461
Carr (George S.), on the Terms Centrifugal Force and

Force of Inertia, 463
Carruthers (J.), Appointed Lecturer in Botany at the CoUeg*"

of Agriculture, Downton, 586
Carter (Miss Alice), Evolution in Methods of Pollination, 596
Carus-Wilson (C), Warning against the Use of Rotten Flints

for Macadamizing Roads, 379
Carvallo (E.), Crystalline Absorption and the Choice between

the Different Theories of Light, 528
Castello (F. de), Viticulture for Victoria, 324
Casuarinacese, Fertilization of the, 548
Cat, Origin of the, in China, Dr. Macgowan, 285
Cave, the Adelsberg, 207
Celestial Mechanics, Two New Laws of, H. Struve, 70
Centenarian, Prof. Ignace Vonberg, 518
Centrifugal Force and Force of Inertia, on the Terms,

George S. Carr, 463
Century Dictionary, the, W. Dwight Whitney, 316

ju Cephei, Observations of, J. E. Gore, 137

Cepheus, Two New Variables in, Paul S. Yendall, 570
Ceratodus, the Lung Fish of Queensland, on the Habits of.

Prof, Spencer, 425
Ceylon and Borneo, About, Waller J. Clutterbuck, 149
Chadwick (W. I.), the Leach Lantern Microscope, 47
Chaix (M.), Temperature Observations at Geneva, 304

Challenger, Report on the Scientific Results of the Voyage
of H.M.S., during the years 1873-76, Prof. John Judd,

F.R.S., 409
Chambers's Encyclopsedia, 196
Chambrelent (M.), Reclaiming and Cultivation of Land in the

Camargue, 143

Champignons, Les, A, Acloque, 222

Chandler (Dr, S. C.) : on the Variation of Latitude, 117, 404,

589 ; Algol, 446
Changefulness of Temperature as an Element of Climate, 610

Chappuis (James), Refraction of Liquefied Gases, 384

Charpy (Georges) : the Direct Combination of Metals with

Chlorine and Bromine, 47 ; Vapour Tensions of Cobalt

Chloride Solutions, 167 ; the Density of Aqueous Solutions,

480
Chassevant (A.), a Double Chloride of Copper and Lithium, 72
Chauveau (Prof.) : his Laboratory at the Paris Museum of

Natural History, 86
;

elected President of the Societe de

Biologic, 612
Cheal (J.), Practical Fruit Culture, 579
Cheddar Cheese-making, Experiments in, 614
Chemistry : Isolation of Free Hydroxylamine, 20 ; Alum Solu-

tion, T. C. Porter, 29 ; Prof. Pictet's Laboratory at Berlin,

Prof. R. du Bois-Reymond, 31 ; Results of Experiments at

Rothamsted on the Question of the Fixation of Free Nitrogen,
Dr. J. H. Gilbert, F.R.S., 32; Fixation of Nitrogen of

Arable Soils, Gautier and Drouin, 192 ; the Fixation of

Free Nitrogen of Plants, Schloe^ing, Jun., and Laurent, 143 ;

Prizes offered by the Royal Danish Academy of Sciences, 134 ;

the Spontaneous Oxidation of Humic Acid and Vegetable
Soil, Berthelot and Andre, 288

;
Iron Carbonyl from Water

Gas, A. E. Tutton, 36 ; Experiments on the Production of

Ozone by Electric Silent Discharge, Siemens and Halske, 39 ;

Sulphides and Selenides of Boron and Silicon Selenide, Paul
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Sabatier, 41 ; Butylene Monobromides, E. Reboul, 47 ; the

Direct Combination of Metals with Chlorine and Bromine,
Gautier and Charpy, 47 ; a New Hydroxylamine, Dr. de Bruyn,

48 ;
a Text-book of Chemical Physiology and Pathology,

W. D. Halliburton, Dr. E. H. Starling, 51 ; Two New
Phospho-iodides of Boron, H. Moissan, 67 ;

Action of Aqueous
Solution of Ammonia on Phthalic Chloride, Hoogewerff and

van Dorp, 72 ; a Double Chloride of Copper and Lithium, A.

Chassevant, 72 ;
Existence of Acid or Basic Salts of Mono-

basic Acids in very Dilute Solutions, D. Berthelot, 72 ; Arith-

metical Exercises in Chemistry, Leonard Dobbin, 76 ; Mond
and Langer on Iron Carbonyl, 89 ; Berthelot on the Oxidation

of Nickel Carbonyl, 89 ; Chemical Society, 92, 213, 262, 382,

429, 452, 525, 550, 623 ; Prof. Bunsen and the Chemical

Society, 469 ; Magnetic Rotatory Power of SoJu tions of

Ammonia and Sodium Salts of Fatty Acids, Dr, W. H.
Perkin, F.R. S., 92 ; Action of Water Gas on Iron, Roscoe
a:nd Scudder, 92 ; Dissociation of Liquid Nitrogen Peroxide,

J. T. Cundale, 92 ;
Ortho- and Para-nitro-ortho-toluidine,

Green and Lawson, 92 ; Gedda Gums, the Dextro-rotatory

Varieties, C. O' Sullivan, 93 ; Some Compounds of Oxides of

Silver and Lead, Emily Aston, 93 ; Electrolysis of Potassium

Acetate Solutions, Dr. T. S. Murray, 93 ; New Method of

Preparing /3-dinaphthylene Oxide, Hodgkinson and Limpach,
93 ; Van der Waals's Generalizations regarding Correspond-

ing Temperatures, Pressures, and Volumes, Prof. Sydney
Young, 93 ; Heat of Formation of Hydrazine and Hydrazoic
Acid, Berthelot and Matignon, 95 ; the Dielectric Power,

Julien Lefebvre, 95 ; Treatise on the Manufacture of Sulphuric

Acid, George Lunge, Ph.D., Prof. T. E. Thorpe, F.R.S.,
121

;
a Hand-book of Industrial Organic Chemistry, Samuel

P. Sadtler, 125 ;
Further Researches upon Azoimide, N3H,

A. E. Tutton, 127 ; Phosphides of Boron, Moissan and Besson,

136 ; the Bromine Derivatives of Methyl Chloride, A. Besson,

143 ;
the Ammonia in the Air and Rain of a Tropical Region,

Marcano and Muntz, 143 ;
Attraction of Liquid Oxygen by

Faraday Magnet, Prof. Dewar, 154 ;
Curious Compound of

Lead Sodium and Ammonia, Joannis, 158 ; Vapour Tensions

of Cobalt Chloride Solutions, Georges Charpy, 167 ; Thermal
Data concerning Active Malic Acid and Potassium and Sodium

Malates, G. Massol, 167 ; Ammonia in Atmospheric Waters,
Albert Levy, 168

;
Chemical Constitution of Adenin and

Hypoxanthin, Dr. Kriiger, 168 ; two New Methods of pre-

paring Free Solid Hydroxylamine, M. Crismer, 185 ; the Three
Basicities of Phosphoric Acid, D. Berthelot, 192 ; a Green
Solid Chromic Sulphate, A. Recoura, 192 ; Crystallization of

Tetra- iodide of Carbon, M. Moissan, 209 ; Phosphorous
Oxide, ii., Thorpe and Tutton, 213 ; Frangulin, ii., Thorpe
and Miller, 214; Structure and Chemistry of Flames, Smithells

and Ingle, 214 ; the Structure of Luminous Flames, A.

Smithells, 214 ; Mydatic Alkaloid Hyoscyamine in Lettuce,
T. S. Dymond, 214; Cryptopine, Brown and Perkin, 214;
Action of Sodium on Ethereal Salts, iii., Benzylic Ortho-

toluate, R. W. Hodgkinson, 214; New Compounds ofCarbonyl
Platinum Chloride and Bromide with Ammonia Derivatives,
Dr. Foerster, 236 ; Molecular Weight of Gadolinia, 237 ;

Metallic Borates, H. LeChatelier, 240; a Silicon Chlorosulph-
ide, A. Besson, 240 ; Influence of Isomorphism on Behaviour
of Double Salts during Solution, Dr. Bakhuis Roozeboom,
240; the Chemistry of Paints and Paintings, A. H. Church,
F.R.S., Dr. Hugo Mliller, F.R.S., 241 ; Colour and Spectrum
of Free Gaseous Fluorine, Moissan, 260 ; Metallic Hydro-
sulphides, Linder and Picton, 262

; Physical Composition of

some Sulphide Solutions, H. Picton, 263 ; Solution and

Pseudo-Solution, ii., Picton and Linder, 263 ; Change in

Acidified Solution of Sodium Thiosulphate, when Products
retained within System, A.Colefax, 263 ; Action of Sulphurous
Acid on Flowers of Sulphur, A. Colefax, 263 ; a and 3
Modifications ofChloro-benzene Hexachloride,F. E.Matthews,
263 ; Sulphochlorides of Isomeric Dibromonaphthalenes,
Armstrong and Rossiter, 263 ; Action of Alcohols on

Sulphonic Chlorides as means of producing Ethereal Salts of

Sulphonic Acids, Armstrong and Rossiter, 263 ; Action
of Bromine on Mixture of Ortho- and Paranitro-a-

acenaphthalide, Armstrong and Rossiter, 263 ; Camphrone,
Armstrong and Kipping, 263 ; Metaxylenesulphonic Acids, ii.,

G. T. Moody, 263 ; Direct Combination of Nitrogen with the
Alkaline Earthy Metals, Maquenne, 264 ; Nitration of

Hydrocarbons of the Methane Series, Konovaloff, 264 ;

Magnesium Nitride, Dr. Merz, 280 ; Manganates of Potash,
G. Rousseau, 288 ; Outlines of Practical Physiological

Chemistry, F. Charles Larkin and Randle Leigh, 292 ;

Problems in Chemical Arithmetic, E. J. Cox, 293 ; New
Liquid Compound of Carbon, Oxygen, and Chlorine, M.

Fauconnier, 306 ;
Lithium Nitride, Dr. Merz, 307 ; Origin of

Flame Coloration, Prof. Smithells, 306 ; Composition of

lolite, O. C. Farrington, 310 ;
a Series of Caesium

Trihahdes, H. L. Wells, 310 ;
Action of Carbon

Monoxide on Iron and Manganese, M. Guntz, 311 ;

Chloride of Sodium in Plants, P. Lesage, 312 ; the Indexing
of Chemical Literature, 324 ; Remarkable Series of Com-

pounds of Halogen Salts of Caesium, wiih two more Atoms
of Chlorine, Bromine, or Iodine, Wells and Penfield, 325 ; the

Characteristic Equation of Water Vapour, Ch. Antoine, 336 ;

the Estimation of Molybdenum, E. Pechard, 336 : Guide to

the Examinations in Chemistry, W. Jerome Harrison, 342 ;

Two New Cottipounds of Carbon, Chlorine, and Bromine,
M. Besson, 351 ;

Barium and Strontium Nitrates, M.

Maquenne, 360 ; Action of Metals on Salts dissolved in

Organic Liquids, Raoul Varet, 360 ; Experiment illustrating

the Power of Palladium of occluding Hydrogen, Prof.

Wilson, 380; Certain Ternary Alloys, v., C. R. A. Wright,

F.R.S., 381 ; the Luminosity of Coal Gas Flames, V. B.

Lewes, 382 ; the Action of Dilute Nitric Acid on Coal, R. J.

Friswe 1, 383 ;
a Pure Fermentation of Mannitol and Dulcitol,

Frankland and Frew, 383 ; Synthesis of Hexahydro-

terephthalic Acid, Mackenzie and Perkin, 383 ; Magnetic
Rotation of Dissolved Salts, W. Ostwald, 383 ;

the Dissocia-

tion of Nitrogen Peroxide, W. Ostwald, 383 ; Corydaline,
Dobbie and Lauder, 383 ; Silver Compounds of Thiourea,

J. E. Reynolds, 383 ; Determination of Freezing Point of

very Dilute Solutions, as applied to Cane-sugar, M. Raoult,

384 ;
Refraction of Liquefied Gases, James Chappuis, 384 ;

Decomposition of Sulphurous Acid by Water at very High
Temperatures, M. ScheurerKestner, 384 ; Chlorosulphide
and Bromosulphide of Lead, F. Parmentier, 384 ;

Manual
of Chemical Technology, Rudolf von Wagner, 386 ;

Interest-

ing Compound of Carbon and Barium, M. Maquenne, 403 ;

a New Method of Organic Analysis, M. Berthelot, 408 ;

Action of Alkaline Metals on Boric Acid, H. Moissan, 408 ;

Variation with Temperature of Dielectric Constant of Liquids,

D. Negreano, 408 ; Zeitschrift fiir Anorganische Chir^ie,

421 ;
the Preparation of Amorphous Boron, M. Moissan,

421 ; on the Progress of Chemistry in Australasia, W. M.

Hamlet, 423 ; A. Liversidge, F.R.S., on the Rusting of

Iron, 424 ;
Pedetic Motion in relation to Colloidal Solution,

W. Ramsay, 429 ;
the Acid Action of Drawing-papers, W.

N. Hartley, 430 ;
the Interactions occurring in Flames, Sir

G. G. Stokes and Dr. Armstrong, 430 ; Properties of Alco-

holic and other Solutions of Mercuric and other Chlorides, S.

Skinner, 430 ;
the Isothermals of Mixtures of Gases, Prof.

Tait, 431 ;
Researches on Ethyl Monochlor-, Monobrom-,

and Monocyanacetoacetate, Haller and Held, 432 ; Tartronic

Acid and Tartronates of Sodium and Potassium, G. Massol,

432 ;
Prize offered by Schnyder von Wartensee's (Zurich)

Foundation, 443 ; Chromosulphuric Acid, M. Recoura, 445 ;

Phosphorous Oxide, A. E. Tutton, 446 ; Search for a Cellu-

lose-dissolving Enzyme in Digestive Tract of certain Grain-

feeding Animals, H. T. Brown, 452 ; on the Influence of

Oxygen and Concentration on Fermentation, A. J. Brown,

453 ; Limettin, W. A. Tilden, 453 ;
the Acid Action of

Drawing-papers, Prof. Hartley, 453 ; the Heats of Forma-
tion of Potassium Carballylates, G. Massol, 456; the Com-

position of Hsemocyanin, M. Zune, 456 ;
Milk Ferment

Identical with "
Kefyr

"
in use in Canada and United States,

C. L. Mix, 471 ;
New Mode of Synthesizing Tartaric Acid,

M. Genvresse, 472 ;
the Density of Aqueous Solutions,

Georges Charpy, 480 ;
a Study of the Velocity of Decomposi-

tion of Diazo-compounds of Water, P. T. Muller and J.

Hausser, 480 ; the late Prof. Stas's "Silver" (the results of

further Slochiometrical Investigations), Prof. Spring, 497 ;

the Action of Dry Hydrochloric Acid Gas on Dry Carbon-

ates, Wilson and Hughes, 503 ;
Researches on Samarium,

Lecoq de Boisbaudran, 504 ;
Periodic Heat Maxima

observed in Spectra furnished by Flint and Crown Glass and

Rock Salt, M. Aymonnet, 504 ; some Well-defined Alloys of

Sodium, M. Joannis, 504 ;
Citric Acid, G. Massol, 504 ;

Pyrogenous Hydrocarbons formed in the Compressed Gas

Industry, A. Brochet, 504 ;
a Treatise on Chemistry, Sir

H. E. Roscoe, F.R.S., and C. Schorlemmer, F.R.S., 509 ;

Prof. Ignace Vonberg, 518 ; the Properties of Amorphous
Boron, A. E. Tutton, 522 ; Rule for determining whether a
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given Benzene Mono-derivative shall give a Meta-di-derivative

or a Mixture of Ortho- and Para-di-derivatives, Brown and

Gibson, 525 ; Relative Orienting Effect of Chlorine, (i) the

Constitution ofParabrom- and Parachloranilinesulphonic Acids,

Armstrong and Briggs, 525 ; Anhydrides of Sulphonic Acids,
H. E. Armstrong, 525 ; the Aconite Alkaloids, ii., Dunstan
and Umney, 525 ; Do., iii., Dunstan and Passmore, 525 ;

the Carbon deposited by Coal Gas Flames, W. Foster,

525 ; Chromic Acid, Eleanor Field, 525 ; Origin of

Acetylene in Flames, V. B. Lewes, 525 ; the Pro-

perties of Amorphous Boron, H. Moissan, 527 ; Combina-
tions of Cuprous Iodide with Ammonium Thiosulphate, E.

Brun, 528 ; the Principles of Chemistry, D. Mendeleeff,

529 J Synthesization of Two New Liquids containing Fluorine,
M, Meslans, 547 ; Conditions of Combination between

Cyanides of Zinc and Mercury, W. R. Dunstan, 550 ; Lecture

Experiment to Illustrate Phenomena of Coal Dust Explosions,
T. E. Thorpe, 551 ; Production of Ketone 1:2:4; Acet-

orthoxylene from Camphor by Action of Sulphuric Acid and
Zinc Chloride, Armstrong and Kipping, 551 ;

Platinum

Tetrachloride, W. Pullinger, 551 ; a New Acid from

Camphoric Acid, W. H. Perkin, Jun., 551 ; Specific Rotatory
and Cupric Reducing Power of Invert Sugar, and of Dextrose
obtained from Cane Sugar by Means of Invertase, J.

O'Sullivan, 551 ; Ethyldimethylamidobenzene, Hodgkinson
and Limpach, 551 ; Action of Nitric Acid on Oxanilide and
its Analogues, A. G. Perkin, 551 ; Action of Potassium
Fluoride on Anhydrous Chlorides, C. Poulenc, 552 ;

Anhydrous Sulphates of Zinc, Nickel, Copper, and Cobalt
obtained in Crystals, M. Klobb, 569 ; the Difference of

Colloid Oxides and Crystalline Hydrates, Van Bemmelen, 576 ;

Ethylaldoxime, Franchimont, 576 ; Quantitative Chemical

Analysis, Frank Clowes and J. Bernard Coleman, 578 ;

Titanium Phenylate and otherCompounds in which Hydroxylic
Hydrogen of Phenols is replaced by Titanium, M. Levy, 589 ;

Recent Advances in Physical Chemistry, Prof. W. Ostwald, 590 ;

Experiments on the Inert Layer in Emulsions of Chloroform
and Soda, Dr. Budde, 599 ; Outlines of Theoretical Chemistry,
Lothar Meyer, Prof. M. M. Pattison Muir, 6oi ; Synopsis of
Non-Metallic Chemistry, William Briggs, 604 ; Chemical Cal-

culations, R. Lloyd Whiteley, 604 ; Silent Combination of

Hydrogen and Oxygen, Prof. Victor Meyer and Herr
Askenasy, 616

Cheshire (F.), Wave Motion Model, 347
Chicago, the Congress of Electricians at, 19
Chicago Exhibition : Australia and the, 113; Economic British

Minerals at the, 155 ; Proposed Indian Bureau Exhibit, 184 ;

Proposed U.S. Patent Office Exhibit in Illustration of Pro-

gress of Mechanical Civilization, 207 ; Messrs. Siemens and
Halske's Exhibit (Electrical Engineering), 207 ; Prof. Put-
nam's Anthropological Exhibit at, 259 ; the English Electrical

Exhibit, 377 ; Cabot Relics to be sent to, 443 ; Electricity

Building at, 443 ; Monster Steam Hammer, 497 ; the South
African Diamond Industry at, 567 ; Leather Industry at the,
587 ; Use of Mica at the, 615

Chilton (Charles), a New Isopod, 66

China, the Origin of the Ass, the Cat, and the Sheep in. Dr.

Macgowan, 285
China, the Manchu Race, 523
China to Simla, Capt. Bower's Journey from, 615
Chinese Fibres, 278
Chloroform and Soda, Experiments on the Inert Layer in Emul-

sions of, Dr. Budde, 599
Chree (C.) : Long Rotating Circular Cylinders, 455 ; Change in
Dimensions of Electric Solids due to given System of Forces,
527

Chromosphere Spectrum, Note on the, Prof. C. A. Young, 28
O

Chromosphere Line Angstrom 6676-9, Rev. A. L. Cortie, 103 :

Prof. C. A. Young, 198

Chronophotography : Use of, for Study of Aerial Locomotive
Machines, Marey, 71 ; Chronophotography or Photography as

Applied to Moving Objects, 228
Church (A. H., F.R.S.), the Chemistry of Paints and Paintings,

Dr. Hugo Miiller, F.R.S., 241
Circulation of the Atmosphere, the General, Dr. J. M. Pernter,

593
Cirques, Prof. T. G. Bonney, F.R.S., 391 ; Prof. G. Frederick

Wright, 317 ; Prof. Israel C. Russell, 317
City and Guilds of London Institute, Report on 189 1 Techno-

logical Examinations, 38

Civilization, Ancient, of Central America, Alfred P. Maudslay,
617

Clarke (Sir Andrew, F.R.S.), Elected (fifth time) President of

Royal College of Physicians, 566
Clarke (W. E.), the Great Skua in Scotland, 545
Gierke (A. M.), CEuvres Completes de Christiaan Huygens, 434
Climate of British Empire during 1891, 38
Climate, Changefulness of Temperature as an Element of, 610

Climatology : the Weather Bureau of the United States, 86 ;

Projected Exhibition of Instruments, &c., relating to, 258
Cloud Observations at Sea, Prof. C. Abbe, 70
Clouds, Luminous, Proposals for a Co-operative Observation of

the So-called, 117
Clouds, Nacreous, T. W. Backhouse, 365
Clowes (Frank and J. Bernard Coleman), Quantitative Chemical

Analysis, 578
Clutterbuck (Walter J.), About Ceylon and Borneo, 149
Coagulation of the Blood, Pekelharing, 600
Coal on Tenasserim River, Discovery of, 496
Coal-Dust Explosion, Lecture Experiment to illustrate Phe-
nomena of, T. E. Thorpe, 551

Cobelli (Dr. R.), Movements of the Flower and Fruit of
Erodium gruinum, 478

Coccid, the leerya purchasi at St. Helens, 115
Cockerell (T. D. A.), Alpine Rubi, 320
Cocoa-nut Palms of Jamaica, Disease among the, 88
Cocoons, Variations in the Colour of, W. Bateson, 143
Cohen (E.), Meteoric Iron, 69
Coke Industry, the Utilization of the By-products of the, Dr.

B. Terne, 157
Colchester, Capture of a Spotted Eagle near, 158
Cole (F. N.), Klein's Modular Functions, 597
Cole (Prof. G. A. J.), the Variolite of Annalong, Co. Down,
455

Colefax (A.) : Change in Acidified Solution of Sodium Thiosul-

phate when Products retained within System, 263 ; Action of

Sulphurous Acid on Flowers of Sulphur, 263
Coleman (J. Bernard) and Frank Clowes, Quantatitive Chemical

Analysis, 578
Colleges, University, in Great Britain, Report of Committee on

Grants to, 544
Colliding Bodies, the Virial of a System of Hard, Lord

Rayleigh, F.R.S., 80

Colliery Manager's Hand-book, Caleb Pamely, 77
Collins (F. Howard), Migration of the Lemming, 149
Colloid Solutions, on the Nature of, C. E. Linebarger, 622
Colot (Edmond), on the Tensions of Saturated Vapours of

Different Liquids at the same Pressure, 528
Colour, First Visible, of Incandescent Iron, Capt. A. Noble,

F.R.S., 484
Colour Blindness, Hering on a Rare Case of, 115 ; and Colour

Perception, F. W. Edridge Green, 195
Colour Photography by Lippmann's Process, 119
Colour Photometry, Captain Abney, 213 ; First Visible Colour

of Incandescent Iron, Capt. A. Noble, F.R.S., 484
Colours of Fish and other Animals, a Medium for Preserving

the, 212

Colours, Warning, Frank E. Beddard, 78 ; Edward B. Poulton,
F.R.S., 174; W. L. Distant, 174

Colours, Supplementary, Prof. S. P. Thompson, F.R.S., 452
Colours, on Insect, F. H. Perry Coste, 513, 541
Colson (Albert), on the Flow of Liquids in Capillary Tubes, 120

Columbia, British, the Similkameen Indians of, Mrs. Allison,

164
Columbia College, New York, Electrical Engineering at School

of Mines, 207
Columbus Marine Biological Station at Jamaica, Proposed,

401 ; Prof. Ray Lankester, 420
Columbus, Quatercentenary of Discovery of America by,

Botanical International Congress to be held at Genoa in con-
nection with Celebration, 545

Comenius (Johann Amos), Tercentenary of Birth of, 49$
Cometary Matter, Refractive Power of, E. E. Barnard, 237
Comets : Tempel- Swift's Periodic Comet, 21

; Tempelj-Swift
Comet, 159 ; Comet Swift, March 6, 548 ; Wolf's Periodic

Comet, 42; Dr. Berberich, 237; Wolf's Comet, 1891 II.,

Herr Dr. Thraen, 548 ; Capture of Comets by Planets, Prof.

H. A. Newton, 186 ; Re-discovery of Brooks's Comet (1890
II.), 326 ; a New Comet discovered by Prof. Lewis Swiit,

446 ; Prof. Krueger on Motions of Periodic Comets, 446 ;
a

Bright Comet, 473; New Comet, W. F. Denning, 484, 513 ;
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Denning's Comet ^J) 1892), Dr. R. Schorr, 569 ; Comet Swift

1892, 569 ; Winnecke's Comet, Dr. G. F. Haerdtl, 617
Commerce, Evolution of, Gardiner G. Hubbard, 588
Conchology of the West Coast of South America, Robert E. C.

Stearns, 89
Congo, French, Copper Mines of, 135

Congress, Botanical International, to be held at Genoa in con-

nection with Celebration of Quatercentenary of Discovery of

America by Columbus, 545
Congress at Chicago, Proposed International Electrical, 64, 278
Connaissance des Temps, 186
Conn (Prof. H. W.), the Living World, Whence it Came and

Whither it is Drifting, 317
Cons (Miss E.), Polytechnics and Recreation, 28
Coode (Sir John), Death of, 443
Cooke (M. C), British Edible Fungi, 75
Cope (Prof. E. D.), Discovery of New Species of Frog in New

Jersey, 208

Copeland (Ralph): New Star in the Milky Way, 325; New
Star in Auriga, 454, 527

Copernic et la Decouverte du Systeme du Monde, Camille Flam-

marion, 77

Copper Mines of French Congo, 135

Copper-mining on Lake Superior, Prehistoric Mines in Neigh-
bourhood, E. B. Hinsdale, 39

Cordova Observatory, 446
Corleone, Earthquake at, 184
Cornaglia (Signor), Sul Regime delle Spiaggie e sulla Regola-

zione dei Porti, 362 ^

Cortie (Rev. A. L.), the Chromosphere Line Angstrom 6676*9,
103

Coste (F. H. Perry): Salts in Natural Waters, 176 ; on Insect

Colours, 513. 541 ; Pigments of Lepidoptera, 605
Cotes (E. C), the Wild Silk Insects of India, 520
Cotterill (Prof James A., F.R.S.), Superheated Steam, 414
Courty (M.), Photography of the Eclipsed Moon, 117
Cox (E. J.), Problems in Chemical Arithmetic, 293
Cranbrook (Lord), and the University Extension Movement,

155
Crane (Agnes), the Mexican Atlatl or Spear-Thrower, 102
Crawford (A. ), Results of the Government Travelling Dairy in

Victoria, 39
Crawshay (Mrs, R, M.) : the Recent Eclipse of the Moon,

134; a Double Moon, 224
Cremation, Progress of, 379
Crew (Dr. Henry), Observations of the Spectrum of Nova

AurigK, 569
Crichton-Browne (Harold), Dwarfs and Dwarf Worship, 269
Crime, Photography applied to the Detection of, Dr. Paul

Jeserich, 568
Crismer (M.), Two New Methods of preparing Free Solid

Hydroxylamine, 185
Crocuses, Sparrows and, R. McLachlan, F.R.S., 441
Croft (W. B.) : Nickel Heat Engine, 392 ; Sensitive Water

Jets, 606
Cromer Drift, Striated Surface under the, William Sherwood, 511
Crookes (Prof. W., F.R.S.), Electricity in Relation to Science, 63
Croonian Lectures, 19

Crops, Farm, J. Wrightson, 247
Cruise on the Broads, How to Organize a, E. R. Suffling, 52
Crum (John), Prof. Wiborgh's Air Pyrometers, 304
Crustacea, Freshwater : a New "Isopod," Charles Chilton, ^()

Cryptogams : British Edible Fungi, M. C. Cooke, 75
Crystal Palace Electrical Exhibition, the Coming, 64
Crj'stal Palace Electrical Exhibition, 113, 261, 356
Crystals, Ice, Gilbert Rigg, 319; Bernard Hobson, 365
Cuckoo, Torpid, A. Holte Macpherson, 416
Cundale (J. T.), Dissociation of Liquid Nitrogen Peroxide, 92
Cunningham (Dr. D. J., F.R.S.), the Skeleton of the Irish

Giant Cornelius Magrath, 147
Cunningham (Prof. J. T.), Growth of the Pilchard or Sar-

dine, 255, 558
Cunningham (Rev, Prof, W.), the Relativity of Economic

Doctrine, 519
Cuthbertson (Clive), Mental Arithmetic, 78
Cyclone Memoirs of the Arabian Sea, W. L. Dallas, 135 •

Cyclone, the Samoan, of March i6, 1889, 161

Cyclone in Siam, 86

Cyclones in the Arabian Sea, 276
Cyclones in Europe, 1 14
Cyclopaedia of Nature Teachings, H. Macmillan, 248

Cygni, the Relative Motion of 61, Prof. A. Hall, 547

Cygnus, Photographs of a Part of, M. Faye, 624
Cyst, Formation of a Temporary, in the Fresh- water Annelid

yEolosoma, Frank E. Beddard, 28

Czapski (Prof.), the Calculable Limit of Microscopic Views, 575

Daffodil in the Basses Pyrenees, Extermination of the Wild, 545

Dairy Farming in Victoria, Results of the Government Travel-

ling Dairy, A. Crawford, 39
Dakyns (J. R.), the Plutonic Rocks of Garabal Hill and Meal!

Breac, 360
Dallas (W. L.), Cyclone Memoirs of the Arabian Sea, 135

Dallinger (Rev. W. H., F.R.S.), the Microscope and its

Revelations, W. B. Carpenter, F.R.S., Prof, E, Ray Lan-

kester, F.R.S., 313
Darwin (Charles), Boehm's Statue of, 19
Darwin (Francis, F.R.S.), elected Member of Athenseum Club,

566
Darwin (Prof. G. H., F.R,S.) : the Capture of Lexell's Comet

by Jupiter, 526 ;

" The Cause of an Ice Age," Sir Robert

Ball, F.R.S., 289
Darwinian Society of Edinburgh, the, 19 ; William White, 53 ;

John S. Flett, 104

Dary (George), L'Electricite dans la Nature, 460
David (T. W. E.), on Volcanic Action in Eastern Australia and

Tasmania, 424
Davis (Floyd), "An Elementary Hand-book on Potable Waters,"

Prof Percy F. Frankland, F.R.S., 25
Davison (C), the Elements of Plane Trigonometry, 509
Dawes (Prof W. M.), Ferrel's View of the General Circulation

of the Atmosphere, 357
Dawson (Sir J. William, F.R.S.), Dr. Carpenter, on Eozoon,

461, 606

Deep-Sea Deposits (Challenger Expedition), Murray and
Renard's Report on, Prof. John Judd, F.R.S., 409

Delagoa Bay, its Natives and Natural History, Rosa Monteiro,

124
Deniker (J.), and P. Hyades, Mission Scientifique de Cap Horn,

577
Denning (D.), the Art and Craft of Cabinet-Making, 459

Denning (W. F.) : the Red Spot on Jupiter, 272 ; Large Meteor
of January 24, 1892, 317; Rotation of Jupiter, 473; New
Comet, 484 ; a New Comet, 513

Denning's Comet {b 1892), Dr. R. Schorr, 569
Derrecagaix (General), New Measurement of the Perpign an

Base, 384
Deslandres (M.), the Motion of Stars in the Line of Sight, 117 ;

Photography of Solar Prominences, 404, 522
Determmants, the Theory of, in the Historical Order of its

Development, Thomas Muir, 481
Deutsches Meteorologisches Jahrbuch, 1890, 587
Devonian Limestone of South Devon, on the Microscopic

Structure and Residues iusdublein Hydrochloric Acid in the,
Edward Wethered, 597

Devonshire, the late Duke of, and Science, 182

Devonshire (Duke of). Election to Chancellorship of the Uni-

versity of Cambridge, 233 ; Preliminary Installation as

Chancellor of University of Cambridge, 257
Dewar (Prof.), Attractions of Liquid Oxygen by Faraday

Magnet, 154
Dewdney (Hon. E.), Aborigines of the Dominion of Canada,

587
Diamond Industry at the Chicago Exhibition, the South African,

567
Diamonds in the Iron, a new Locality for Meteoric Iron, with

a Preliminary Notice of the Discovery of. Prof. A. E. Foole,

178
Diatoms, Alleged Pseudopodes of, Alfred W. Bennett, 177
Dictionary, the Century, W. Dwight Whitney, 316
Dielectric Power, the, Julien Lefebvre, 95
Dietrich (Dr. F.C.), Death of, 155
Diffraction Effects produced by placing Screens in Front of

Object Glasses, Prof. Pritchard, 237
Dines (W. H. ), Anemometer Comparisons, 623
Dinornis, Evidence of a Wing in, Henry O. Forbes, 257
Diphtheria, its Natural History and Prevention, by R. Thome
Thome, F.R.S., 123

Diptera, an Account of British Flies, Hon. M. Cordelia E,

Leigh and F. V. Theobald, 173
Disease, a Zoologist (Dr. Elie Metschnlkoff) on. Prof. E. Ray

Lankester, F.R.S., 505
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Distant (W. L.), Warning Colours, 174
Distribution of Energy in Stellar Spectra, Prof. Pickering, 159
Dittmar (William), Obituary Notice of, 493
Dixon (Edward T.), the Implications of Science, 125, 272,

391
Dixon (J. E.), Curious Death of a Ring-tailed Opossum, 88
Dixon (Mr.), the Logical Foundations of Applied Mathema-

tical Sciences, 407
Dobbie (J. J.), Corydaline, 383
Dobbin (Leonard), Arithmetical Exercises in Chemistry, 76

Dog, the Anatomy of the, 16

Dog, the Tubercular Vaccination of the, Hericourt and Richet,

576
Dog working in a Treadmill, Assimilation of Diet mvestigated

on a, Dr. Rosenberg, 599
Dogs, Intelligence of, 177

Dorp (W. A. van). Action of Aqueous Solution of Ammonia
on Phthalic Chloride, 72

Double Orange, Gerald B. Francis, 607
Downing (F. S.), Death of, 85

Draper Catalogue of Stellar Spectra, A. Fowler, 427
Dredging Operations in the Eastern Pacific, Prof. Alexander

Agassiz, 281
Drouin (R. ), Fixation of Nitrogen by Arable Soils, 192
Du Bois-Reymond (Prof. E., F.R.S.), on' the Relation of

Natural Science to Art, 200, 224
Dublin Royal Society, 166, 287, 407, 455
Dublin, Trinity College, Tercentenary Celebration of, 378
Dufour (M.), Influence on Electro- Magnetic Resonance of Un-

symmetrical Arrangement of Propagation Circuit, 408
Dundas (Capt. ), Expedition to Mount Kenia in East Africa,

Ernest Gedge, 566
Dunn (Matthias), Pilchards, 511
Dunstan (W. R.), the Aconite Alkaloids, ii. and iii., 525 ;

Conditions of Combination between Cyanides of Zinc and

Mercury, 551
Duppa-Crotch (W.), Migration of the Lemming, 199, 294
Durham (H. E. ), Wandering Cells in Echinoderms, &c., 450
Durrant (Reginald G.), a Lecture Experiment on Sound, 415
Dust Particles, on the Number of, in the Atmosphere of Various

Places in Great Britain and on the Continent, with Remarks
on the Relation between the Amount of Dust and Meteoro-

logical Phenomena, John Aitken, F. R. S., 299
Dust Counting on Ben Nevis, Angus Rankin, 582
Dutch Academy of Sciences, Haarlem, Prize Subjects proposed

by, 37
Dwarfs of Mount Atlas, the, R. G. Haliburton, 66
Dwarfs and Dwarf Worship, Harold Crichton-Browne, 269
Dyer (J. M.), Elementary Trigonometry, 174

Dyer (W. T. Thiselton, F.R.S.), Botany of the Emin Relief

Expedition, 8 ; Instruction in Horticulture, 402
Dymond (T. S.), Mydatic Alkaloid Hyoscyamine in Lettuce,

214
Dynamic Action and Ponderosity of Matter, by "Waterdale,"

100

Dynamics and Statics, Rev. J. B. Lock, loi

Eagle, Spotted, Capture near Colchester of, 158
Earth Vibrations, on, Dr. Emil Oddone, 510
Earth's Shadow, Increase of the, during Lunar Eclipses, Dr.

Hartmann, 498
Earthquakes : in Japan, 286

;
Effects of Earthquake in Japan,

38 ; Seismometry and Engineering in relation to the recent

Earthquake in Japan, Prof. John Milne, F.R.S., 127; the

recent Earthquake in Japan, Prof. F. A. Forel, 199 ;
Earth-

quake-observing Stations in Japan, 471 ; Earthquake at Pan-

telleria, 120
;

at Corleone, 184; in Jamaica, 207; in Italy,

Greece, and New York State, 259 ; in Rome (Province) and

France, 304; in California, 471, 614; in Nicaragua, 471 ;

Effect of Earthquakes on Vegetation, Signor Goiran, 520 ;

Earthquake at Portland, Oregon, 586 {see also Seismology)
Earthworm, a Rare British, Rev. Hilderic Friend, 365
Echinoderms collected during the Fishing Survey on the West

Coast of Ireland, Prof. F. Jeffrey Bell, 598
Eckert (J. P.), some Peculiar Changes in Colour of Flowers of

Sivainsonia procumbens, 185

Eclipse, Total Lunar, of November 15, 42
Eclipse of the Moon, Robert C. Leslie, 53

Eclipses, Lunar, Increase of the Earth's Shadow during. Dr.

Hartmann, 498
Economic Congress at Antwerp, Proposed International, 586

Economic Doctrine, the Relativity of. Rev. Prof. W. Cunning-
ham, 519

Economists, Austrian, William Smart, 268

Economy, Political : the Relativity of Economic Doctrine,
Rev. Prof. W. Cunningham, 519

Edinburgh Royal Society, 239, 311, 431, 454, 527, 623

Edinburgh University Darwinian Society, 19, 53, 104
Edmunds (Walter), a Treatise on the Ligation of the Great

Arteries in Continuity with Observations on the Nature, Pro-

gress, and Treatment of Aneurism, Dr. M. Armand Ruffer,

530
Education : the Speaker of the House of Commons on Technical

Education, 19 ; Report on 1891 Technological Examina-
tions of City and Guilds of London Institute, 38 ;

the Place

due to Horticulture in Technical Education, W. Wilks, 38 ;

True Relation of Technical Education to the Study of Pure

Science, Dr. Sorby, 38 ; Record of Technical and Secondary
Education, 65 ; Scientific and Technical Education in New
South Wales, 88

;
Technical Education in Essex, 155, 234 ;

in Scotland, 377 ;
in London, 403 ; the New London County

Council and Technical Education, 566 ; Examinations
_

in

Science, 85 ; Lord Cranbrook and the University Extension

Movement, 155 ; Education in the United Stales, 156 ; the

English Language in Japanese Schools, 303 ;
the Registration

of Teachers, 324 ; Free Education in Ireland, 403 ;
Dr.

Thomas Muir appointed Superintendent-General of Education

for Cape Colony, 443 ; the Government and Scientific Educa-

tion, 470 ; the Government and the proposed Teaching Univer-

sity for London, 470 ; Royal Commission to investigate the

Question of a Teaching University for London, 612; Ter-

centenary of the Birth of J. A. Comenius, 495 ; Report of

Committee on Grants to University Colleges in Great

Britain, 544
Edwards (Amelia B.), Death of, 586 ;

Chair of Egyptology
endowed by, 613

Edwards (E. P.), Burning Oils for Lighthouses, 379

Egg of the Extinct Gigantic Bird of Madagascar, ^pyornis
ntaximus, 586

Egypt under the Pharaohs, H. Brugsch-Bey, 363

Egypt Exploration Fund, the, 470

Egypt, Prehistory of, W. M. Flinders Petrie, 580

Egyptian Antiquities, proposed Grant on behalf of, 113

Egyptian Astronomy, on some Points in Ancient, J. Norman

Lockyer, F.R.S., 296, 373

Egyptology, Chair of, endowed by Amelia B. Edwards, 613
Elder (H. M.), Thermodynaoiical View of Action of Light on

Silver Chloride, 524
Electricity : Electricity and Magnetism, translated from the

French of Amedee Guillemin, Prof. A. Gray, i ; Proposed
International Electrical Congress at Chicago, 19, 64, 85, 278 ;

Electric Snow-sweeper, 39 ; Experiments on the Production

of Ozone by Electric Silent Discharge, Siemens and Halske,

39 ; an Experiment of Sir Humphry Davy's, G. F. C. Searle,

47 ; some Notes on Clark's Cells, Glazebrook and Skinner,

47 ; some Notes on the Fra ikfort International Electrical

Exhibition, 54, 105 ; Electricity in Relation to Science, Prof.

W. Crookes, F.R.S., 63; Electrical Exhibition at the Crystal

Palace, 64, 113, 261, 356; Experimental Determination of

Velocity of Propagation of Electro-magnetic Waves, R. B.

Blondlot, 72 ; Electro-magnet and Electro-magnetic Mechan-

ism, S. P. Thompson, F.R.S.,Prof. A. Gray, 73 ; Electrolysis

of Potassium Acetate Solutions, Dr. T. S. Murray, 93 ;
the

Dielectric Power, Julien Lefebvre, 95 ; the Specification of

Insulated Conductors for Electric Lighting, W. H. Preece,

F.R.S., 155 ;
the Thermal Emissivity of Thin Wires in Air,

Ayrton and Kilgour, 162 ; the Self-induction of two Parallel

Conductors, H. M. Macdonald, 166 ; Electricity in relation

to Mining, Ernest Scott, 184 ; Rotary Currents, Prof. W. E.

Ayrton, F.R.S., 191; a Thermo-Electric Standard of Electro-

motive Force, H. Bagard, 192 ; Electrical Engineering at

School of Mines, Columbia College, New York, 207 ;

Repulsion and Rotation produced by alternating Electric

Currents, G. T. Walker, 213; Study of Light and Heat
Phenomena accompanying Electrolysis, Lagrange and Hoho,
216

;
Interference with Alternating Currents, M. H. Kilgour,

238 ;
a First Book of Electricity and Magnetism, W.

Perren Maycock, 248 ; Electricity on the Stage, 259 ;

Influence of Electric Discharge during Thunderstorms on

Apparatus registering Terrestrial Magnetism, Em. Marchand,

264 ; Electro-capillary Phenomena and Differences of Poten-

tial produced by Contact, Gouy, 264 ; Electrical Exhibition
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at St. Petersburg, 303 ;
the Sp2cifications for Condait S/stem

for Electrical Conductor-; at Chicago EKpositioa, 303 ; Elec-

trical Transmission of Power fro;n Laufifin to Frankfort, the,

303 ;
Gaseous CarbDnic Acid not cipable of Generating

Electricity by Mechanical Friction on Metal, Prjf. Wesen-

donck, 306 : Heat-radiation of Gases under the Electric

Discharge, Herr Angstrom, 306 ; tClectrotechnics, Prof. W.
E. Ayrton, F.R.S., 326; on Hertz Oscillations, A. Perot,

336 ;
Lectures on Alternate Currents of High Potential and

Frequency, Nikola Tesla, 345 ; the Driving of Electro-mag-
netic Vibrations by Electro-magnetic and Electrostatic

Engines, Prof. G. F. Fitzgerald, F. R.S., 358 ; Vacuum Tubes
and Electric Oscillations, Prof. Oliver J. Lodge, F.R.S.,

366 ; Electro-dynamic Theories and the Electro-magnetic

Theory of Light, M. Poincare, Prof. A. Gray, 367 ; the

English Exhibit at the Chicago Exhibition, 377 ; Electric

Fans to blow away Smoke from Guns of American Turret

Ship, 403 ; Influence on Electro-magnetic Resonance of

Unsymmetrical Arrangement of Propagation Circuit, Blondlot

and Dufour, 408 ;
Medical Utilization of Alternating Currents

of High Potential, Gautier and Larat, 456 ; L'Electricite

dans la Nature, Georges Dary, 460 ; Fifteenth Convention of

the National Electric Light Association, 470 ; Modes of repre-

senting Electromotive Forces and Currents in Diagrams, Prof.

S. B. Thompson, F. R.S., 478; the coexistence of Dielectric

Power and Electrolytic Conductivity, E. Bouty, 480 ; Execu-
tion by Electricity, 519 ; Influence of Electricity on Growth
of Plants, Prof. Aloi, 520 ; Choking Ct)ils, Prof, Perry,
F. R..S., 524 ; some Experiments on Electric Discharge, Prof.

Thomson, 526; the Manifestation of Negative Electricity

during fine weather, Ch. Andre, 528 ;
the Pittsburgh Electric

Club, 568 ; Electromotive Forces of Gold and Platinum

Cells, Prof. Herroun, 574 ; some Electrical Instruments, R.

W. Paul, 574; the Attraction between two Disks separated
by a Dielectric, Julien Lefebvre, 575 ; Experi nents on the

Electrical Polarization at the two sides of a Metallic Plate

immersed in an Electrolyte at Right Angles to the Current,
Dr. Arons, 576 ; Working of the Search Light, VV. B.

Lefroy Ha nil'.on, 587 ; Relation of Voltaic Electromotive
Force to Molecular Velocity, Dr. G. Go'e, F. R. S., 596;
Decomposition of Sulphur tested Electrolytically, Dr. Gross,

599 ; the Behaviour of Spermatozja towards Electric Currents,
Dr. Schweizer, 599

Elements, on the Lme Spectra of the, Prof. C. Runge, 607
Eliot (John), Report on the Meteorology of Inlia in 1889, 217
Elliott (E. B., F.R.S.)' Dualistic Differential Transformition,

503
Ellison (Allan), Migratory Birds passing over Dahlia, 20
Emin Pasha Relief Expedition, my Personal Experiences in

Equatorial Africa as Medical Officer to the, Thos. Heazla

Parke, 265
Emin Relief Expedition, Botany of the, W. T. Thiselton Dyer,

F.R.S., 8
; Major I. A. M, Jephson, 9

Encyclopaedia, Chambers's, 196
Endlicher (Stephen), Proposed Monument to, 419
Energy, Prof. Burnside's Paper on the Partition of, R.S.E.,

July 1887, S. H. Burbury, F.R.S., 533
Engelenburg (Mr. E.), the New Director of the Dutch Meteoro-

logical Observations on Land, 183

Engine, a Simple Heat, Fred. J. Smith, 294, 464 ; Prof, Kon-
stantin Karamate, 416

Engineering, Sanitary, C. Napier Bell, on, 426
Engineering, Seismometry and, in Relation to the Recent

Earthquake in Japan, Prof. John Milne, F.R. S., 127
Engineering : the Manufacture and Use of Aluminium from an

Engineering Point of View, A. E. Hunt, 568
Engineers, Annual Meeting of Institution of Mechanical, 355
England, Kalm's Account of his Visit to, on his way to America

in 1748, 412
English Language in Japanese Schools, the, 303
Entomology: Silk-producing Moths, Col. Swinhoe, 38; Ento-

mological Society, 46, 71, 166, 430, 454, 526, 575, 623 ; Presi-
dential Address, F. D. Godman, F. R.S., 359; Mr, Albert
Koebele and the Enemies of Insect Pests, Sir James Hector,
65 ; the Macro- Lepidoptera of Winchester, 115 ; Le Pamir et
sa Faune Lepidopterologique, Grum-Grshimailo, 115 ; the

Icerya purchasi 2X St. Helena, 115 ; Variations in the Colour
of Cocoons, W. Biteson, 143 ; Association between Gamasids
and Ants, A. D. Michael, 164 ; a New Herbarium Pest, Dr.

•

C. V. Riley, 235 ; Dr. Riley's New Herbarium Pest, R.
McLachlan, 259 ; the West Indian Ticks, 303 ; Orcui

chalybeus, an important enemy of the Red Scale, M. Koebele,
323 ; the Insects, &c., that injure Tobacco, Prof. A. T.

Tozzetti, 325 ; Ants' Nest Beetles, J. J. Walker, 351 ;
a new

case of Mimicry, Prof. A. Giard, 379 ;
two Species of Indian

Ants, E. A. J. Rothney, 454 ;
the Wild Silk Insects of India,

E. C. Cotes, 520 ; the Plague Locust of New South Wales,
A. S. Olliff, 520 ; the Ants attracted by Cynips calycis a

protection to Qiiercus pedunculata. Dr. Rathay, 596 ;

Hellebore as an Insecticide, W, W. Smith, 596 ; Abbreviated

Wings of the Male Caddis-fly, R, McLachlan, F.R.S,, 623 ;

Dr. Sharp on the Phyllium, 623
Eozoon, Dr. W, B, Carpenter on. Sir J. William Dawson,

F.R.S., 461, 606 ; the Tudor Specimen of, J. VV. Gregory, 486
Epidemic, a New, in Vienna, 349
Epidemics, Untenability of Atmospheric Hypothesis of, Hon. R,

Russell, 431 ; the Origin of Influenza Epidemics, H. Harriss,

431
Equation, Virial, for Gases and Vapours, Prof. P, G, Tait, 199

Equations, Personal, in Transit Observations, 617

Equator, Travels among the Great Andes of the, Edward

Whymper, Prof, T. G. Bonney, F.R.S., 561

Equatorial Africa, my Second Journey through, Herminn von

Wissmann, 507
Equatorial Forests and Rivers of South America, Adventures

amidst the, Villiers Stuart, 317
Ermling (Dr.), on the Nurhagi of Sardinia, 114
Eruption North- West of Pantelleria, the October, G. W.

Butler, Prof. John W. Judd, F.R.S., 154; on the Matter
thrown up during the, Gerard W. Butler, Geo. H. Perry,

251 ; Abstract of Mr. A. Ricco's Account of the, G. \V.

Butler, 584
Eskimo Throwing-Sticks, Prof, O. T. Mason, 66

; Agnes
Crane, 103

Essex, Technical Education in, 155, 234, 613
Ethnology : the Dwarfs of Mount Atlas, R. G. Haliburton,

66 ; Prints of Havesu-pai Indians, Dr. Shufeldt, 235 ;
Use

of the Sumpitan and Bow in Indonesia, C. M. Pleyte, 235 ;

Purchases for the Australian Museum, Sydney, E. P. Ram-
say, 324 ; Surface and Population of European States, E.

Levasseur, 528
Euclid's Elements of Geometry, A. E. Layng, 149
Euclid II. 9 and 10, Simple Proof of. Miss Hilda Hudson,

189 ; Percival and Co., 250
Euclid's Elements, the First Book of. Rev. J. B. Lock, 460
Eugen (Herr), New Star in Auriga, 473
Europe, Research on E.xtremes of Temperature in. Dr. Lach-

mann, 576
Europe, Central, the Temperature of the Rivers of, 114

European States, Surface and Population of, Emile Levasseur,

528
Evans (Dr. Evan), Death of, 1 18

Evaporation on Glacier, Extraordinarily Rapid, Prof. Boern-

stein, 312
Everett (Prof. J. D,, F.R.S,): Wet and Dry Bulb Formulas,

95 ; C.G.S. System of Units, 581
Evolution of Life, or Causes of Change in Animal Forms,
Hubbard VVinslow Mitchell, 364

Evolution of Man, Prof, Ernst Haeckel, 482
Evolution in Methods of Pollination, Miss Alice Carter, 596
Ewart (Prof. Cossar) on Scottish Zoology, 87 ; the Lateral

Sense-Organs of Elasmobranchs, 239 ; the Cranial Nerves of

Man and Selachians, 527
Ewart (Prof. J. G.), the Electric Organ of the Skate, 451
Examinations in Science, 85
Execution by Electricity, 519
Exhibition in Celebration of Quatercentenary of Discovery of

America, Projected Spanish, 64
Exhibition, the Chicago, Economic British Minerals at, 155 ;

Proposed Indian Bureau Exhibit, 184 ; Proposed U.S. Patent

Office Exhibit in Illustration of Progress of Mechanical Illus-

tration, 207 ; Messrs. Siemens and Halske's Exhibit, Electrical

Engineering, 207 ; Prof. Putnam's Anthropological Exhibit

at, 259
Exhibition, the Coming Crystal Palace Electrical, 64
Exhibition, Electrical, at St. Petersburg, 303
Exhibition of Instruments Relating] to Climatology, Projected,

258
Explorers, Two African, 376
"Extension" Psychology, 76

Eyes, Peculiar, Jas, Shaw, 104; G, K. Gude, 151 ; E. B.

Titchener, 177
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Fabre (M.), Orthochromatic Plates for Astronomical Photo-

graphy, 280

Falconry, a Bibliography of, J. E. Harting, 67
Famine in Russia, Causes of the. Dr. A. Woeikof, 378
Farm Crops, J. Wrightson, 247
Farrington (O. C), Composition of lolite, 510
Fauconnier (M.), New Liquid Compounds of Carbon, Oxygen,
and Chlorine, 306

Fauna, Freshwater, of Sumatra, Java, &c., Prof. Max Weber,
408

Faye (M.), on the Variation in Latitude, 570 ; Photographs of

a part of Cygnus, 624
Fayrer (Sir Joseph, F.R.S.), elected Corresponding Member of

the Royal Academy of Sciences of Lisbon, 585
Featherwork, Surviving Specimens of Ancient Mexican, 66

Fens, the Gradual Extinction of many Species of Lepidoptera
in the. Dr. Wheeler, 567

Ferrel's View of the General Circulation of the Atmosphere,
Prof. W. M. Davis, 357

Ferric Oxychloride, a New Crystalline, 24
Fertilization of the Casuarinacese, 548
Fery (C), a new Spectrometer, 239
Fewkes (J. W.), the Ceremonial Circuit of the- Cardinal Points

among the Tusayan Indians, 546
Fibres, Chinese, 278
Field Geology, Outlines of, . Sir Archibald Geikie, F.R.S.,

Prof. A. H. Green, F.R.S., 97
Field (Eleanor), Chromic Acid, 525
Finland, Meteorology of, 87
Finlay (George), the Working and Management of an English

Railway, 116
Finnish Archaeology, the late Dr. Reinholm, 496
Finn (Frank), a Tortoise inclosed in Ice, 320
Fish and other Animals, a Medium for Preserving the Colours

of, 212
Fish : Destructon of Immature Sea-Fish, Alfred O. Walker,

176 ; Ernest W. L. Holt, 249 ; on the Habits of Ceratodus,
the Lung Fish of Queensland, Prof. Spencer, 425 ; Pilchards,
Matthias Dunn, 511

Fisher (Prof. W. R.), Forestry in America, 6ii
Fisheries of the Great American Lakes, 259 ; Fishing through

the Ice, 280

Fisheries, Scotch, 49
Fison (Rev. Lorimer), on Anthropological Study, 426
Fitch (Walter Hood), Obituary Notice of, 302
Fitzgerald (C), Squirrels in Winter, 136
Fitzgerald (Prof. G. F., F.R.S.), the Driving of Electro-

magnetic Vibrations by Electro-magnetic and Electrostatic

Engines, 358 ;
Value of Useless Studies, 392 ; the Functions

of Universities, 513 ;
M. Poincare and Maxwell, 532

Fitzgerald (Prof. M.), the Flexure of Long Pillars under their

own Weight, 479
Fixation of Free Nitrogen, Results of Experiments at Rotham-

sted on the Question of the. Dr. J. H, Gilbert, F.R.S., 32
Fizeau (M. ), Measurement of Solar Prominences, 422
Flame Coloration. Origin of Prof. Smithell's, 306
Flames, on an Optical Proof of the Existence of Suspended

Matter in. Sir G. Stokes, F.R.S., 133
Flammarion (Camille), Copernic et la Decouverte du Systeme
du Monde, 77

Flett (John S.), the Darwinian Society, 104
Florence, the Sanitary State of, 19

Florida, Opening of a Burial Mound in, C. B. Moore, 567
Flower (William Henry, F.R.S.), the Horse, a Study in Natural

History, 436
Flowers, Travels of a Painter of, 602
Foerste (A. S.), Relationship of Autumn- to Spring-Blossoming

Plants, 478
Foerster (Dr.), New Compounds of Carbonyl Platinum

Chloride and Bromide with Ammonia Derivatives, 236
Fog in London, 1871-90, the Prevalence of, F. J. Brodie, 215

Fogs, Effect of, on Plants grown in the Houses at Kew, W.
Watson, 16

Fogs, Town, and their Effects, S3 ; Dr. W. J. Russell, F.R.S.,
10

Foot as a Prehensile Organ in Hindoos, the, F. Regnault, 192

Footprints, supposed Human, on ^olian Rocks at \yarrnam-
bool, 115

Foote (Prof. A. E.), a New Locality for Meteoric Iron, with a

Preliminary Notice of the Discovery of Diamonds in the Iron,

178

Forbes (Prof. Henry O.): Evidence of a Wing in Dinornis,
257 ; New Extinct Rail, 416 ;

on a Recent Discovery of the

Remains of Extinct Birds in New Zealand, 416 ; Aphanapteryx
in the New Zealand Region, 580

Forel (Prof. F. A.), the Recent Earthquake in Japan, 199
Forestry in America, Prof. W. R. Fisher, 611

Forestry in India, Government, Dr. Ribbentrop, 41
Fossil Birds in the British Museum, Catalogue of, Richard

Lydekker, 33
Fossil Fauna in Central Iowa, C. R. Keyes, 208
Fossil Lepidodendrons, on the Discovery of Two Specimens of,

in the Neighbourhood of Bathurst, New South Wales, W. J.

C. Ross, 424
Fossil Ornithology : Aphanapteryx in the New Zealand Region,

Prof. Henry O. Forbes, 580
Fossil Ungulates, Aberrant, of South America, 608
Fossils recently discovered near Boston, Warren Upham, 622
Foster (Michael), proposed Portrait of, 18

Foster (W.), the Carbon deposited from Gas Flames, 525
Fowler (A.), Telescopic Objectives, 204; the Draper Cata-

logue of Stellar Spectra, 426
Foxes, California, Prof. Edward S. Holden, 8

France : Learned Societies in, 20 ; Les Coquilles Marines des

Cotes de France, A. Locard, 219 ; Earthquake in, 304
Franchimont (M.), Ethylaldoxime, 576
Francis (Gerald B.), Double Orange, 534, 607
Frank (Herr von). Cause of Floating of Particles of Cloud or

Fog, 259
Frankfort International Electrical Exhibition, some Notes on

the, 54, 105
Frankland (Prof. Percy F., F.R.S.), an Elementary Hand-book
on Potable Water, Floyd Davis, 25

Frankland (P. F.), a Pure Fermentation of Mannitol and Dalci-

tol, 383
Fream (Dr. W.), Elements of Agriculture, 388
French (C), Hand-book of the Destructive Insects of Victoria,

246
Freshwater and Terrestrial Fauna of Tasmania, Prof. W. Bald-

win Spencer, 425
Frew (W.), a Pure Fermentation of Mannitol and Dulcitcl, 383
Fridlander (E. D.), a Lecture Experiment in Surface Tension,

463
Friend (Rev. Hilderic), a Rare British Earthworm, 365
Friswell (R. G.), the Action of Dilute Nitric Acid on Coal,

383
Fritz (Dr. Adolf), the Fauna of Yezo, 89

Frog, Discovery of New Species of, in New Jersey, 208

Frogs, a Plague of Small, R. Haig Thomas, 8 ;
Lieutenant B.

A. Muirhead, 30
Fruit Culture, Practical, J. Cheal, 579

Fruit-growers' Conference at Sydney, 420
Function of a University, the, Prof. W. E. Ayrton, F.R.S., 439
Functions of Universities, Prof. Geo. Eras. Fitzgerald, F.R.S.,

513
Fungi, British Edible, M. C. Cooke, 75

Fungi, British : Phycomycetes and Ustilagineae, G. Massee, 411
Furniture Woods, D. Denning, 459
Fuzziness of some Variable Stars, Cuthbert G. Peek, 497

Gadolinia, Molecular Weight of, 237
Gale of November 11, the Severe, Chas. Harding, 181

Game, Big in India, Harold Littledale, 158

Gamgee (John), Superheated Steam, 438
Gases under the Electric^Discharge, Heat Radiation of various

Rarefied Gases, Herr Angstrom, 306
Gases, Experiments on Cause of Emission of Light of. Dr.

Pringsheim, 312
Gases and Vapours, on the Virial Equation for, Prof. P. G.

Tait, 199

Gasparis (Prof. Annibalede), Death and Obituary Notice of, 612

Gauge, Proposed Standard, G. Johnstone Stoney, F.R.S., 598
Gautier (A.), Fixation of Nitrogen by Arable Soils, 192
Gautier (G.), Medical Utilization of Alternating Currents of

High Potential, 456
Gautier (H.), the Direct Combination of Metals with Chlorine

and Bromine, 47
Geikie (Sir Archibald, F.R.S.), Outlines of Field Geology,

Prof. A. H. Green, F.R.S., 97; Volcanic Action in the

British Isles, 398
Gems, Precious Stones and their History, Sources, and Charac-

teristics, Edwin W. Streeter, 531
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Geneva, Temperature Observations at, M. Chaix, 304
Genoa, Botanical International Congress to be held at, in con-

nection with Celebration of Quatercentenary of Discovery of

America by Columbus, 545
Genvresse (M.), New Mode of Synthesizing Tartaric Acid, 472

Geodesy, New Mode of Measurement of Perpignan Base,
General Derrecagaix, 384

Geodetic Bureau of Vienna, the Government and the Inter-

national, 495
Geography : M. Grum-Grzimailo's Journey to Central Asia, 40 ;

Tibet Expedition, General Pevtsoff, 45 ;
the Sierra Leone

Anglo-French Frontier Delimitation Commission, 64 ; Pro-

jected East African Expedition by Dr. Oscar Haumann, 65 ;

Mr. and Mrs. Littledale's Journey across the Pamirs, 90 ; the

Land of the Lamas, William Woodville Rockhill, 98 ;
the

Physical Geology and Geography of Ireland, EHward Hull,

F. R.S., 102; the Ouse, A. J. Taylor, 102; Geographical
Nomenclature, 115 ; Delagoa Bay, Rosa Monteini, 124 ;
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Mason Science College, Birmingham, Report on Educational
Work of, 519

Massee (G.), British Fungi, Phycomycetes and Ustilaginese, 41 1

Massol (G. ), Thermal Data concerning active Malic Acid and
Potassium and Sodium Malates, 167 ; Tartronic Acid and the
Tartronates of Sodium and Potassium, 432 ; the Heats of

Formation of Potassium Carballylates, 456 ; Citric Acid, 504
Mathematics : Prof. Kikuchi's Treatise on Geometry, 20 ;

Loney's Elementary Dynamics, 20
;

" W = M_^," Prof.

Arthur G. Webster, 29 ; an Introduction to the Differential
and Integral Calculus, T. Hugh Miller, 52 ; Lemoine's Two
Problems of Stamps, Prof. Schoute, 72 ; Mechanics for

Beginners, Part I., Rev. J. B. Lock, loi ; Mathematical

Society, 119, 214, 335, 407, 502, 623 ; Bulletin of the New
York Mathematical Society, 124, 341 ; Mathematical
Exercises, A._

T. Richardson, 125 ; the Loci of Singular
Points and Lines occurring in Connection with Theory of
Locus of Ultimate Intersections of a System of Surfaces,
Prof, M, J. M. Hill, 141 ; Prof. D. T, Korteweg on Van der
Waals's Isothermal Equation, 152 ; Equations of Propagation
of Disturbances in Gyrostatically Loaded Media, J. Larmor,
214; Theory of Elastic Wires, A. B. Basset, F.R.S., 215 ;

Harmonic Functions for the Elliptic Cone, E. W. Hobson,
335 ; Theorems relating to a Series of Coaxal Circles, R.

Lachlan, 335 ; Stamp-folding Problem, Prof. Schoute, 335 ;

the Logical Foundations of Applied Mathematical Sciences,
Mr. Dixon, 407 ; Mathematical Analogies between various
Branches of Physics, Prof. Bragg, 423 ;

the Theory of Deter-
minants in the Historical Order of its Development, Thos.

Muir, 481 ; the Simplest Equivalent of a given Optical Path,
Dr. J. Larmor, 502 ; Dualistic Differential Transformations,
E. B. Elliott, F. R.S., 503; Rectification of the Cartesian

Oval, Prof. Greenhill, F.R. S., 503 ; Elementary Mathematical

Astronomy, C. W. C. Barlow and G. H. Bryan, 579 ; Klein's
Modular Functions, F. N. Cole, 597

Mathews (F. E.), o and;8 Modifications of Chlorobenzene Hexa-
chloride, 263

Matignon (M.), Heat of Formation of Hydrazine and Hydrazoic
Acid, 95

Mattieu-Williams (W.), Migration of the Lemming, 294
Maudslay (Alfred P. ), Ancient Civilization of Central America,
617

Maunder (E. W.), Spectrum of Nova Auriga, 616
Maxwell (J. Clerk), Theory of Heat, 222

Maxwell, M. Poincare and, Prof. Geo. Francis Fitzgerald,
F.R.S., 532

Mayall (John), Proposed Fund for the Family of the late, 86

Maycock(W. Perren), a First Book of Electricity and Magnetism,
248

Mayhew's Illustrated Horse Doctor, 27
Measure and Weight, Examination of the Standards of, im-
mured in the Houses of Parliament, 534

Mechanical Engineers, Institution of, 22, 585 ; Annual Meeting,
355, 585

Mechanics, Celestial, Two New Laws of, H. Struve, 70
Mechanics for Beginners, Part L, Rev. J. B. Lock, loi

Mechanics, American Superiority in, Coleman Sellers, 157
Mechanics, Applied, Sheets and Tie-rods Laterally Loaded,

Prof. J. Perry, F. R.S., 192
Mechanics : the Law of Elastic Lengthening, J. O. Thompson,

311 ; the Flexure of Long Pillars under their own Weight,
Prof. M. Fitzgerald, 479

Medical Students, Physiological Chemistry for, F. Charles
Larkin Randle Leigh, 292

Mediterranean, Austrian Government Deep- Sea Exploration in,

518
Medium for Preserving the Colours of Fish and other Animals,

212
Medoc District, the Wines of the, 279
Milk Ferment identical with Kefyr in use in Canada and

United States, C. L. Mix, 471
Meldola (Prof. R., F.R.S.), Photography as a Branch of Tech-

nology, 331 ; Pigments of Lepidoptera, 605
Mendeleeff (D.), the Principles of Chemistry, 529
Mendenhall (T. C), the Use of a Free Pendulum as a Time

Standard, 450
Mental Arithmetic, Clive Cuthbertson, 78 ;

Dr. K. Haas, 198

Mercury Mining in Russia, 305"
Meretrix," Lamarck, 1799, versus "

Cytherea," Lamarck,
1806, C. R. Osten Sacken, 30

Mergui, Tin Mining in, 496
Merope, Measures of the Nebulas near, 352
Merrill (Geo. P.), Stones for Building and Decoration, 222
Merz (Dr.), Lithium Nitride, 307 ; Magnesium Nitride, 280
Meslans (M.), Synthesization of Two New Liquids containing

Fluorine, 547
Metallurgy : Iron Production in United States, Berkley, 65 ;

Production of Pig-iron in United States, John Birkinbine,
208 ;

Value of Metallurgical Science, Prof. Roberts-Austen,

257 ;
Prince Louis Lucien Bonaparte's Collection of Metals,

348 ; Art Metal Work
; Bronze in the London Atmosphere,

Prof. Roberts-Austen, 443 ; Metals at High Temperatures,
Prof. W. C. Roberts- Austen, F.R.S., 534

Meteoric Iron, E. Cohen, E. Weinschenk, 69
Meteoric Iron, a New Locality for, with a Preliminary Notice

of the Discovery of Diamonds in the Iron, Prof. A. E. Foote,

178
Meteorology : 'U.S. Pilot Chart for October, 1891, 38; the

Hydrology of Mitta Mitta, James Stirling, 40 ;
the Climate of

Alta Verapaz (Guatemala), Dr. Sapper, 41 ; Phenomenal
Barometrical Depression (November II, 1891), G. J. Symons,
65 ; Catalogue ofDeutsche Seewarte Library, 65 ; the Magde-
burg Zeitung for 1890, 65 ; Cloud-Observation at Sea, Prof. C,

Abbe, 70 ;
the Weather Bureau of the United States, 86 ;

^leteorology of Finland, 87 ; International Conference of
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Meteorologists at Munich, 87 ;
Electric Self recording Rain-

gauge, W. J. E. Binnie, 95 ;
Wet and Dry Bulb Formulae,

Prof. J. D. Everett, F.R.S., 95 ;
Results of Observations at

Akasso, F. Russell, 95 ;
Atlas of the Meteorology and

Physical Data of the Indian Ocean, lOi ; the Publications of

the Meteorological Department of India, 113 ;
Rainfall and

Thunderstorms of Berlin, 114; Cyclones in Europe, 114; the

Temperature of the Rivers of Central Europe, 114 ; Proposals
for a Co-operative Observation of the So-called Luminous

Clouds, 117; Cyclones in the Arabian Sea, 276; Cyclone
Memoirs of the Arabian Sea, W. L. Dallas, 135 ; the Tides

of the Bay of St. Malo, M. Heurtault, 143 ; the Ammonia in

the Air and Rain of a Tropical Region, Marcano and Muntz,

143 ; Wind Direction, 149 ; Radiation of Upper Clouds
round Barometric Minima, Dr. H. E. Hamberg, 156 ;

Meteorological Observations at Cairo, 1868-88, Dr. J. Hann,
156 ; Meteorological Observations during Balloon Voyages,
Dr. Assmann, 168; the Severe Gale of November 11,

Chas. Harding, 181 ; Mr. E. Engelenburg, the new Director

of the Dutch Observations on Land, 183; Annual Meteoro-

logical Report for Japan (1889), 184 ;
Prof. Hazen's High

Balloon Voyages, 189 ; Meteorology at French Association

at Marseilles, A. L. Rotch, 189 ; Features of Hawaiian

Climate, C. L. Lyons, 190 ; Instructions Meteorologiques,
A. Angot, 196 ; Annals of Meteorological Office of Paris

(1889), 208
;
a Weather Lexicon, Herr Seemann, 208

;
In-

vestigation into Thunderstorms of 1888-89, W. Marriott, 215 ;

the Prevalence of Fog in London, 1871-90, F. J. Brodie,

215 ; Report on the Meteorology of India in 1889, John
Eliot, 217; Report on the Administration of the Meteoro-

logical Department of the Government of India, 217 ; Plan
for Observations to determine Local Distribution and
Altitude of Aurora, 234 ; Temperature Observations made
in 1890 on Eiffel Tower, Angot, 234 ; Meteorological Ob-
servations at San Jose (1889), H. Pittier, 234; Pilot Chart
of North Atlantic Ocean for December 1891, 258 ;

Meteoro-

logical Report for Leeward Islands for 1890, 258 ; Frequency
and Geographical Distribution of heavy Daily Rainfalls in

European Russia, E. Berg, 258 ; Proposed Removal of

Madras Observatory, 258 ; Proposed Construction of numer-
ous fresh Meteorological Observatories in Japan, 258 ; Cause of

Floating of Particles of Cloud and Fog, Herr von Frank, 259 ;

Sun-spots and Air Temperature, 271 ; Harmonic Analysis of

Hourly Observations of Air-temperature and Pressure at

British Observatories, 279 ; the Year's Sunshine in the
British Isles, 1881-90, 279; the Quantity of Sugar produced
in various Plants as a Means of determining the Meteoro-

logical Elements concerned. Abbe Buve, 279 ; new Conden-
sation Hygrometer, Henri Gilbault, 288

;
on the Number of

Dust Particles in the Atmosphere of various Places in Great
Britain and on the Continent, with Remarks on the
Relation between the Amount of Dust and Meteoro-

logical Phenomena, John Aitken, F.R.S., 299; Curves

showing Fluctuations of Temperature and Pressure at

Base and Summit of Mount Washington, 304 ; Temperature
Observations at Geneva, M. Chaix, 304 ; Prof. Wiborgh's
Air-pyrometers, John Crura, 304; Thermometer-Tempera-
ture and Skin-Temperature, M. Vincent, 304 ; Curious
Nocturnal Rosy Sky Light at Berlin, 324 ;

Rainfall Atlas of

Jamaica, Maxwell Hall, 324 ; Evaporation and Condensation,
Baldwin Latham, 335 ; Observations on the Flow of Under-
ground Water, Baldwin Latham, 335 ;

Ammonia in Rain-

water, A. Muntz, 336 ; Presidential Address of M. Janssen to

French Meteorological Society, 350 ; Barometric Gradients,
H. Lasne, 350 ; International Monthly Charts of Mean
Barometric Pressures and Wind Directions, General Greely,
350 ; Ferrel's View of the General Circulation of the Atmo-
sphere, Prof. W. M. Davis, 357 ; Cold Waves, Dr. A.
Woeikof, 357 ; Nacreous Clouds, T. W. Backhouse, 365 ;

Remarkable Display of Aurora Borealis in America, 378 ;

Causes of the Famine in Russia, Dr. A. Woeikof, 378 ; Silver
Thaw at Ben Nevis Observatory, R, C. Mossman, 378 ; the
Mountain Meteorological Stations of the United States, A. L.
Rotch, 403 ; the Blue Hill Meteorological Observatory, 418 ;

Untenability of Atmospheric Hypothesis of Epidemics, Hon.
R. Russell, 431 ; the Origin of Influenza Epidemics, H.
Harries, 431; the Phenological Observations for 1891, E.

Mawley, 431 ; Relationship of Atmospheric Electrical

Phenomena to Terrestrial Magnetism, Dr. Arendt, 432 ;

Observations made in a Captive Balloon, Dr. Assmann, 432 ;

the Service of Roumania, 444 ; the Danish Meteorological In-

stitute and Deutsche Seewarte Daily Synoptic Weather
Charts for North Atlantic Ocean, 444 ; Influence of Total
Solar Eclipse on Air Pressure, Herr Steen, 444 ; the Samoan
Hurricane, Everett Hayden, 461 ; the Magnetic Storcn of

February 13-14, 1892, 493 ; H. Wild, 480 ; the Winter Storms
of Northern India, Henry F, Bianford, F.R.S., 490 ; Atlantic

Weather and its Connection with British Weather, R. H.
Scott, 496; Report of the Meteorological Council, 518;
Cloud Pictures, Dr. Singer, 518 ; Prof. G. Hellmann's Rain-
fall Record Experiments, 545 ; Value of Meteorological
Instruments in Selection of Health Resorts, Dr. C. Theodore

Williams, 551 ; Magnetic Storms, Dr. M. A. Veeder, 557;
Meteorological Council's Issue of Tables of Monthly Means for

Pressure, Temperature.and Rainfall, 567; Research on Extremes
of Temperature in Europe, Dr. Lachmann, 576 ; Dust-Count-

ing on Ben Nevis, Angus Rankin, 582 ; Deutsches Meteoro-

logisches Jahrbuch, 1890, 587 ; the General Circulation of

the Atmosphere, Dr. J. M. Pernter, 593 ; the Meteorological
Station of Naha, Liukiu Islands, Japan, 597 ; Aurora, George
M. Seabroke, 605 ; Arthur Marshall, 605 ; Arthur E. Brown
605 ; the Changefulness of Temperature as an Element of

Climate, 610 ; Royal Meteorological Society, 623 ; Anemo-
meter Comparisons, W. H. Dines, 623 ; Meteorological
Society (see Royal)

Meteors : Fall of Meteorites in Madras, 20 ; the Tonganoxie
Meteorite, by E. H. S. Bailey, 119; a Brilliant Meteor,
Thomas Heath, 295 ; Large Meteor of January 24, 1892,
W. F. Denning, 317

Metschnikoff' (Dr. Elie) : Lemons sur la Pathologie Comparee ,

de rinflammation faites a I'lnstitut Pasteur en Avril et Mai,
1891, Prof. E, Ray Lankester, F.R.S., 505

Mexican Atlatl, 66, 102

Mexican Leatherwork, Surviving Specimens of Ancient, 66
Mexican Shields, Ancient, Zelia Nuttall, 520
Mexico, Northern, Carl Lumholtz's Explorations in, 136
Mexico, Projected Abandonment of Villages near Colina in

Consequence of Activity of Neighbouring Volcano, 158
Mexico, Wild Maize found in, 39
Meyer (Lothar), Outlines of Theoretical Chemistry, Prof. M.
M. Pattison Muir, 601

Meyer (Prof. Victor) : Royal Society Medallist, III; Silent

Combination of Hydrogen and Oxygen, 616

Mica, Use of, at the Chicago Exhibition, 615
Michael (A. D.), Association between Gamasids and Ants, 164
Michelson (A. A.), Measurement of Jupiter's Satellites by

Interference, 160

Michigan Mining School, 88
Micrometic Measurements, on the Influence of Ring and

Disk Blinds in, Dr. Walter Wislicenus, 137

Microscopy : Sir W. J. Sendall's Apparatus for making Accurate

Measurements with Camera Lucida, 46 ; the Leach Lantern

Microscope, W. I, Chadwick, 47 ; Microscopic Structure of

Hard Steel, Behrens, 48 ; Photography Applied to the

Microscope, F, W. Mills, 77 ; the Renal Organs of Certain

Decapod Crustacea, W. F. R. Weldon, 140; Nephridium of

Lumbricus and its Blood-supply, Dr. W. B. Benham, 140 ;

Pelomyxa viridis, Dr. A. G, Bourne, 140 ; the Medusae of

Millepora Murrayi and the Gonophores of AUopora and

Distichopora, Dr. S. J. Hickson, 140 ; the Formation and
Fate of the Primitive Streak in the Frog, Dr. A. Robinson and
R. Assheton, 140 ;

Some Points in Development of Scorpio

fulvipes, M. Laurie, 140 ; the Occurrence of Pseudopodia in

Diatomaceous Genera Melosira and Cyclotella, J. G. Grenfell,

140 ;
the Resolution oi Atnphipleurapellucida,] . W. Gilford,

143 ; a New Form of Mechanical Stage, H. Bernard, 239 ;

Resolution of Podura, Hon. J. G. P. Vereker, 239 ; the late Dr.

Carpenter's Microscope and its Revelations, Seventh Edition

of, by Rev. W. H. Dallinger, F.R.S., Prof. E. Ray Lankester,

F.R.S., 313; Manipulation of the Microscope, Edward
Bausch, 342 ; Wandering Cells in Echinoderms, &c., H. E.

Durham, 450 ; the Excretory Processes in Marine Polyzoa,
S. F. Harmer, 450; the Differentiation of Leprosy and Tubercle

Bacilli, Chas. Slater, 450 ; Onchnesoma Sieenstrupii, A. E.

Shipley, 450 ; Note on a Sieve-like Membrane across Oscula of

a Species of Leucosolenia, E. A. Minchin, 450 ; the Develop-
ment of the Oviduct in the Frog. E. W. MacBride, 450 ; the

Nauplius Eye persisting in some Decapods, Margaret Robinson,

450 ;
a New Genus of Synascidians from Japan, Oka and

Willey, 450 ; Microscopic Structure of Oolitic Iron from

Lorraine, M. Bleicher, 504 ; the Calculable Limit of

Microscopic Vision, Prof. Czapski, 575 ; on the Microscopic
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Structure and Residues Insoluble in Hydrochloric Acid in the

Devonian Limestone of South Devon, Edward Wethered,

597
Migration of the Lemming, F. Howard Collins, 149 ; W.

Duppa Crotch, 199, 294 ;
Prof. Geo. J. Romanes, F.R.S.,

249 ;
W. Mattieu- Williams, 294

Milk, R. Henry Rew on the Statistics of the Production and

Consumption of, in Great Britain, 614
Milk and Diphtheria, Dr. R. Thorne Thome, 123

Milky Way, the Grouping of Stars m the Southern Part of the,

H. C. Russell, F.R.S., 423

Milky Way, New Star in the, Ralph Copeland, 325
Mill (Dr. Hugh R .bert) : The Realm of Nature, 390 ; appointed

Librarian to Royal Geographical Society, 566
Miller (Dr. A. K.), Frangulin, ii., 214
Miller (T. Hugh), an Introduction to the Differential and

Integral Calculus, 52
Mills (F. W.), Photography applied to the Microscope, 77
Milne (Prof. John, F.R.S. ), Seismometry and Engineering in

Relation to the Recent Earthquake in Japan, 127

Mimicry, Topical Selection and, David Syme, 30 ; Dr. Alfred R.

Wallace, 30
Minchin (E. A.), Note on a Sieve-like Membrane across Osoula

of a Species of Leucosolenia, 450
Mineralogy: Mineralogical Society, 19; Boleite, a New

Mineral, 23 ; New Analysis of Uraninite, W. F. Hillebrand,

119; the kuh-i-Nur, Prof. N. Story-Maskelyne, F.R.S., 5,

126; Dr. Valentine Bali, F.R.S., 126; ilie Sillimanite Group
and the Part played by Aluminium in the Silicates, W.
Wernadsky, 141 ;

Economic British Minerals at the

Chicago Exhibition, 155 ; Discovery of Uranium in Swedish
Anthracitic Minerals, Baron Nordenskiold, 209 ;

the Mineral

Wealth of Brazil, 235 ; Microscopic Structure of Oolitic Iron

from Lorraine, M. Bleicher, 504 ; Manganese Nodules in the

Marine Deposits of the Clyde Sea-area, Murray and Irvine,

527 ; the Native Iron of Caiion Diablo, Arizona, M.

Mallard, 575
Mines, Copper, of French Congo, 135
Mines and Mining, a Handy List of Books on, 116

Mines, Royal School of, 257
Mining, Electricity in Relation to, Ernest Scott, 184

Mining, the Michigan School of, 88

Mining in Russia, Mercury, 305
Mining, Tin, in Mergui, 496
Minor Planets, the Elements of the. Dr. Paul Lehmann, 42
Missouri Botanical Garden, Pupils at the, 88
-Mistletoe to its Parent Tree, the Relation of the, Dr. G.

Bonnier, 421

Misunderstanding, a Possible, Thos. H. Blakesley, 441
Mitchell (Hubbard Winslow), Evolution of Life, or Cause of

Change in Animal Forms, 364
Mitchell (J. C), the Lateral Sense-organs of EIasmobranchs,239
Mivart (Dr. St. George, F.R.S.), Implications of Science, 60,

82, 222, 343
Mix (C. L.), Milk-ferment identical with Kefyr in use in

Canada and United States, 471
Model, Wave Motion, F. Cheshire, 347
Moissan (Henri) : Two New Phospho-iodides of Boron, 67 ;

Phosphides of Boron, 136 ; Action of Alkaline Metals on
Boric Acid, 408 ; the Preparation of Amorphous Boron, 421 ;

the Properties of Amorphous Boron, 527 ; Crystallization of

Tetra-iodide of Carbon, 209 ; Colour and Spectrum of Free
Gaseous Fluorine, 260

Molecular Velocity, Relation of Voltaic Electromotive Force

to. Dr. G. Gore, F.R.S., 596
Molecular Weight of Gadolinia, 237
Monck (W. H. S.), Proper Motions of the Stars, 8

Monckton (H. W. ), Gravel South of the Thames, Guildford to

Newbury, 263
Monkeys, Tender Feeling in, Robert Morley, 350
Monteiro (Rosa), Delagoa Bay, its Natives and Natural History,

124
Montelius (Prof.), the Chronology of the Neolithic Age in

Scandinavia and the Bronze Age in the East and Southern

Europe, 39
Moon, a Double, Rose Mary Crawshay, 224
Moon, Eclipse of the, Robert C. Leslie, 53
Moon, Photography of the Eclipsed, 117
Moon, the Recent Eclipse of the, Mrs, R. M. Crawshay, 134
Moon, Secular Acceleration of the, and the Length of the

Sidereal Day, 137

Moore (C. B. ), Opening a Burial Mound in Florida, 567
Moreno (Seiior), Discovery of Aboriginal Skulls in the Argen-

tine, 278
Morgan (C. Lloyd), Animal Sketches, 291

Morgue, the, in Paris, 116

Moritz (E. R.) and G. H. Morris, a Text-book of the Science

of Brewing, 100

Morley (Robert), Tender Feeling in Monkeys, 350
Morris (D.), the Icerya Purchasi at St. Helens, 115
Morris (D.), on the Phenomena concerned in the Production of

Forked and Branched Palms, 598
Morris (G. H. ) and E. R. Moritz, a Text-book of the Science of

Brewing, 100

Morris (Prof.), on Universities in Australia, 426
Morrison (Dr. Joseph), Solar Heat, 589

Moseley (Henry Nottidge, F.R.S.): Death of, 64; Obituary
Notice of. Prof. E. Ray Lankester, F.R.S., 80

Mossman (R, C), Silver Thaw at Ben Nevis Observatory, 378
Moths, Silk producing. Colonel Swinhoe, 38
Moureaux (Th.), Absolute Values of Magnetic Elements on

January i, 1892, 264; Magnetic Perturbation of February

13-14, 1892, 408
Mueller (Baron von), the Protection of Birds in Victoria, 280 ;

Diagnoses of New Papuan Plants, 496
Muir (Prof. M. M. Pattison), Outlines of Theoretical Chemistry,

Lothar Meyer, 601

Muir (Dr. Thomas) : appointed Superintendent-General of Edu-

cation for Cape Colony, 443 ;
the Theory of Determinants in

the Historical Order of its Development, 481
Muirhead (Lieutenant B. A.), a Plague of Frogs, 30
Miiller (Dr.) : on the Telluric Spectrum, 21 ; Photometric Ob-

servations, 90
Miiller (Dr. Fritz), Dismissal of, 156
Miiller (Dr. Hugo, F.R.S.), the Chemistry of Paints and Paint-

ings, A. H. Church, F.R.S., 241

Muller(P. T.), a Study of the Velocity of Decomposition of

Diazo-Compounds by Water, 480
Munro (J.), Heroes of the Telegraph, 5

Muntz (A.), the Ammonia in the Air and Rain of a Tropical

Region, 143 ; Ammonia in Rain- Water, 336
Murchison (Sir Roderick), Centenary of, 398

Murray (D.) on Mr. Lindsay's Expedition in Western Aus-

tralia, 425
Murray (Dr. John), Manganese Nodules in the Marine Deposits

of the Clyde Sea-Area, 527 ; Deep-Sea Deposits, 409

Murray (Dr. T. S.), Electrolysis of Potassium Acetate Solu-

tions, 93
Muscat, Projected Tidal Observatory at, 134
Musical Instruments, the Bow as Origin of Stringed, Dr. E.

B. Tylor, 184
Museum of Natural History, Paris, Reorganization of, 183

Museum, the Science, and the Tate Gallery, 385, 433
Museum, Proposed County, for Bucks, 114
Museums of the Future, G. B. Goode, 421

Museums, Typological, General Pitt-Rivers, 184

Mussel-poisoning in Tierra del Fuego, M. Segers, 134

Mycology : British Edible Fungi, M. C. Cooke, 75

Nachtigal (Gustav), Bust of, 566
Nacreous Clouds, T. W. Backhouse, 365
Naden (Constance), Further Reliques of, 389
Nathorst (Dr. A. G.), Fresh Evidence Concerning the Distri-

bution of Arctic Plants during the Glacial Epoch, 273
National Electric Light Association, Fifteenth Convention of

the, 470
Natural History : Opportunity for a Naturalist, Dr. P. L.

Sclater, F.R.S., 174, 269 ; Reorganization of Paris Museum
of Natural History, 183 ; Natural History of Isolated Ponds,
Clement Reid, 325 ; Obituary Notice of Henry Walter

Bates, Naturalist of the Amazons, 398 ; the Horse, a Study in

Natural History, William Henry Flower, F.R.S., 436;
Natural History Society of Buda Pesth, 471 ; Preference of

certaiii Birds for certain Trees, 471 ;
the Naturalist in La

Plata, W. H. Hudson, Dr. Alfred R. Wallace, 553; the

Gradual Extinction of many Species of Lepidoptera in the

Fens, 567
Natural Science, 421, 521
Natural Science to Art, on the Relation of, Prof. E. du Bois-

Reymond, F.R.S., 200, 224; W. Ainslie HoUis, 319
Natural Waters, the Salts in, 78; F. H. Perry Coste, 1 76;

Robert B. Hayward, F.R.S., 176
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Nature, L'Electricite dans la, Georges Dary, 460
Nature, La Place de rHomme dans la, T. H. Huxley, 197

Nature, Man in, Paul Topinard, 457
Nature, Man's Place in. Prof. N. S. Shaler, 220

Nature, the Realm of, Hugh Robert Mill, 390
Nature Teachings, Cyclopjedia of, H. Macmillan, 248

Navajo Indians, Weaving as practised by the. Dr. Shufeldt, 260

Naval Architects, Institution of, 570
Nebulae, some Apparently Variable, Lewis Swift, 261

Nebulae near Merope, Measures of the, 352
Nebulae and Star Clusters, Observations of, M. Bigourdan,

352
Nebulas, Variability of. Dr. Lewis Swift, 522
Neesen (Prof.), Measurements of Latent Heats of Evaporation

by means of a Condensation Calorimeter, 456
Negreano (D.), Variation, with Temperature, of Dielectric

Constant of Liquids, 408
Neolithic Age in Scandinavia, Chronology of the. Prof.

Montelius, 39

Nephrite Axe found at Ohlau, Silesia, the. Dr. O. Schoetensack,

379
Neptune, the Discovery of. Prof. Holden, 522
New Forest Bill, the, H. Goss, 295
New Forest in Danger, the, Herbert Goss, 343
New Fragments, John Tyndall, F.R. S., 508
New Guinea, British, J. P. Thomson on Recent Explorations

and Discoveries in, 425
New Guinea, Geology of, R. L. Jack, 209
New South Wales : the Acclimatization of the Avocado Pear

in, F. Turner, 66 ; Scientific and Technical Education in,

88 ; Tea Culture in, W. T. Robertson, 260
New York Mathematical Society, 124; Bulletin of the, 341
New York and Philadelphia, Proposed Ship Canal between.

Prof. L. M. Haupt, 497
New York Scientific Alliance, the, 544
New York State, Earthquake in, 259
New Zealand Alps, with Axe and Rope in the, Geo. Ed. Man-

nering. Prof. T. G. Bonney, F. R. S., 147
New Zealand, on a Recent Discovery of the Remains of Extinct

Birds in. Prof. Henry O. Forbes, 416
New Zealand Region, Aphanapteryx in the. Prof. Henry O.

Forbes, 580
Newcomb (Prof.), Periodic Perturbations of the Four Inner

Planets, 548; N.P.D.'s observed with Greenwich and

Washington Transit Circles, 548
Newton (Prof. Alfred, F.R.S.), Ornithology of the Sandwich

Isles, 465, 532
Newton (Prof. H. A.), Capture of Comets by Planets, 186

Nicaragua, Earthquake in, 471
Nicholson (A. C), High-level Glacial Grounds near Oswestry,

165
Nickel Heat Engine, W. B. Croft, 392 ; Rev. Frederick J.

Smith, 464
Nile, Reported Discovery of Ultimate Source of, 154
Nitrogen, Results of Experiments at Rothamsted on the
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Projectiles, Calculation of Trajectories of Elongated, Rev. F.

Bashforth, 473
Propagation of Induced Magnetism in Iron, some Experiments
made with the view of ascertaining the Rate of, Fred. T.
Trouton, 42

Pseudopodes of Diatoms, Alleged, Alf W. Bennett, 177
Psychology : a Short Account of the Human Mind, F. S.

Granger, 76
Psychology, Experimental, 234
Psychology as a Science in the United States, the Study of, C.
W. Scripture, 568

Ptomaines Extracted from Urine in some Infectious Maladies,
A. B. Griffiths, 72

Pullinger(W.), Platinum Tetrachloride, 551
Puma, the, F. W. Tree, 445
Pupin (Dr. M. I.), on the Action of Vacuum Discharge

Streamers upon each other, 622
Putnam's (Prof.) Anthropological Exhibit at Chicago Exhibition

259

Quantitative Chemical Analysis, Frank Clowes and J. Bernard
Coleman, 578

Quarterly Journal of Microscopical Science, 140, 450
Quaternions as a Practical Instrument of Physical Research

A. McAuley, 423

Quatrefages (Prof, de). Death and Obituary Notice of, 278;
Proposed Monument to, 612

Queensland : Oyster Culture in, Saville-Kent, 66 ; on the
Habits of Ceratodus, the Lung Fish of, Prof. Spencer, 425 ;

Depredations of the Great Bower Bird in, 588

Race, the Manchu, 523
Radiant Points, Displacement of. Dr. J. Kleiber, 570
Rail, New Extinct, Prof. Henry O. Forbes, 416
Railway, New, from Upminster to Romford, Essex, T. V.
Holmes, 151

Railways, English, the Working and Management of, ir6
Rainbows, Supernumerary, observed in the Orkneys, Robt. H.

Scott, F.R.S., 223 ; M. Spence, 223
Rainfall Experiments, Prof. G. Hellmann's Recent, 545
Ramsay (Sir Andrew Crombie), Obituary Notice of, 151
Ramsay (E. P.), Ethnological Purchases for the Australian
Museum, Sydney, 324

Ramsay (W.), Pedetic Motion in Relation to Colloidal Solu-
tions, 429

Rankin (Angus), Dust Counting on Ben Nevis, 582
Raoult (M.), Determination of the Freezing Point of very

Dilute Solutions, as Applied to Cane Sugar, 384
Rare Phenomenon, a, Alexander Graham Bell, 79
Rathay (Dr.), the Ants attracted by Cynips calycis, a Protec-

tion to Qucrcus pedtinculata, 546
Ratzel (Friedrich), Anthropogeographie, 557
Rayet (G.), the Temporary Star in Auriga, 408
Rayleigh (Right Hon. Lord, F.R.S.) : on the Virialof a System

of Hard Colliding Bodies, 80 ; Experiments in Aerodyna-
mics, 108 ; Superheated Steam, 375 ; Heat Engines and
Saline Solutions, 438, 510 ; Aberration, 499

Reade (T. M.), Drift Beds of North and Mid Wales Coast.
525

Realm of Nature, the, Hugh Robert Mill, 390
Reboul (E.), Butylene Monobromides, 47
Recollections of a Happy Life, being the Autobiography of
Marianne North, 602

Records of the Australian Museum, 421
Recoura (A.), a Green Solid Chromic Sulphate, 192
Recreation, Polytechnics and. Miss E. Cons, 28
Red Light after Sunset, Dr. M. A. Veeder, 30
Red Spot on Jupiter, W. F. Denning, 272
Reflection, on Selective and Metallic, A. B. Basset, F R S

119
*'

Refractive Power of Cometary Matter, E. E. Barnard, 237
Refrigerating Machinery : Prof. Pictet's Laboratory at Berlin

Prof. R. du Bois-Reymond, 31
Regelation, the Theory of, H. Le Chatelier, 288
Regnault (F.), the Foot as a Prehensile Organ in Hindoos,

192
Reid (Clement), Natural History of Isolated Ponds, 325 ; the

Pleistocene Deposits of the Sussex Coasts, 454
Reinholm, the late Dr., 496
Relation of Natural Science to Art, on the, W. Ainslie HoUis,

319
Religion, Savage, the Limits of. Dr. Tylor, 71
Reliques of Constance Naden, Further, 389
Renard (Rev. A. F.), Deep-sea Deposits, 409
Respiratory Centres, on the Physiology of, Dr. Alf. Bienfait,
624

Reviews and Our Book Shelf :
—

Electricity and Magnetism, translated from the French of
Ameclee Guillemin, Revised and Edited by Silvanus P.

Thompson, F.R.S., Prof. A. Gray, i

Die indo-malayische Strandflora, A. F. W. Schimper, 3
Ueber die Mangrove-Vegetation im malayischen Archipel,

G. Karsten (Bibliotheca Botanica, Heft 22), W. Botting
Hemsley, F.R.S., 3

Principles of Political Economy and Taxation, David Ricardo,4
Photographic Pastimes, a Hand-book for Amateurs, Hermann

Schnauss, 5
On Surrey Hills, by a Son of the Marshes, 5
Heroes of the Telegraph, J. Munro, 5
An Elementary Hand-book on Potable Water, Floyd Davis,
M.Sc, Ph.D., Prof. Percy F. Frankland, F.R.S., 25

The Intra-cranial Circulation and its Relation to the Physio-
logy of the Brain, James Cappie, M.D., 26

Physiography, Elementary Stage, J. Spencer, 27
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Mayhew's Illustrated Horse Doctor, Revised and Improved,

James Irvine Lupton, 27

Handleiding tot de Kennis der Flora van Nederlandsch Indie,

Dr. J. G. Boerlage, 28

By Seashore, Wood, and Moorland, Peeps at Nature, Edward

Step, 28
The Ninth Annual Report of the Fishery Board for Scotland,

being for the Year 1890, 49
Catalogue of Mammalia in the Indian Museum, Calcutta,

W. L. Sclater, 50
A Text-book of Chemical Physiology and Pathology, W. H.

Halliburton, Dr. E. H. Starling, 51
Practisches Taschenbuch der Photographie, Dr. E. Vogel, 51
An Introduction to the Differential and Integral Calculus,

J. Hugh Miller, 52
Star Groups, J. Ellard Gore, 52
The Universal Atlas, 52
La Transcaucasie et la Peninsule d'Apcheron, Calouste S.

Gulbenkian, 52
How to Organize a Cruise on the Broads, E. R. Suffling, 52
The Electro-magnet and Electro-magnetic Mechanism, S. P.

Thompson, F.R.S., Prof. A. Gray, 73
British Edible Fungi, how to Distinguish and how to Cook

them, M. C. Cooke, 75

Psychology : a Short Account of the Human Mind, F. S.

Granger, M, A., 76
Arithmetical Exercises in Chemistry, Leonard Dobbin, Ph.D.,

with Preface by Prof. Crum Brown, 76
The Colliery Manager's Hand-book, Caleb Pamely, 77

Photography Applied to the Microscope, F. W. Mills, 77

Copernic et la Decouverte du Systeme du Monde, Camille

Flammarion, 77
Annals of British Geology, 1890, J. F. Blake, 77
Outlines of Field Geology, Sir Archibald Geikie, F. R.S., 97
The Land of the Lamas, Notes of a Journey through China,

Mongolia, and Tibet, William Woodville Rockhill, 98
A Text-book of the Science of Brewing, E. R. Moritz and

G. H. Morris, 100
Fresh Light on the Dynamic Action and Ponderosity of

Matter,
"
Waterdale," 100

Indischer Ozean : Ein Atlas die physikalischen Verhaltnisse
und die Verkehrs-Strassen darstellend, loi

Mechanics for Beginners, Part I., Dynamics and Statics,
Rev. J. B. Lock, loi

The Physical Geology and Geography of Ireland, Edward
Hull, F.R.S., 102

The Ouse, A. J. Foster, M.A., 102
A Theoretical and Practical Treatise on the Manufacture of

Sulphuric Acid and Alkali, George Lunge—Vol. I., Sul-

phuric Acid, Prof. T. E. Thorpe, F.R.S., I2i
The Alkali Maker's Hand-book, George Lunge, Ph.D., and

F. Hurter, Prof. T. E. Thorpe, F.R.S., 121

Diphtheria, its Natural History and Prevention, R. Thorne
Thorne, F.R.S., 123

Bulletin of the New York Mathematical Society, a Historical
and Critical Review of Mathematical Science, 124

Delagoa Bay, its Natives and Natural History, Rosa
Monteiro, 124

A Hand-book of Industrial Organic Chemistry, Samuel P.

Sadtler, 125
Progressive Mathematical Exercises, A. T. Richardson, 125
Text-book of Comparative Anatomy, Arnold Lang, Prof. E.

Ray Lankester, F.R.S., 145
Lehrbuch der Vergleichenden Entwickelungsgeschichte der

Wirbellosen Thiere, Dr. E. Korschelt und Dr. K. Heider,
Prof. E. Ray Lankester, F.R.S., 145

The Artillery of the Future and the New Powders, James
Atkinson Longridge, 146

The Skeleton of the Irish Giant Cornelius Magrath, Dr. D. J.

Cunningham, F.R. S., 147
With Axe and Rope in the New Zealand Alps, George
Edward Manning, Prof. T. G. Bonney, F.R.S., 147

Manual of the Science of Religion, P. D. Chantpie de la

Saussaye, translated by Beatrice S. Colyer Fergusson,
148

Euclid's Elements of Geometry, Book XL, A. E. Layng, 149
Illustrations of the Flora of Japan, to serve as an Atlas to the

Nippon- Shokubutsushi, Tomitaro Makino, 149
About Ceylon and Borneo, Walter J. Clutterbuck, 149
Revisio Genera Plantarum Vascularium omnium, atque
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Cellularium multarum, secundum Leges Nomenclaturse

Internationales, cum Enumeratione Plantarum in Itinere

Mundi coUectarum, Dr. Otto Kuntze, 169
Thermodynamics of the Steam Engine and other Heat

Engines, C. H. Peabody, 172
An Account of British Flies (Diptera), Hon. M. Cordelia

E. Leigh and F. V. Theobald, 173
Principles of Agriculture, R. P. Wright, 173

Elementary Trigonometry, J. M. Dyer and Rev. R. H.

Whitcombe, 174
Solutions, W. Ostwald, translated by M. M. Pattison Muir,

193
Colour-blindness and Colour-perception, F. W. Edridge

Green, 195
Instructions Meteorologiques, A. Angot, 196
Chambers's Encyclopaedia, Vol. VIII., 196
La Place de 1'Homme dans la Nature, Prof. T. H. Huxley,

F.R.S., 197
Report on the Meteorology of India in 1889, John Eliot, 217
Reports on the Administration of the Meteorological Depart-
ment of the Government of India, 1885-91, 217

Les Coquilles Marines des Cotes de France, Description des

Families et Especes, A. Locard, 219
Nature and Man in North America, N. S. Shaler, 220
Stones for Building and Decoration, George P. Merrill, 222
Les Champignons, A. Acloque, 222

Theory of Heat, J. Clerk Maxwell, 222
The Chemistry of Paints and Painting, A. H. Church,

F.R.S., Dr. HugoMiiUer, F.R.S., 241

Thermodynamique, H. Poincare, 245
Hand-book of the Destructive Insects of Victoria, C. P'rench,

246
Farm Crops, John Wrightson, 247
Arithmetic for Schools, Charles Smith, 247
Journeys in Persia and Kurdistan, Mrs. Bishop (Isabella L. .

Bird), 248
A First Book of Electricity and Magnetism, W. Perren May-

cock, 248
A Cyclopaedia of Nature Teachings, Hugh Macmillan, 248
My Personal Experiences in Equatorial Africa as Medical

Officer of the Emin Pasha Relief Expedition, T. H. Parke,

265
An Introduction to the Theory of Value, William Smart, 268
Across Tibet, Gabriel Bonvalot, translated by C. B. Pitman,

269
Light, Sir Henry Trueman Wood, 269
The Cause of an Ice Age, Sir Robert Ball, Prof. G. H. Dar-

win, F.R.S., 289
Animal Sketches, C. Lloyd Morgan, 291
Outlines of Practical Physiological Chemistry, F. C. Larkin
and Randle Leigh, 292

Problems in Chemical Arithmetic, E. J. Cox, 293
The Microscope and its Revelations, the late Dr. Carpenter's,

Seventh Edition by Rev. W. H. Dalliger, F.R.S., Prof. E.

Ray Lankester, F.R. S., 313
Elementary Thermodynamics, J. Parker, 314
The Century Dictionary, an Encyclopaedic Lexicon of the

English Language, William Dwight W^hitney, Ph.D.,
LL.D., 316

List of the Snakes in the Indian Museum, W. L. Sclater, 317
The Living World, Whence it Came and Whither it is Drift-

ing, H. W. Conn, 317
Adventures amidst the Equatorial Forests and Rivers of South

America, also in the West Indies and the Wilds of Florida,
Villiers Stuart, 317

Catalogue of Scientific Papers compiled by the Royal Society
of London, 338

How to Use the Aneroid Barometer, Edward Whymper, 339
An Introduction to Human Physiology, Augustus D. Waller,

340
_

Bulletin of the New York Mathematical Society, 341
Guide to the Examinations in Chemistry, W. Jerome Harri-

son, 342
Manipulation of the Microscope, Edward Bausch, 342
Harrow Birds, G. E. H. Barrett- Hamilton, 342
Collection de Memoires relatifs a la Physique, La Societe

Fran9aise de Physique, Prof. J. J. Thomson, F.R.S., 361
Sul Regime delle Spiagge, e sulla Regolazione dei Porti,

Signor P. Cornaglia, 362
Egypt under the Pharaohs, H. Brugsch-Bey, M. Brodrick, 363
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The Story of the Hills, a Popular Account of Mountains, and
how they were made, Rev. H. ]N'. Hutchinson, 364

The Optics of Photography and Photographic Lenses, J.

Traill Taylor, 364
The Evolution of Life, or Causes of Change in Animal Forms,
Hubbard Winslow Mitchell, M.D., 364

Manual of Chemical Technoloaiy, Rudolf von Wagner, trans-

lated by William Crookes, F. R.S., 386
Elements of Agriculture, W. Fream, 388
Further Reliques of Constance Naden, George M. McCrie,

389
The Realm of Nature, Hugh Robert Mill. 390
Grasses of the South-West, Dr. George Vasey, 390
Sporting Sketches in South America, Admiral Kennedy,

390
Report on the Scientific Results of the Voyage of H.M.S.

Challenger in 1873-76, prepared by the late Sir Wyville
Thomson, F.R.S., and John Murray, Prof. J. W. Judd,
F.R.S., 409

British Fungi, Phycomycetes and Ustilaginese, G. Massee,
411

A Treatise on the Geometry of the Circle and some Exten-
sions to Conic Sections by the Method of Reciprocation,
W.J. M'Clelland, M.A., 412

Kalm's Account of his Visit to England on his Way to

America in 1748, translated by Joseph Lucas, 412
CEuvres Completes de Christiaan Huygens, A. M. Gierke,

434
The Horse, a Study in Natural History, William Henry

Flower, C.B., F.R.S., 436
A System of Sight-Singing from the Established Musical

Notation, based on the Principle of Tonic Relation, Sedley
Taylor, 437

The Statesman's Year-book for the Year 1892, J. Scott

Keltie, 437
The Optical Lantern as an Aid in Teaching, C. H. Botham-

ley, 437
L'Homme dans la Nature, par Paul Topinard, 457
The Art and Craft of Cabinet Making, D. Denning, 459
L'lilectricite dans la Nature, Georges Dary, 460
The First Book of Euclid's Elements, Rev. J. B. Lock, 460
The Ilford Manual of Photography, C. H. Bothamley, 460
The Advanced Class-book of Modern Geography, William

Hughes and J. Francon Williams, 460
The Theory of Determinants in the Historical Order of its

Development, Thomas Muir, 481
Anthropogenic, oder Entwickelungsgeschichte des Menschen,

Prof. Ernst Haeckcl, 482
Philosophical Notes on Botanical Subjects, E. Bonavia, 483
The Zoological Record for 1890, Frank E. Beddard, 483
Le9ons sur la Pathologic comparee de I'lnflammation faites a

rinstitut Pasteur en Avril et Mai, 1891, :^lie Metschnikoff,
Prof. E, Ray Lankester F. R.S., 505

Travels in Africa during the Years 1879-83, Dr. Wilhelm
Junker, translated by A. H. Keane, 507

My Second Journey through Equatorial Africa, Hermann von
Wissmann, translated from the German by Minna J. A.
Bergmann, 507

New Fragments, John Tyndall, F.R.S., 508A Treatise on Chemistry, Sir H. E. Roscoe, F.R.S., and C.

Schorlemmer, F. R. S., 509
The Oak, a Popular Introduction to Forest Botany, H.

Marshall Ward, F.R.S., 509
The Elements of Plane Trigonometry, R. Levett and C,

Davison, 509
Les Fleurs a Paris, Culture et Commerce, Philippe L. de

Vilmorin, 510
Health Springs of Germany and Austria, F. O. Buckland,
510

The Principles of Chemistry, D. Mendeleeff, translated from
the Russian by George Kamensky, and edited by A. J.

Greenaway, 529
A Treatise on the Ligation of the Great Arteries in Con-

tinuity with Observations on the Nature, Progress, and
Treatment of Aneurism, C. A. Ballance and Walter
Edmunds, Dr. M. Armand-Ruffer, 530

Precious Stones and Gems, their History, Sources, and
Characteristics, Edwin W. Streeter, 531

Air and Water, Vivian B. Lewes, Professor of Chemistry at

Royal Naval College, Greenwich, 531
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The Naturalist in La Plata, W. H. Hudson, Dr. Alfred R.
Wallace, 553

A Study of Influenza and the Laws of England concerning
Infectious Diseases, Richard Sisley, 556

Arthropogeographie, Zweiter Theil, Die Geographische Ver-

breitung des Menschen, Freidrich Ratzel, 557
Within an Hour of London Town, among Wild Birds and

their Haunts, by a Son of the Marshes, edited by J. A.

Owen, 557
Mission Scientifique de Cap Horn, tome vii.. Anthropo-

logic, Ethnographic, P. Hyades et J. Deniker, 577
Quantitative Chemical Analysis, Frank Clowes and J. Bernard

Coleman, 578
Elementary Mathematical Astronomy, C. W. C. Barlow and

G. H. Bryan, 579
Practical Fruit Culture, J. Cheal, 579
Blowpipe Analysis, J. Landauer, edited by James Taylor,

580
Outlines of Theoretical Chemistry, Lothar Meyer, translated

by P. Phillips Bedson and W. Carleton Williams, Prof. M.
Pattison Muir, 601

Recollections of a Happy Life, being the Autobiography of

Marianne North, edited by Mrs. John Addington Symonds,
602

Our Trees, John Robinson, 603
Synopsis of Non-Metallic Chemistry, William Briggs, 604
Chemical Calculations, R, Lloyd Whiteley, with Preface by

Prof. E, Clowes, 604
The Year-book of Science, edited by Prof. T. G. Bonney,
F.R.S., 604

Handy Atlas of Modern Geography, 605
Rew (R. Henry), on the Statistics of the Production and Con-

sumption of Milk in Great Britain, 614

Reynolds (J. E.), Silver Compounds of Thiourea, 383

Ribbentrop (Dr.), Government Forestry in India, 41
Ricardo (David), Principles of Political Economy and Taxa-

tion, 4
Ricco (A.), Earthquakes at Pantelleria, 120; Account of the

Submarine Eruption North-west of Pantelleria, October 1891,
Abstract of ditto, G. W. Butler, 584

Richardson (A. T.), Mathematical Exercises, 125
Richardson (Dr. B. W., F.R.S. ), New Year's Address to

Sanitary Inspectors' Association, 234
Richet (Prof.), Death of, 258
Richet (Ch.), the Tubercular Vaccination of the Dog, 576

Rigg (Gilbert), Ice Crystals, 319
Riley (Dr. C. V.), a New Herbarium Pest, 235

Ring and Disk Blinds in Micrometic Measurements, on the

Influence of, Herr Dr. Walter Wislicenus, 137

Rings, Atmospheric, Dr. Sprung, 599
Rivers of Central Europe, the Temperature of, 114
Roberts (Thomas), Death and Obituary Notice of, 303
Roberts-Austen (Prof., F.R.S.) : the Report to the Alloys

Research Committee of the Institution of Mechanical

Engineers, 22
;
Value of Metallurgical Science, 257 ;

Bronze

in the London Atmosphere, 443 ;
Metals at High Tempera-

ture, 534
Robertson (W. T.), Tea-culture in New South Wales, 260

Robinson (Dr. A.) the Formation and Fate of the Primitive

Streak in the Frog, 140
Robinson (John), Our Trees, 603
Robinson (Margaret), the Nauplius Eye persisting in some

Decapods, 450
Rochester Academy of Sciences, U.S., 588
Rockhill (William Woodville), the Land of the Lamas, 98
Rocks collected by M. Lopatin on the Podkamennaya
Tunguska, 597

Rodger (J. W.), Theory of Solutions, 342, 487
Roemer (the late Ferdinand), Proposed Memorial of, 322

Rogers (Fred. J.), Magnesium as a Source of Light, 622

Rolling of Ships, 559
Romanes (Prof. Geo. J., F.R.S.), Migration of the Lemming,

249
Rome (Province), Earthquakes in, 304
Roscoe (Sir H. E., F.R.S.) : Action of Water-Gas on Iron, 92 j

a Treatise on Chemistry, 509

Rosenberg (Dr.), Assimilation of Diet investigated in a Dog
Working on a Treadmill, 599

Ross (Alexander), Journey to Head Waters of Ecayali, Central

Peru, 519
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Ross (W. J. C), on the Discovery of Two Specimens of Fossil

Lepidodendrons in the Neighbourhood of Bathurst, New
South Wales, and the Inferences to be drawn from their

Occurrence, 424
Rossiter (E. C), Sulphochloride of Isomeric Dibromonaph-

thalene, 263 ; Action of Alcohols on Sulphonic Chlorides as

Means of producing Ethereal Salts of Sulphonic Acids, 263 ;

Action of Bromine on Mixture of Ortho- and Paranitro-a-

Acenaphthalide, 263
Rotation of Jupiter, W. F. Denning, 473
Rotation of Venus, Herr Loschardt, 210
Rotch (A. L.), Meteorology of French Association at Mar-

seilles, 189 ; the Mountain Meteorological Stations of the

United States, 403
Rothamsted, Results of Experiments at, on the Question of the

Fixation of Free Nitrogen, Dr. J. H. Gilbert, F.R.S., 32
Rothney (E. A. J.), Two Species of Indian Ants, 454
Roumania, the Meteorological Service of, 444
Rousseau (G. ), Manganates of Potash, 288

Roy (Prof., F.R.S.), Contributions to the Physiology and

Pathology of the Mammalian Heart, 451
Royal Academy of Sciences of Lisbon, Sir Joseph Fayrer,

F. R. S., elected Corresponding Member of, 585
Royal College of Physicians, Sir Andrew Clark elected (fifth

time) President, 566
Royal Geographical Society, 183 ; Appointment of Mr. J. S.

Keltic to the Assistant- Secretaryship in room of late Mr. H.
W. Bates, 402 ; Dr. H. R. Mill appointed Librarian to, 566

Royal Institution, Lectures at the, 155, 586
Royal Meteorological Society, 95, 215, 335, 431, 551, 623
Royal Microscopical Society, 46, 143, 165, 239, 311, 479, 574
Royal Military Academy, Science at the, 563
Royal Scottish Geographical Society, Branch established in

London, 544
Royal Society, 37, 141, 162, 190, 212, 311, 357, 381, 407, 429,

45i» 549. 573; Anniversary Meeting, no; Sir William
Thomson's Anniversary Address, no; Medallists, III;
Officers and Council, 112; Catalogue of Scientific Papers,
338

Royal Society of New South Wales, 95 ; Prizes Offered by,

443 ;
Award of Clarke Memorial Medal to Mr. W. T.

Thiselton-Dyer, 495
Royal Statistical Society, R. Henry Rew on the Statistics of the

Production and Consumption of Milk in Great Britain, 614
Rubens (Dr.): New Method of Determining Dispersion and

Refraction in Ultra-Violet Rays, 48 ; the Dispersion of the
Ultra-Red Rays, 576

Rubi, Alpine, T. D. A. Cockerell, 320
Riicker (Prof., F.R.S.): Royal Society Medallist, in ; Speech

at the Royal Society Dinner, 112
RufTer (Dr. M. Armand), a Treatise on the Ligation of the

Great Arteries in Continuity, with Observations on the

Nature, Progress, and Treatment of Aneurism, Charles A.
Ballance and Walter Edmunds,, 530

Rugby School Natural History Society, 520
Runge(Prof. C), on the Line Spectra of the Elements, 607
Russell (F.) Results of Meteorological Observations at Akassa,

95
Russell(H. C, F.R.S.), the Grouping of Stars in the Southern

Part of the Milky Way, 423
Russell (H. L.), the Effect of Mechanical Movement on the
Growth of Certain Plants, 478

Russell (Prof. Israel C.) : Cirques, 317 ; Geographical Position
of Mount St. Elias, 472

Russell (J. S. R.), the Abductor and Adductor Fibres of the
Recurrent Laryngeal Nerve, 573

Russell (Lucy J.), Bedford College and the Gresham University,

391
Russell (Hon. Rollo), Untenability of Atmospheric Hypothesis

of Epidemics, 431
Russell (Dr. W. J., F.R.S.) : Town Fogs and their Effects, 10 ;

Bedford College and the Gresham University, 391
Russia : the Grain Production of, Borkovsky, 67 ; Russian

Geographical Society, 92 ; Awards, 444 ; European, Fre-

quency and Geographical Distribution of Heavy Daily
Rainfall in Russia, E. Berg, 258 ; Mercury Mining in, 305 ;

Causes of the Famine in, Dr. A. Woeikof, 378 ;
Russian Pre-

historic Antiquities, the Slavonians of the First Centuries of

our Era, Prof. Samokvasoff, 547 ; Sunflower Cultivation in

Southern Russia, 568
Rust Fungus in Wheat, 615

Rusting of Iron, A. Liversidge, F.R.S., on the, 424.
Rutherfurd's Photographs, Catalogue of, 21

Sabatier (Paul), Sulphides and Selenides of Boron and Silicon

Selenide, 41
Sacken (C. R. Osten), Meretrix, Lamarck 1799, versus Cytherea,

Lamarck 1806, 30
Sadtler (Samuel P.), a Hand-book of Industrial Organic

Chemistry, 125
Saffard (Truman), on the Observation of North Polar Stars in

the Vertical of Polaris, 159
St. Malo Bay, the Tides of, M. Heurtault, 143
St. Petersburg Electrical Exhibition, 303
St. Thomas's Hospital, Lectures on Systematic Botany at, 586
Saline Solutions, Heat Engines and. Lord Rayleigh, F. R.S.,

438, 510
Salmon Industry in British Columbia, 279
Salt Lake of Aalia Paakai, A. B. Lyons, 29
Salts in Natural Waters, 78 ; F. H. Perry Coste, 176 ; Robert

B. Hay ward, F.R.S., 176
Samoan Cyclone of March 16, 1889, 161

Samoan Hurricane, Everett Hayden, 461
Samokvasoff (Prof.) the Slavonians of the First Centuries of our

Era, 547
Sanderson (Prof. J. BurJon, F.R.S. ), Obituary Notice of Sir

William Bowman, 564
Sandwich Islands, Mr. R. C. L. Perkins Selected to Investigate

the Zoology of the, 322
Sandwich Isles, Ornithology of the. Prof. Alfred Newton,
F.R.S., 465, 532 ; Albert F. Calvert, 485, 558 ; J. E.

Harting, 532
Sanitary Conference, International, 233

Sanitary Engineering, C. Napier Bell on, 426
Sanitary Inspectors' Association, New Year's Address, Dr. B.

W. Richardson, F.R.S., 234
Sanitation in Schools, 185

Sapper (Dr.), the Climate of Alta Verapaz, 41

Sardine, Growth of the Pilchard or. Prof. J . T. Cunningham,
255

Sardinia, the Nurhagi of. Dr. Ermling, 114
Sarro Savages, Arrow-Poison of, Laborde and Rondeau, 278
Saussaye (P. D. Chantpie de la). Manual of the Science of
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ELECTRICITY AND MAGNETISM.

Electricity and Magnetistn. Translated from the French

of Amddee Guillemin. Revised and Edited by Silvanus

P. Thompson, D.Sc, F. R.S. (London: Macmillan

and Co., 1891.)

THIS
work is an English translation of M. Amcdee

Guillemin's popular treatise of electricity. We
are informed, in the preface, that the translation has been

in great part executed by Mr. Colman C. Starling and

Prof. Walmsley, under the editorship of Dr. Silvanus P.

Thompson. It is a splendidly illustrated and beautifully

got-up book, designed, so the editor says, rather for the

'table of the drawing-room than for the desk of the

student.

We doubt whether, in fashionable drawing-rooms at

any rate, scientific curiosity exists to any great extent ;

but now that large houses are very frequently lighted
with electricity there may be a minority of people who
are willing to spend any spare time left over from more

absorbing drawing-room occupations in learning some-

thing of how the light is produced and of other applica-
tions of electricity. For such a public the present work
seems exceedingly well adapted. It is popularly and

attractively written, so far as a translation from a

foreign tongue, supplemented, and to some extent cor-

rected, by editorial paragraphs, can well be
;

it is pro-

fusely illustrated, and comprehensive to an extent which
has made the book almost too bulky for convenient

perusal.

Still, the remnant of people by whom popular scientific

treatises such as this are welcomed, though numerous in

itself, is, alas, only a very small minority of that great
and influential section of the British public who are

brought directly into contact every hour of their lives

with the wonderful practical results of the progress of

science. The great majority converse through tele-

phones, consult their watches, and send telegrams, and
know no more than a Hottentot does how a telephone
acts, a watch goes, or a telegraph message is transmitted.
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The book is divided into two parts, dealing respectively
with phenomena and their laws, and practical applica-
tions

; or, speaking briefly, theory and practice. In the

theoretical part, magnetism is first treated, then electricity,

in the order statical electricity, electro-chemistry, and

electro-magnetism. In the practical part are comprised

telegraphy and telephony, electric lighting and trans-

mission of power, and a number of minor, but in them-
selves important, applications, such as clockwork-driving
and regulation, electricity in warfare, and electroplating.
Of the treatment of these subjects we can give here only
the merest sketch, noting as we do so a few points in

which the book seems to call for modification or im-

provement in a new edition.

The theoretical part begins with a brief account of the

natural history of magnetism, then passes to a discussion

of the polar theory of magnetism, starting with the notion

of Thales that a magnet had a soul, and ending with the

experiments of Coulomb and their results. An excellent

description of Coulomb's torsion-balance experiments is

given, and then follow the methods devised by Coulomb
and Jamin for the determination of the distribution of

magnetism in magnets. It is hardly correct to say, as is

done on p. 33, that Coulomb's method " enabled him to

study the distribution of magnetism in magnets ; that is

to say, how the magnetism at the surface varies along the

magnet between one end and the other." Apart from

the objection that the field at any point external to the

surface of the bar depends really upon the whole distribu-

tion of magnetism, and not merely on that supposed to be

near the point, and the further objection (which also does

not seem to be stated here) that the vibrating needle itself

affects the magnetization of the mignet, it is quite certain

that this method, like others devised for the same purpose,
cannot be made to give any definite information except
as to the surface-distribution of magnetism, which, as

Gauss showed, can be made to replace the magnet so far

as the external field is concerned. By none of these

methods can any information whatever be obtained as to

the actual magnetization of a bar of finite cross-section.

It would have been well also if the editor had here

appended a note as to the essential inaccuracy of Jamin's
method " of placing on the point that we wish to study a

B
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small contact-piece of soft iron, and of measuring by
means of a graduated spring that gradually extended, the

force requisite to detaah the iron," and given a description
of the much more satisfactory method adopted by Row-
land and others.

After a chapter on methods of magnetization, in which
all the ancient and now discarded methods of " touch "

are described, we have an excellent popular discussion of

terrestrial magnetism, ending with a splendidly illustrated

account of auroras. The introduction of the subject of

auroras at this point is justified on the ground that they
are electrical phenomena connected with the magnetism
of the earth, and a sketch is given of the various theories

which have been proposed.

Passing now to the subject of electricity, we have
the same wealth of illustration, though many of the

smaller cuts, like some of those in the section on mag-
netism, are old familiar friends. Electrical machines
are described, from Otto Guericke's down to Wimshurst's.

Nothing impresses us as more indicative of the enormous
advance of electrical science in recent times than a com-

parison of Plates V. and XIII. of this book. The former,
a well-known picture, represents an electrical machine

"according to the model in fashion about 1754"; the

latter, a large Edison steam-dynamo. In the former a

bevy of ladies and gentlemen in the costume of last

century are grouped round a sulphur ball machine, which
a gentleman in powdered wig and ruffles is vigorously

turning by means of a crank attached to a large and much
ornamented driving-wheel of wood. Evidently we have
here "

electricity in the drawing-room," as practised
in the middle of last century. On the other plate
we see a large modern steam-engine, in all its

array of steam-pipes, balanced cranks, and connect-

ing-rods, resting on a massive bed-plate of iron

bolted to a base of masonry, and driving an enormous

dynamo. The somewhat dilettante group of men and
women have disappeared, and in their place stands a

typical Yankee engineer, oil-can in hand, and coatless,

intently regarding the bearings of the engine. Here there

is no unnecessary ornamentation, no suggestion of elegant

trifling, everything is sternly suggestive of work and

nothing else. Nevertheless, in the contrast, the real

dignity and beauty is with the present, not with the past ;

with modern science in the laboratory, the workshop, or

the factory ; with work carried on in the deepest earnest,
with plain duty-doing, irrespective of sensation or ap-

plause.

Next comes an account of batteries, which (like several

other parts of the book) we think might very well have

been lightened by ignoring old and obsolete pieces of

apparatus ; after that, we have a discussion of the pro-
duction of electric currents. In a book of this size, in

which a considerable amount of space is devoted to things

relatively unimportant, the subject of electrolysis might
have been more fully treated

;
for example, there are

matters connected with electrolytic theories to which,
since such a theory as that of Clausius is introduced,

a few pages might very well have been devoted. The
absolute measurement of currents by means of electrolysis

from the known electro-chemical equivalents of different

substances is not referred to
; indeed, an electro-chemical

equivalent does not seem to be anywhere defined. But
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what strikes one as strange indeed is that in the chapter
on thermo-electricity Peltier's name is only mentioned in

connection with an illustration showing what is called

his
"
thermo-electric pince." Not a word is said on the

subject of the Peltier effect, or the Thomson effect, not to

speak of tha bearing of these on thermo-electric theory !

Again, no mention appears to be made of any form of

secondary cell except that of Plantd : surely some of the

modern forms now so largely in use in practice for electric

lighting, traction, &c., might have been figured and

described.

The next section of theory, electro-magnetism, has three

chapters devoted to it. The main phenomena are well

described, and excellently illustrated by diagrams. Here
the only forms of tangent and sine galvanometer figured

are those of Pouillet (one of these (p. 337) has an

enormous needle). Some of the splendid instruments

which have been made for absolute measurements (for

example, Fitzgerald's tangent galvanometer) ought surely

to find a place in a work like the present, published as it

is at a time when currents, &c., are no longer measured
in arbitrary units, and their determinations are as far as

possible divested of errors arising from instrumental

peculiarities and accidents of place. A definition might
also have been given here of the electro-magnetic unit of

current, with some indication, where the constant of a

galvanometer is referred to, of how it is possible to

measure currents in absolute units, and the importance
in this respect of electro-magnetic instruments, the con-

stants of which can be determined from their dimensions

and arrangement. At p. 333 a current of so many amperes
is referred to as producing a certain force at the needle,

but we have not anywhere, so far as we have been able

to discover, a definition of an ampere.
The following passage (p. 369) apparently quoted from

Faraday's
"
Researches," was at first sight rather startling :

" In this state of circumstance(s) the force of the electro-

magnet was developed by sending an electric current

through its coils, and immediately the image of the lamp-

flame continued magnetic^^ It is almost needless to say

that a reference to the " Researches " showed that the

copyist had dropped out a line from Faraday's account

of the actual phenomenon, which was not exactly that

asserted in the quotation. After " flame "
supply the

words " became visible, and continued so as long as the

arrangement."
The second part of the book is most excellent. All

applications of electricity of any importance are fully

described, and magnificent cuts, without stint, illustrate

in the clearest manner the marvellous and complex con-

trivances and arrangements now in use in the various

systems of telegraphy and telephony, electric lighting,

&c., &c. Full-page plates of the illumination of Tunis

by the search-lights of the French fleet, the electric light

in use in the erection of a great Parisian magasin, the

head-light of a locomotive illuminating the track, the

interior of one of the Paris forts during the siege, and

other subjects, serve to show the great part now played

by electricity in all branches of industry and the arts,

even including warfare, slow as that is in some respects

to profit by the latest results of scientific invention. No
book could form a more attractive and useful present for

a boy with a taste for mechanics and practical electrical
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science, and it is sure to be no less popular among olJer

people who appreciate a sound and easy guide to the

mysteries of practical electricity.

In taking leave of this work, we have only to say, what

has already been indicated above, that an extension of

the editorial remarks, and their absorption into the general
current of the text, with consequent re-writing of some

of the chapters, would render it more homogeneous, and

throughout more in accordance with the electrical spirit

of the age. Still, the clearness of its arrangement and

style more than compensate for the disadvantages

necessarily attending an edited English edition of a

foreign scientific treatise, however popular. As a whole,
it reflects credit on all concerned—translators, editor,

and publishers alike. Its publication may even do some-

thing towards arousing an interest in electricity in circles,

even in this proverbially practical country, where the

light of science can hardly be said to have yet penetrated.
A. Gray.

BIOLOGY OF SEASIDE PLANTS.
Die indo-inalayiscke Strandjlora. Von A. F. W.

Schimper. Mit 7 Textfiguren, einer Karte, und 7

Tafeln. (Jena : Gustav Fischer, 1891.)

Ueber die Mangrove- Vegetation tin inalayischen Archi-

pel. Von G. Karsten. Bibliotheca Botanica, Heft 22.

(Cassel : Theodor Fischer, 1891.)
'

I
""HESE two essays are exceedingly interesting con-

J- tributions to our knowledge of plant life on tropical

sea-shores. They partly cover the same ground, partly

supplement each other, and to some extent review and
summarize the work of previous observers. Schimper
treats of the salt-loving plants of the sea-shore generally,
whilst Karsten's investigations are limited to the purely

mangrove vegetation. Karsten also enters more fully

into the formation of seeds—that is to say, into the de-

velopment of the embryo-sac, the endosperm, and the

embryo ; and he follows up their germination and

subsequent growth.
But the object of this notice is to give some general

idea of the subject rather than a critical exposition of the

writings of the authors named, for they are the first at-

tempts at a connected description of the vegetation of

tropical sea-shores.

The mangrove
^
vegetation

—that is, the vegetation of the

tidal forests—exhibits comparatively little variety, though
the components belong to several different natural orders.

P^irst come the Rhizophoreae—genera Rhizophora (both
in the Old World and in America), Bruguiera, Ceriops,
and Kandelia

; Combretacea.^— Lumnitzera (Laguncularia
in America); Lythracese—Sonneratia ; Meliaceai—Carapa

The word mangrove looks quite English, but it appears to be a corruption
or modification oi mangro or vinngto, the name commonly applied, accord-
ing to Rutnpf (1750), and B!ume {Museum Botanicum. i. p. 132), in Dutch
Guiana \.o Rhizophora Mangle. Hjwever, it was employed in its present
form by IJampier, SI jane, and oth-r writers of the seventeenth century, and

^^ now applied to a number of diflfarent trees and shrubs that institute
outermost fringe of vegetation on tropical coasts. It is also used to

>i,'nate these shrubs and trees c jllectively. Ma.itgi-iux'i«-i is the gensric
term in the Malay Islands for these tree; and shrubs, and the different kinds
are distinguished by affixes. In Brazil, Rhizophora Mantrlc is called mangle
and manque ; and in P.mam^, on the authority of S;emiiiii (' Die Volks-
n linen der amerikanischen Pflanzin"), the former name is current with
various qualify.ni affixes. In Grisebach's list of col mial nimes of plants
( F'ora of the British West Indian Islands," p. 785). we fini ma:igrovj
\Rhizophora mangle); black m.v\%(cn£{Avicennianitida); white mmgrove
KLiguncularia racemosa) ; and Zaragozi mangr>vj {Conocarpus enctiis).
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{Carapa gia'aneftsis, a native of tropical America and

west tropical Africa, does not appear to inhabit the tidal

forests); Myrsineae
—
^giceras; Rubiaceae—Scyphiphora;

Verbenaceae—Avicennia (both in the Old World and in

America) ; Acanthaceae—Acanthus ilicifolius ;
Palmae—

Nipa fruticans.
The foregoing are the principal and widely-spread

trees and shrubs of the mangrove girdle of muddy
tropical shores

;
but this list might be largely augmented

if we included those forming the tidal forests of the Bay
of Bengal, and similar situations. Thus, in the Sunder-

bun, as Mr. C. B. Clarke informs me, the Sundra tree

{Heritiera Fomes) abounds to such an extent that a rail-

way is almost entirely devoted to carrying the wood to

Calcutta, of which city it is the fire-wood. Among other

common trees and shrubs are Hibiscus tiliaceus, Sapin-
dus Dannra, Dalbergia jnonospenna, Derris uliginasa,

Oxystebna esculentum, Dolichandrone Rheedei, Premna

integrifolia, Clerodendron inenne, Pandani, Phoenix

paludosa, and Cocos nticifera. Mr. Clarke further informs

me that the milk of the coco-nut in the Sunderbun is

so salt as to be undrinkable. This is a very remarkable

fact, and scarcely in harmony with the observations of

Schimper, Karsten, and others, so far as mangrove plants
are concerned generally.

In this connection it may be mentioned that mangrove
plants have mostly very thick leaves, with few, very

deeply seated stomata, so that transpiration is reduced

to as low a minimum as in true xerophytes. As it is

obvious that transpiration is not checked in halophytes
because of a lack of water, it must be accounted for in

some other way ; and, as it has been found that the

accumulation of salt in the tissues of the leaves beyond a

certain quantity, varying in different plants, prevents the

formation of starch and glucose, it is assumed that it is

of a protective character ; that, in short, smallness ol

transpiration means smallness of absorption, and thus

no more salt is taken into the tissues of the plant than it

is capable of assimilating. The correctness of this view

is strongly supported by the fact that mangroves, grown
in soil free, or practically free, from chloride of sodium,

develop foliage of less substance, furnished with a

larger number of stomata.

Turning to another phase in the life-history of man-

groves
—

namely, reproduction
—we find special provisions,

suitable to the exceptional conditions, to insure the pro-

pagation of the species. Most of the members of the

Rhizophoreae, for instance, are, in a sense, viviparous
—

that is to siy, the seed germinates on the parent plant.

Only one ovule is developed, the rest being aborted ;

and when the seed is ripe, the radicle, or primary root,

grows through the apex of the fruit, assuming a slender

club-shaped form, with the centre of gravity nearest the

organic base, so that, when it eventually separates from

the parent, it falls in such a manner that the radicle

penetrates the mud, and usually sufficiently to withstand

the ebb and flow of the water. The size and length of

the viviparous radicle varies considerably in different

genera, and even in different species, of the same genus,

attaining its greatest development in Rhizophora mucro-

nata, the forepost of the Asiatic mangroves, and perhaps
the only one that sometimes grows where the soil is

always submerged. In this the viviparous radicle is
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usually from twenty to twenty-four inches long, and

occasionally as much as forty ; and it is capable of

growing even should it fall where it is wholly under

water in the early stage of its further development.
When the young plantlet is ready to separate from the

parent, the aperture made by the growing radicle is

sufficiently large to allow the inclosed or apical end
to slip out, leaving the empty fruit still attached to the

branch. And when this happens, there is a fully-formed
leaf-bud at the top, from which the stem is developed.
The primary root does not grow much after falling, but

stout secondary roots are thrown out from this axis,

successively, one above the other
;
and as they assume

an arched form, and are produced in all directions, the

plant becomes very firmly fixed. The American Rhizo-

phora Mangle is verj^ closely allied to the Asiatic and
African R. mucronata; but whereas there is only one

genus and one species of the order in the New World,
there are several in the Old.

Singular to say, the only herbaceous plant of the

Asiatic mangroves, Acanthus ilicifolius^ is su[ ported by
similar stilt-roots. Most of the other trees and shrubs of

the mangrove vegetation have horizontal roots, often of

enormous length and strength, and some of them produce
the so-called knee-roots in great abundance. These
roots grow out of the ground, at an angle of about 45*^,

to a height of a foot or two, or perhaps more, and
return to the ground at about the same angle, forming an

anchor-like attachment. But their function is not merely
to hold the plant. They are abundantly furnished with

lenticels, through which the interchange of gases takes

place
—at least, such is the opinion of several eminent

physiologists. Indeed, Karsten designates them breath-

ing roots. Schimper figures negative geotropic roots of

Avicennia tomentosa, which grow quite erect, from a

thicker horizontal root, to a height of about a foot, and are

either undivided or forked, and taper to a point. They
are thickly studded with lenticels, as are the stilt-roots of

Rhizophora. Another modification of root-production is

exhibited by some of the mangrove-trees. Like Rhizo-

phora, they produce aerial roots
; but, instead of their

remaining free, they eventually grow to the stem and

outwards, forming plate-like buttresses.

Many other interesting facts might be extracted from
the papers cited ; but enough has been said to give an
idea of the nature and value of their contents.

W. BoTTiNG Hems LEY.

RICARDO'S ''POLITICAL ECONOMY."
Principles of Political Economy and Taxation. By David

Ricardo. Edited, with Introductory Essay, Notes, and

Appendices, by E. C. K. Conner, M.A., Lecturer on

Economic Science, University College, Liverpool.

(London : Ceorge Bell and Sons, 1891.)

I'^HIS
edition of Ricardo's "

Principles
"
will be found

useful to students of political economy. In addition

to a large number of footnotes, the editor contributes an

introductory essay of forty pages, and two short ap-

pendices
—

(i) on Ricardo and his critics, (2) on the effect

upon rent of improvements in the fertility of land. The

introductory essay gives a general account and brief

critical estimate of Ricardo's work. It is characterized
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by judicial moderation and impartiality ; and many am-

biguities and obscurities, due to the defects of Ricardo's

style, are cleared away. Naturally, the abstract theory
of value is treated first

;
and here the editor acknow-

ledges that Ricardo did not attach sufficient importance
to the influence of demand in determining value. But,
on the serious question of the relation of capital to labour,
he hardly seems to make Ricardo's position clear. He
says (p. xxxix.) :

—
" Of course, the mere fact that capital is subject to

such replacements enables us to assert that, in the long
run, there is a tendency to some equality of reward be-
tween indirect labour {i.e. labour embodied in capital)
and direct labour. Thus in a somewhat abstract and
general way we may renew our previous statement that

commodities exchange in the ratio of their cost of

production."

This passage, in which the editor concludes his general
criticism of Ricardo's theory of cost of production, appears
to involve the very fallacy that some Sociahsts have

committed in their reasonings based on Ricardo. For it

suggests their doctrine that capital is nothing but labour

applied indirectly to production. Now Ricardo most

explicitly avoided this fallacy. He wrote (p. 27) :
—

"On account of the time which must elapse before one
set of commodities can be brought to market, they will

be valuable, not exactly in proportion to the quantity of

labour bestowed on them, . . . but something more to

compensate for the greater length of time which must

elapse before the most valuable can be brought to

market."

In short, Ricardo distinctly points out that an additional

value arises when the same quantum of labour is extended

over a larger period of lime.

On the question of the distribution of reward between

capital and labour, the editor remarks (p. xxxviii.) :
—

" The two great agents in production
—labour and

capital
—so divide total value between them that an

increase in the value obtained by the one implies a

diminution in the share of value falling to the other."

This apparently harmless truism is elaborated with

painful prolixity. But the form in which Ricardo ap-

plied it was always "Profits depend on wages"— never
"
Wages depend on profits." With Ricardo, profits were

the residue of production remaining over and above the

value of the standard of comfort ;
and he did not enter

too closely into the question of the forces determining

variations in this standard. This crucial error shows

itself throughout all Ricardo's reasonings
—

notably in

his theory of taxation.

In Appendix B, the treatment of the effects upon rent

of improvements in the fertility of land is very unsatis-

factory. The editor says that Ricardo made two assump-
tions—one implicitly and the other explicitly. But if he

had properly interpreted the assumption explicitly made,
he would have seen that the other was unnecessary.

Ricardo explains quite clearly that the contemplated

improvement is assumed not to disturb
" the difference

between the productive powers of the successive portions

of capital." The editor most gratuitously interprets dif-

ference to mean ratio, in the face of the fact that all

Ricardo's illustrations assume constancy of difference,

not constancy of ratio. Now Prof. Marshall has shown
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that, with Ricardo's premiss, his conclusion is absolutely
correct without any further assumption. If, on the other

hand, we adopt constancy of ratio (instead of constancy
of difference)

—which was Mill's (not Ricardo's) supposi-
tion—then some further assumption must be made in

order to demonstrate that improvement in fertility pro-
rluces diminution of rent. In proving this point, the

editor uses an unnecessarily complicated piece of mathe-
jnatical reasoning.
Without further dwelling on these defects, it is only

necessary to say that the explanatory footnotes are every-
where extremely helpful, and that the frequent references

to Ricardo's "
Letters to Malthus "

will be found espe-

cially useful in further elucidating the great economist's

doclrines. \V. E. J.

OUR BOOK SHELF.

Photographic Pastimes: a Hand-book for Amateurs.
By Hermann Schnauss. Translated from the Second
German Edition. (London : Iliffe and Son, 1891.)

Many and varied are the effects that can be produced
with the aid of the camera, and the present work gives a

plain and popular account of the methods that have been
adopted in producing them. The five chapters are

headed, respectively
—

specialities, curiosities, photo-
graphy by peculiar arrangements, photographic optical
entertainments, and entertainments with photographic
prints.

In carrying out the experiments contained under the
first two headings, amateurs will find their time fully oc-

cupied, while the novel effects that can be obtained will

afford both instruction and amusement. With reference
to taking pictures by moonlight, we can quite agree with
the author when he says that "

if the moon is included
in the picture, its track will make a straight band of light
nearly half-way across the photograph, which, besides
the peculiar illumination of the landscape, gives a tnost
characteristic effect!' The characteristic effect, we should

think, would be very decided.
An excellent and easy method of producing ghosts,

which may prove useful to amateurs, and which is not

wholly described in this book, is as follows :

—The ghost
consists of a person completely covered over with a sheet,
the latter being so adjusted as to give a dim outline of
the head

; when in position, a short exposure of about
half an inch of magnesium is given : then, as soon after-

wards as possible, without moving anything with the

exception of the ghost (which now is no longer required),
another exposure is made, by means of a magnesium flash

light, of the other figures that are required for the picture.
In this manner excellent results have been obtained, the

pattern on the wall appearing through the ghost, giving it

quite a realistic appearance.
In these and the remaining chapters, descriptions of

many novelties too numerous to mention are given, of
which the following may serve as types— caricature,
composite, and pin-hole photographs, statuary portraits,

kaleidoscopic and stroboscopic pictures, &c.

Altogether, amateurs will find in this hand-book much
that will occupy them during the winter months, when
out door photography is more or less at a standstill.

On Surrey Hills. By a " Son of the Marshes." (Edin-
burgh and London : W. Blackwood and Sons, i8gi.)

The Surrey hills are so well known that an ordinary
writer would find it hard to say anything fresh about them.
The " Son of the Marshes," however, has an exception-
ally good power of observation, and even familiar facts he
is able to present in a way that seems to give them new
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vitality. In all his books he is especially interesting in

passages dealing with the habits of animals, and there
are many such passages in the present volume. No
secondhand information is offered

; the author tells us

only of things which he himself has had opportunities of

noting. Most of the chapters have already appeared in
Blackwood's Magazijie, but many who read them there
will be glad to possess them in their present form. The
manuscripts of the

" Son of the Marshes "
have, as usual,

been edited by Mr. J. A. Owen, who does not say precisely
how much his editorial work includes.

Heroes of the Telegraph By J. Munro. (London :

Religious Tract Society, 1891.)

The author of this book desires that it shall be regarded
as in some respects a sequel to his volume on " Pioneers
of Electricity." He begins with a short account of the

origin of the telegraph, and then sketches the lives and
principal achievements of those discoverers and inventors
to whom we owe the electric telegraph and the telephone—Charles Wheatstone, Samuel Morse, Sir William
Thomson, Sir William Siemens, Fleeming Jenkin, J. P.

Reis, Graham Bell, Thomas Alva Edison, and D. E.

Hughes. In an appendix, Mr. Munro gives brief accounts
of various other investigators whose names are intimately
connected with his subject. He has a plain, straight-
forward style, and the book will give much pleasure to

young readers who take interest in the practical applica-
tions of science.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return^ or to correspond with the tvriters of, rejected

manuscripts intendedfor this or any other part of YiK'WS.v..

No notice is taken of anonymous communications.
"[

The Koh-i-Nur.

Dr. Ball, in his reply (Nature, vol. xliv. p. 592) to my
criticisms on his

"
true history

"
of the Koh-i-Nur, feels aggrieved

that I
" smite him in season and out of season," and considers

me in the light of a partisan for doing so. I can assure him
that my criticisms were absolutely impersonal, as I have never,
to my knowledge, seen him in my life, and bear no kind of ill-

natured feeling towards him
; indeed, I said whatever I was

able honestly to do in favour of his work. But of course, where
I considered his arguments to be groundless or illogical, I met
them. If he has read into my remarks an asperity I did not
desire to impart to them, surely he should blame himself some-
what for the style of his attacks on those who went before him,
and of whom I have shown that they knew not less, but more,
of the subject than he did himself.

I have pleasure in withdrawing my expression of an accusal i.in
that Prof. H. H. Wilson was one of those against whom Dr.
Ball threw out a sneer in relation to the earlier history and
traditions attaching to the Koh-i-Nur. I supposed that, as

he has laboured to make his knowledge of the authorities

on the subject complete, he would certainly have known what
was of common knowledge at the time as to the author-

ship of by far the most interesting notice ever penned on
the Koh-i-Nur. But that was long ago. It was that notice,

however, that brought me into such contact as I have had with

the subject. As a young Professor at Oxford, I had the honour
of knowing the great master of Sanskrit and of Indian lore :

and as I had been interested in Indian history I ventured to

approach him now some thirty-five or thirty-six years ago on
the subject of the values assigned by him to certain weights
referred to in his article. I drew his attention to Babar's valua-

tion of the mishkal in ratis, and I further pointed out the prob-

ability of the retention by Shah Jahan of the Mogul diamondin
his captivity. lie received my suggestions in the kindest spirit,

and offered me every help in further inquiry ; and at the East

India Company's Library he placed all the documents before me.
I shall not weary your readers with thrashing out and rpain

winnowing the various statements involved in this controvcipy.
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I could say more about the Garcias-De Boot matter, but I am
satisfied with having shown that it was not Dr. Ball, but Mr.

King, who, fwenty-five years ago, explained the misprints in

De Hoot, and declared the very great improbability of the 140

mangelin diamond of Garcias, estimated by De Boot at a weight
of 187 J carats, not being the Koh-i-Nur. Dr. Ball alludes to

inaccurate figures in Mr. King's treatise. That Mr. King was

inaccurate, was hasty, no one knows better than I. Nor did

any of his many warm friends lament more than I did the unhappy
infliction of advancing blindness which explains so much of the

former demerit, as no one admired more than I the boy-like
enthusiasm whicn often gilded in his imagination what seemed
to others metal of a less precious order than gold. He had a

splendid memory, and he trusted too much to it in drawing out
from it, rather than throwing on his impaired eyesight, the veri-

fying the records of his enormous reading and varied knowledge.
I had controversies with him over a thousand subjects, but while
he kept singularly isolated, and let no one come between him
and his printer, he never resented a friend's criticism or difference

from him.

As regards the scene before the throne of Aurungzebe, it can

never, perhaps, be determined whether the view first put for-

ward by Prof. H. \\. Wilson, that Ta vernier weighed the

diamond, but with weights and scales supplied by Akil Khan
its custodian, is the correct one ; or the view I have held—
namely, that Tavernier's account of the transaction given in his

tenth chapter was barely compatible with his having weighed
the stone, as he asserts he did in the twenty-second chapter of
his book, which was avowedly a retrospective one written long
afterwards, and near the end of his life. That 1 have reason for

adhering by preference to the latter view is confirmed by what Dr.
Ball himself says of another passage referring to the Great Mogul
diamond. Dr. Ball condemns the passage as "in part spurious if

not altogether so, . . . as the statements are in contradiction
with others made elsewhere in the

'

Travels' ; and there is the

strongest reason for attributing them to an erroneous editorial

interpretation, and not to Tavernier himself." The delinquent
he supposes to have been a M. Samuel Chappuzeau, the reputed
editor of Tavernier's works.
As a fact, the travelled Frenchman seems to have been a

person somewhat illiterate, as he had to call in extraneous aid
in putting his memoirs into shape. He must be supposed to
have picked up some colloquial Persian, but otherwise seems
to have been dependent on interpreters throughout his travels.

The treatment Chappuzeau received during a year of editorial
service at the hands of Tavernier and his wife is recounted

by Dr. Ball as a sort of "mortification, if not martyrdom."
Chappuzeau appears to have described the notes of the traveller,
on which he had to depend, as a chaos, and to have attributed
the only written part of them to the penmanship of one Father
Gabriel. I think I am justified, then, in asking whether the
account of the weighing in the later chapter may not have been
an editorial afterthought ; but whether it were so or was historical,
in the sense assigned to it by Prof. Wilson, really very little

affects the question.
The logical issue of this discussion is involved in the accept-

ance of one of two alternatives, the one a series of astounding
coincidences and improbabilities, the other one of simple prob-
abilities. Garcias saw a diamond weighing 140 mangelins ;

Le Cluze estimated its weight at 700 apothecary grains (= 573 '8

grains troy, or 180 carats). De Boot assigned to it a weight of

i87i carats. The Koh-i-Nur weighed 589^ grains, or 186 carats.

Misinterpreting a note of Le Cluze, Dr. Ball throws scorn on
this having anything to do with the Koh-i-Nur.

Tavernier sees a diamond to which a weight is assigned of

319-5 rati-. Babar's diamond (the Koh-i-Nur) weighed 8

tnishkals, or 320 ratis, equivalent to about 186 carats. Dr.oBall

says this diamond was that known as the Great Mogul, that it

is the Queen's Koh-i-Nur, but that it was whittled down by
necessitous princes— to find them, in fact, in pocket-money

—
from 280 carats to 589^ grains, or 186 carats, the identical

weight of Babar's diamond and of the Koh-i-Nur. Dr. Ball

finally declares the Darya-i Nur to have this same weight of

186 carats.

In opposition to this impossible recurrence of coincidences I

have endeavoured to show that the stone Garcias saw may have
been the Koh-i-Nur, that the one Tavernier handled was in all

probability
— I believe was certainly

—the Koh-i-Nur. I say there

is no evidence whatever of the Koh-i-Nur having been whittled
down by cleavage, accidental or intentional

;
that its form in 1851

was more probably its original form rudely facetted (and I think,

perhaps, I may not be without a mineralogist's experience when
I say this) ; I further say that the Darya-i-Nur is undoubtedly
the " Golconda table

" diamond.

Finally, I assert the probability that the Great Mogul, un-

whittled down and entire, is in the jewel chamber of the Shah of

Persia to this day.
Of the great diamond which I would identify with this stone

I append a tracing, in which it is seen in its carcanet of ruby-
enamel. In the original drawing it is accompanied to right and
left by two large diamonds, similarly girdled ; while, above and

below, is a row of three enormous rubies encircled by emerald-

enamel. Ten pearls above and ten below, some of them \ of an
inch in diameter, form a fringe to this gorgeous oinament. It

Fig. I.— Great Mogul.

is, however, only on6 half of a cylindrical cap the correspond-

ing half of which is its counterpart in splendour and wealth of

stones, only the Darya-i-Nur is in, that other half, the central

ornament.
I leave the great stone to speak for itself in the tracing, and

I furthermore for comparison give a tracing from a drawing of

the Koh-i-Nur, taken from a somewhat similar point of view—that is to say, looking down on it.

That the Koh-i-Nur was valued beyond these greater stones

I believe to have been in consequence of its being the reputed
talisman of Indian empire. It was probably that last relic

of his treasure surrendered by the miserable Muhammad Shah
when he exchanged ca])s with Nadir, and the conqueror saluted

this most historic of his spoils by the name it has since borne—

NO. I 149, VOL. 45]

Fig. 2.—Koh-i-Nur.

the Koh-i-Nur. It was certainly the diamond that Shah Rukh,
after yielding up all his wealth of jewellery, held to through every
torture till he gave it to Ahmad Shah. Shah Zaman carried it

to his prison, and secreted it in a crevice ; whence Shah Shuja
recovered it on information from his blinded brother.

Shah Shuja again clung to the old talisman not less fiercely
than those who had preceded him, till he surrendered it to

Runjit Singh under pressure which amounted to compulsion ;

and memorable was the answer of Shah Shuja to Fakeer Nur-

ud-din, who had been sent by Runjit to ask in what its value

consisted. It is "good luck," said Shah Shuja,
"

for he who
has possessed it has done so by overpowering his enemies."

I have put, I hope clearly, to my readers, the alternative and
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co»iflicting interpretations of the portion of the accounts of the
Koh-i-nur from Babar's time onward. There are still some

interesting questions of a difficult kind regarding its history
antecedent to the days of the Mogul Empire. But I believe I

have said now my last word regarding the later history, and
leave to my readers the decision as to the side in this little

controversy on which the truth is more likely to lie.

N. Story Maskelyne.
Basset Down House, October 26.

A Rare Phenomenon.

Auroras were visible at Lyons, New York, on September
9, 10, and II. That on September 9 was very fine, flickering
streamers and arches forming at intervals from 8 o'clock to 10

o'clock, p.m. A peculiar feature of this aurora was an arch
similar to that described in Nature of September 17 (vol. xliv.

p. 475 )j ii'» having been seen by Mr. Tuck well at Loughrigg,
Ambleside, on September 11. The arch seen at Lyons on

September 9 was visible shortly after sunset, and remained in

the same position throughout the evening. It consisted of a

narrow band of light, which arose vertically from a point on the

horizon nearly due west, and passed through the constellations

of the Northern Crown and the Lyre, and just south of the

zenith down to the eastern horizon. When it was brightest, at

about 10 p.m., a few small streamers formed in connection with
it nearly in the zenith ; otherwise it consisted simply of a narrow
band of white light separated by a wide interval from the

nuroral coruscations and streamers in the northern heavens.

This seems to have been very similar to the band seen by Mr.
Tuckwell. Other instances have been noted by the writer in

which some peculiarity of form or colour characteristic of an
outbreak of the aurora has attended its appearance in localities

remote from each other. M. A. Veeder.

Lyons, N.Y., October 17.

Two instances of the occurrence of the rare phenomenon
referred to in your issue of September 24 (vol. xliv. p. 494),

by Prof. K. Copeland and Mr. W. E. Wilson, will be found
recorded in the Transactions of the Nova Scotian Institute of

Natural Science, vol. vi. p. 100. The dates of these occur-

rences were July 31 and September 5, 1883. The general

appearance and position of the luminous arch were the same in

both cases as in tho.se described by Prof Copeland and Mr. Wilson.
Two additional points were noted, however, which are worthy
of mention, viz. (i) that the arch of September 5 had a slightly
marked rayed structure, which, when first observed, was in the

direction of its length, but which gradually changed to a direc-

tion inclined about 45^ to the longitudinal, and (2) that the

spectrum of this arch, as determined by one of Hilger's pocket
spectroscopes, consisted of two lines in the green, one quite
bright and the other faint.

On Tuesday, September i of this year, I again observed the

same phenomenon at Halifax, N. S. I was unable to make
accurate observations, but noted the following facts :

—The
luminous arch was quite bright when first observed, at 11.30
p.m., and extended from horizon to horizon. Fifteen minutes
later it had completely faded away. It was about 4° or 5" in

width throughout its whole length. It met the horizon at

points about 10° or 15" to the north of the east and west points,
and passed through a point a few degrees south of the zenith.

When first observed, it was approximately uniformly bright

throughout, except at the edges, where its brightness diminished

rapidly outwards. To the eye its light seemed to be white, and
stars were visible through it. In fading away, the east and west
ends disappeared first, and the main body of the arch became

gradually fainter, wider, and more variable in width. The night
was bright and clear, and the temperature lower than it usually
is in the beginning of September, and there was no appearance
of aurora in other parts of the sky.

Except on this occasion I have neither observed this pheno-
menon nor heard of its occurrence since 1883. But as it might
readily occur without my either seeing it or hearing of it, I cannot

say that I know it to be rare. J. G. MacGregor.
Dalhousie College, Halifax, N.S., October 14.

what indistinct, but at all events the luminous band extended
east and west almost through the zenith, and was preceded by
an auroral display. It occurred in August or September of

1883 or 18S4.

My attention was again directed to a similar appearance on
the evening of September 9 of the present year, while near

Toronto. The narrow band of light, as before, extended from
the eastern almost to the western horizon, passing through the

zenith, and was accompanied by an aurora.

It is worthy of note that Isaw the phenomenon at Toronto on
the evening of September 9, not September 11.

R. N. Hudspeth.
Bishop's College, Lennoxville, P.Q.

It has twice been my good fortune to observe phenomena
similar to that described in Nature of September 24 (vol.

xliv. p. 494). My recollections of the first occasion are some-
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Apparent Size of Objects near the Horizon.

Some years ago there appeared an account of an investigation
into the cause of the sun and moon looking larger when low
down than when high up in the sky. The theory advanced as

the result of the investigation attributed the effect to a physio-

logical cause. One could not expect an explanation of this kind

to be applicable to all individuals, but rather that with dif!"erent

persons there would be different results ; so I have made obser-

vations—81 in number—to find out what law applies to my own
case. These observations were made by taking notice of two
.stars near the horizon, and then looking up near the zenith to see

what stars in that situation appeared to be the same distance

apart as those near the horizon. I took a great variety of

different cases, the length of the compared arcs varying from

l°'4 to 100°. I observed them also in various angles of position,
from horizontal to vertical ; and sometimes had the two arcs at

the same angle of position upon the retina, and at other times at

different angles.
The result of this investigation is an unexpected one, showing

that the length of the observed arc greatly affects the result of

the estimation—short arcs appearing longer when near the

horizon than when high up, and long ones appearing shorter.

The comparisons were made in either of two ways ; according
to one method, after I had carefully taken note of the ap-

parent length of ihe arc near the horizon, and had fixed an

idea of it in my mind, I then took a single glance at the stars

near the zenith and fixed in a moment upon an arc that appeared
to be of the same length ; whereas in the other plan I made as

deliberate and careful ati estimation of the arc near the zenith as

of that near the horizon with which it was compared, looking to

and fro from one to the other till \ was satisfied as to their

apparent equality.
One would naturally expect that the instantaneous estimations

would be less accurate than the careful ones,- and this is found to

be the case. Taking all the observations, I find the average
deviation from the truth of a single estimation is 77 per cent, in

the case of careful comparisons, and 10 3 per cent, in the case of

the instantaneous ones. The following formula is based upon
the careful comparisons

—

L =
/|

I + ^Z^\-o%i^ -
-00321/)

|,

where / and L are the lengths (in degrees) of apparently equal
arcs at a, the lower altitude, and at A°, the higher altitude, re-

spectivtly. According to this formula, an arc 26" '48 long appears
the same length at whatevtr altitude it is situated, but an arc

shorter than 26°'48 appears longer at the horizon than at

the zenith, and an arc in excess of 26° '48 would actually appear

longer near the zenith than near the horizon : an arc i°'4 long

(the shortest in my observations), when at the horizon, would

appear equal to an arc in the zenith 109 '85 per cent, of its

length ; while an arc 100° (about the longest in my observations)

at the horizon would appear equal to an arc of 7i°30only in the

zenith [i.e. with its middle point in the zenith). When the

above formula is applied to all the observations, the average
deviation (of the observed lengths from the computed) is reduced

to 4 "2 per cent, in the case of the careful comparisons, and 7'o

per cent, in the case of the instantaneous ones. If this formula

can rightly be applied to objects of such small dimensions as the

sun and moon, it (as will be seen) allows only a small increase

for their apparent size near the horizon upon that when they are

seen at a considerable altitude.

It would be easy to find a more complex formula which would

satisfy the observations still better, but these are not sufficiently

numerous to warrant the doing so.
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It might be supposed that the estimations would agree better

when the angles of position are the same for both arcs compared
together, than when they are different. But this supposition is

not borne out by my observations ; for after correcting them by
the above formula, the average deviation from the truth in the

case of the careful comparisons is 4*4 per cent, when the angle
of position of both arcs on the retina is the same, or within 10°

of the same; and 4"i per cent, when it diflers more than 10°;
while in the case of the instantaneous comparisons these numbers
are 7*9 and 6 '3 respectively.
When the lower arc is horizontal, or nearly so, it is (on the

aver.ige) estimated as being shorter than when in a vertical posi-

tion, but the difference is so slight that it is doubtful whether it

would not disappear with a larger number of observations. The
best correction formula 1 have obtained for this is to apply the

factor

(i '04
-

'048 cos d)

to the re-ult 'already obtained : d being the deviation of the

lower arc from the horizontal. But the application of this factor

only reduces the sum of the squares of the differences between
calculation and observation in the case of the careful compaiisons
from 1 163 to nil.
The angle of position of the tipper arc seems to make no

difference in the re>ults. T, W. Backhouse.
West Hendon House, Sunderland, October 24.

Proper Motions of the Stars.

Miss Clerke, in her very interesting article (Nature, vol.

xliv. p. 572) on the motion of th^ sun in .space, seems to

think that we have only the two alternatives of supposing
that the brightness of a star is independent of its distance,
or that the motions of the stars increase with their distance.

I suspect that, when the proper motions of all stars down
to the 9th magnitude have been tabulated, the necessity of

adopting either alternative will disappear. My object in writing
this letter, however, is to call the attention of spectroscopists
to the question thus raised. The spectroscope, when used in

connection with a powerful telescope, ought to be able to show
whether the fainter stars as a rule move more rapidly in the line

of sight than the brighter ones ; for if the average motion in the

line of sight is the same in both cases, astronomers will be slow
to accept an explanation of phenomena which supposes a different

average velocity on the whole. But even instruments incapable
of deciding this question may throw light on the subject. It

now appears certain that if a Sirian and a solar star of the same
mass were placed at the same distance from us, the Sirian star

would appear more than one magnitude brighter. Hence, before

we can use magnitudes as in any sense a test of distance, we must
ascertain the relative proportion of Sirian and solar stars in the

groups which we are comparing. It would also be very desirable

that the magnitudes of the stars employed by Profs. Eastman,
Boss, and Stumpe, should be photometrically determined. The
photometer has at all events the advantage over the eye that

its results are in all cases (allowing for errors of observation)

coini)arable. W. ll. S. Monck.
Dublin, October 17.

California Foxei.
In Nature of September 10 (p. 452), there is a paragraph in

praise of the intelligence of the (English) fox, with examples in

proof. Permit me to say that his California cousin is next door
to a fool. My young son has amused himself for the past three

summers in trapping (in large box-traps) the small California
foxes which infest these mountains, and which live on a mixed
diet of Manzanita berries and astronomer's chickens. I pass
over the fact that each trap has painted over its door "

Danger
to all who enter here ! ", and I proceed to show that our California

foxes are barely one remove from idiots. When they are caught,

my boy is in the habit of fastening a small leather collar about
their necks, and of chaining them with light chains to stakes near
the Observatory buildings. Many of them have escaped by part-

ing the chains (by dint of strength, not of intelligence), and have
been again caught within two or three days in the same traps !

One of them was caught three times in quick succession ! I pre-
sume an English fox, once caught, would emigrate to North
Uritain, or at least to the next county. My own ideas of the

mttlligence of the fox, until I came here, were derived from
Goldsmith's "Animated Nature," and, generally, from English
writings.
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I have now LecoiTie .satisfied that the California fox is arrihS.
Either the struggle for existence is not sharp here, or he has
made up his mind that existence is not worth struggling for.

Lick Observatory, October 8. Edward S. Holden.

A Plague of Small Frogs.

My wine-cellar has been visited during the recent rains v ith a

curious plague of small frogs {Rana lemporaria) all the same
size, about one inch long. There would be nothing surprising
in this visitation were it not for the apparent absence of any
means of communication from outside, the level of which is

six feet above that of the cellar ; there is no drain near that part
of the house. There is a step up before you go down into the
wine-cellar from the adjacent cellar, against which the door

closes, leaving no crack any animal so large could squeeze
through. The cellar has solid stone walls aiad a bricked floor.

During the recent floods the water stood some three or four

inches deep there, apparently oozing through a tiny hole level

with the floor on the outside wall, into which the point of a

pencil could only penetrate for an inch. Even had it been possible
for these little creatures to come in that way they must have
burrowed down six feet from the outside level. Only one or

two were found in the cellar adjacent, which is lighted by a

grating into the garden, whereas in the wine-cellar two or three

dozen were caught, many of them drowned by the flood.

Is it not unusual for bats to fly in the day-time? Here one
has been doing so for two afternoons, coming out about 2.30, and

flying backwards and forwards after insects in most brilliant

sunshine. The gardener tells me he has never observed them do
so before ; and having sometimes caught them in the day-time,

always noticed that svhen thrown into the air they would drop
at once, and run instead of flying.

R. Haig Thomas.

BOTANY OF THE EMIN RELIEF
EXPEDITION.

npHE botanical exploration of Tropical Africa leaves
-» so much to desire that it was somewhat disappoint-

ing to find that Mr. Stanley brought nothing back which
would give any idea of the nature of the dense forests

which he traversed. The conditions under which such
an expedition is necessarily executed make natural-

history-collecting extremely difificult. Travellers, how-

ever, often suppose that because they cannot make
extensive collections they can do nothing to add to our

knowledge. Yet to fill a small portfolio with well-selected

and significant specimens is not a very difificult matter.

And these may often furnish the basis of useful and im-

portant conclusions as to the general nature of the flora.

Sir Joseph Hooker was able to give the first account of

the vegetation of Kilimanjaro from a small parcel of

plants collected by a missionary, the Rev. Mr. New, who
was supplied for the purpose by Sir John Kirk, with "a
bundle of old Guardiatis." An officer of the Ashanti

Expedition brought from Comassi the fruit of what proved
to be a new species of Duboscia. And quite lately Lord
Lamington sent to Kew a small parcel of plants collected

by himself in an expedition through the Shan States,
which contained good specimens of an interesting plant
only known previously from imperfect material collected

by Griffith. It has now been worked out and figured in

the Kew " Icones Plantarum."
Nor is it so difficult as it might be supposed to do even

more than this. And I am not sure that a little careful

and intelligent plant-collecting would not be a healthy
and useful distraction to the tedium and strain of an
arduous journey. Nothing could probably exceed the
difficulties under which Joseph Thomson travelled in

Masailand
; yet he managed, notwithstanding, to get

together a tolerably extensive and most valuable botanical
collection. Upon this Sir Joseph Hooker was able to

base the first attempt at a rational theory of the geo-
graphical relations of the high-level flora of Eastern
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Equatorial Alrica. Nothing, again, could be more ad-
mirable than the collections made by Brigade-Surgeon
Aitchison when attached to the Kuram Field Force
under Sir Fredericic Roberts in Afghanistan. And the
Government of India has now arranged—and it is an
indication of the sympathy for science which animates
its members—that, as part of the organization of the
Botanical Survey of India, a botanist shall for the future
be attached to all frontier expeditions.

Major Jephson, who accompanied Mr. Stanley, seems,
however, to have had his eyes about him. A corre-

spondent has sent me a copy of the October number
of the Mayflower, a small monthly horticultural perio-
dical published in New York, which contains (pp. 155,

156, a short paper by him on the "Plants of the
J ark African Wilderness." This seems to me worth

putting on record in the pages of Nature, where it will

be at least more accessible for future reference. At my
request, Mr. Baker, the Keeper of the Kew Herbarium,
has had the paper annotated with such critical comments
as were possible.
To Major Jephson's paper Mr. Stanley has prefixed a

brief introduction, which adds nothing of importance.
He remarks :

—
"
In this branch of science I fancy we were all but

iaateurs, and considering what very little time any of us
ould devote from the engrossing business of marching,
and seeking for food to sustain life, Mr. Jephson shows
what might have been done by him had circumstances
been more favourable."
This is, however, erring a little on the side of modesty.

As I have already shown, amateurs can do very useful
work without much difficulty, if they are content to do
only a little, but to do that little carefully. Some further
observations are open to more serious criticism :

—
"Africa is yet too young and too crude for the scientific

botanist. We have only been pioneers to stake the high-
way to make ready for those who shall come after us.
\\ hen the rails have been laid in pairs of iron lines across
the swamp and desert, and the engined boat cleaves the
red bosoms of the great rivers, and furrows the dead green

, face of the fresh-water seas, then the tender-nurtured
botanist, conveyed from point to point without danger to
his valuable life, may be trusted, with his enthusiasm
and devotion, to bring to us results worthy of science and
the age. Of those who have given us an insight into the
botanic treasures of the African world, Schivernfuth {sic)
is by far the best, but he has also laboured under such dis-

advantages and discomforts that he was not able to do
for Equatorial Africa a tenth part of what Bates did for
the Amazon."
One cannot but wonder a little at the ignorance of the

literature of African travel which this paragraph displays.Men hke Grant, Speke, Kirk, Welwitsch, Mann, Vogel,
Barter, and Thomson, to mention only a i&w of those to
whom we owe our knowledge of the African flora, would
have thought it comical to be described as "tender-
nurtured '

botanists. The work of Schweinfurth was ad-
mirable

; yet no one would, I think, be more surprised
than that distinguished naturalist, Mr. Bates, to learn
that the botanical collections which he never even pro-
fessed to make, were ten times better.

W. T. Thiseltox-Dyer.
Royal Gardens, Kew.

"
It is ditificult to give an accurate idea of the flowers

we saw in our march through Africa in a short magazine
article, but I here give a short sketch, mentioning some
few things which I think may be interesting to my readers." The great forest of Central Africa through which we
passed is not so rich in variety of flowers and orchids as
the forests of Mexico and Brazil, or even the jungles of
India and Ceylon. It is chiefly rich in flowering vines,
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trees, lilies,^ and Begonias. There is, however, a great
wealth of ditTerent kinds of ferns, such as I have often
seen cultivated in hot-houses in England. In many
places the damp ground was covered by a thick growth
of filmy ferns and Lycopodium of the most beautiful

description.
" Here is a short extract from my journal, which will

give some idea of the every-day sights we saw on the
banks of the Lower Congo, 1700 feet above the sea, and
250 miles distant from it :

—
" ' At the bottom of a piece of swampy ground I came

to a small stream, on the banks of which were growing
Osmtinda rcgalis^- or Royal fern. It was slightly
stunted in growth, being not more than 2 feet in height.
It is the first I ever have yet seen in the tropics. Close

by the stream was growing a group of beautiful ground-
orchids,'* in form like a Hyaclnthiis candicaiis. There
were clusters of great pink flowers with yellow centres ;

the whole had a very gorgeous effect. Here, also, was a

profusion of Lycopodium.* It is of a kind I have not yet
seen ; it creeps up and over everything in great blue-

green masses
;

its long tendrils creep up the tree trunks
like ivy, to a height, in some cases, of 4 feet. There
were quantities, also, of the ribbon fern, exactly like
the Davallia pentaphylla^' which has been introduced
into English hot-houses from the Malayan Arcnipeiago.
What would not florists at home have given for an acre
of this ground 'i^

" In the forest there were two kinds of lilies which were
common. One, which grew in swampy ground, was in
form like an Amaryllis." It was white, with a deep crim-
son centre, and had a delicious but heavy scent. The
other was a lily," which grew everywhere through the
whole length of the forest. It was of a brilliant scarlet

colour, and was formed of several hundreds of small
flowers, forming a round ball like a huge Guelder rose,
four inches in diameter. It was of such "a brilliant scarlet
that it looked almost metallic, growing in the darkest re-
cesses of the forest. One of the commonest and most
striking of all the ferns we saw was the Platycerium alci-

corne? It is an extremely interesting fern, one of a
singular genus of epiphytal plants, growing on the
branches of trees. Cur Zanzibaris called it 'elephant
ear,' from its curious shape. There was another of the
same family, Platycerium Sfemmaria, which we found
growing upon rocks in the open country. Both these
ferns grew at altitudes from jcoo to 5000 feet. Tree-
ferns'' of the ordinary kind we found growing in all the
gullies and streams on the slopes of the mountains above
the Albert Nyanza. The altitude was from 5000 to 6000
feet above the level of the sea, and I noticed especially
that the flora here was remarkably like that in the Central
Province of Ceylon, which is an altitude of 2500 to 4000
feet above the sea.

"
By far the most common plant which we saw in the

jungle was the Amomum, or wild cardamom. i<'
It was

almost precisely the same in form as the cardamom
which is cultivated in Ceylon. It grew almost through-
out the whole of Central Africa. It has a large purple
flower, which grows in clusters on the ground at the root
of the plant, and from it a bright scarlet fruit forms, of a

pear shape, and about the size of a small fig. It is

divided into four quarters, and contains some white,
fleshy pulp, very juicy and acid. This pulp is full of

1 Crinum.
2 Osmtinda regah's is cosmopolitan, but in tropical zone is high up only.3 Mr. Rolfe cannot suggest anything better than Lissochilus.
4 Selaginclla scandens, no doubt.
5 "Ribbon fern" would suggest Ophioglossnin pendnluin or Vittaria,

but they are not like Davallia pentaphylla.
6 Crinum zeylanicum. 7 Brunsvigia toxicaria.
8 Platycerium alcicorne is not African, but /'. Stemmaria is widely spread.
9 No doubt Cyathea Thomsoni, Baker, which is very near C. Dregei of

the Cape.
'° There are a large number of Amom urns in West Tropical Africa. The

fruits are 3- not 4-ce]led. See A. Daniellii, &c., in Oliver and Hanbury's
paper in Journ. Linn. Soc

, vii. 109.'
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small black aromatic tasting seeds like those of the culti-

vated cardamom. If ever planters go into Africa, the

cardamom will be an important product of the soil for

commerce, for there are vast tracts of forest wiih the

climate, soil, and checkered shade which are necessary
for the cultivation of the cardamon. Orchilla weed
should also become a valuable article of commerce

;
it

grows in many parts of the forest. I consider, however,
that when the great forest of Central Africa is opened
up to civilization, by far the most valuable article of

commerce will be india-rubber, the want of which is

increasingly felt in the civilized world. Now that electri-

city is so much used for various purposes, the demand
for india-rubber grows larger and larger : the supply

• which is shut up in the African forest is practically un-
limited. There are various trees of the fig tribe which

yield this product, but by far the greatest amount is

contained in the india-rubber vines ^ which abound in

the forest and hang from almost every tree. In cutting
our way through the forest in some places, we got covered
with the milky glutinous sap, which dropped upon us
from the vines we cut through." The natives know its value, and use it largely for

smearing the inside of their buckets in order to make
them hold water. They use it largely also for covering
the ends of their drum-sticks. The india-rubber obtained
is of a clear, yellowish colour, like glue, and is of the
most elastic description.
"In the forest region I saw no water-lilies, but in

Emin Pasha's Province, in the Bari country, I saw two
kinds.^ They were both about the size of an ordinary
white water-lily, and the leaves and flowers floated on the
surface of the water, but the stalks and formation of the
leaves and flowers was finer and more slender. One was
of a pink coral-like colour, not white like the Zanzibar

lily, and the other of a pale bluish lavender. They were
growing in small clear pools only a few miles apart in the

valley of the Nile, at an altitude of about 3000 feet above
the sea.

" One of the most interesting botanical discoveries I

made in the forest was the discovery of a wild orange-
tree. During our march through the forest I had con-

tinually come upon trees varying from 8 to 15 feet high.
They had double leaves of a peculiar shape, which had a
delicious smell like orange leaves

; the branches were
covered with long sharp thorns, and I at once pronounced
them to be orange-trees. My fellow officers smiled

incredulously, and exclaimed: '

Orange-trees
^ in the

middle of the forest!' But I held to my opinion, and
just before reaching the open country, I came upon a tree
with both flowers and fruit upon it. The flowers were
exactly the same as the flowers of a cultivated orange-
tree. The fruit, which was green, was about the size of a
marble. On cutting through it with a knife I found it

had the same divisions as an ordinary orange, but each
division was full of small seeds, which were very bitter
and aromatic. On reaching Emin's Province I told him
about it, and he regretted very much that I had not
brought a specimen with me, for he was a good botanist,
and wished to add it to his collection of dried plants. He
told me my discovery was doubly interesting, as many
years before a German had penetrated the forest on the
west coast of Africa, and reported that he had found wild

orange-trees. His story was discredited, and now our

discovering the orange-tree in the forest pointed that his

report was after all true.
"

1 have not space to speak much about the flowers we
saw in the open country, but will say a few words about
those flowers which we found at a high altitude on the

slopes of Ruwenzori, or the Mountains of the Moon.

'

Landolphia.
'^

Nymphoea stel/aia a»d N. Lotus are both plentiful in Upper Nile-land.
3 This reads like a tree Citnis, and if so is an interesting discovery, as

no species is hitherto known there.

Lieutenant Stairs who made the ascent of the mountains,
gives the following facts in his report :

—
"'The barometer stood at 2 rio, thermometer 70"" F.

Ahead of us and rising in one even slope stood a peak,
in altitude 1200 feet higher than we were. This we now
started to climb, and after going up a short distance
came upon three heaths. Some of these must have been
20 feet high, and as we had to cut our way foot by foot

through them our progress was necessarily slow. Here
and there were patches of inferior bamboos, almost every
stem having holes in it made by some boring insect, and
quite destroying its usefulness. Under foot was a thick

spongy carpet of wet moss, and the heaths on all sides of
us we noticed were covered with " Old Man's Beard"
{Usnea). We found great numbers of blue violets which
had no smell, and from this spot 1 brought away some
specimens of plants for Emin Pasha to classify. The
altitude was 8500 feet. We found blueberries and black-
berries 1 at an altitude of 10,000 feet. The following

^ are
the generic names of the plants collected as named by
Emin Pasha :

—
Clematis.

Viola.

Hibi>cus.

Impatiens.

Tephrosia.

Glycine.
Rubus.
Vaccinium.

Begonia.
Peucedanum.

Gnaphalium.
Helichrysum.
Senecio.

Sonchus.
Erica arborea.

Landolphia.
Heliotropium.
Lantana.

Moscbosma.
Lissochilus.

Luzula.

Carex.

Anthistiria.

Adiantum.
Pdlaa.
Pteris aquilina.

Aspleniiim.

Aspidium.
Polypodiuni.

Lycopodium.
Selaginelia.
Marchantia.

Parmelia.

Dractena.

Usnea.
Tree Fern.'
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"These were just a few specimens Lieutenant Stairs

brought down with him. But the slopes of Ruwenzori
will, when properly explored, yield numbers of unknown
treasures to be added to the Botanical Encyclopaedia." For many weeks we drank coffee which we made
from the berries of the wild coff"ee-trees which abound
on the highlands round the great lakes of Central Africa.
The Arabian coffee was originally supposed to have come
from Kaffa, in Abyssinia. That which we found in Karagwe,
Ankori, and Uganda is equal in flavour to the finest Ara-
bian coffee, and will, when Central Africa is opened up,
be another of the chief articles of commerce.

"
I. A. M. JEPHSON."

TOWN FOGS AND THEIR EFFECTS?
T T NTIL 1880 the formation of fog was looked upon as^

arising simply from the separation of liquid water,
probably in the form of hollow vesicles, from an atmo-
sphere saturated with aqueous vapour ; but in that year
Aitken showed that really the determining cause of the

separating out of liquid water, and consequent formation
of fog, was dust present in the air. He pointed out that
a change of state, a gas passing to a liquid, or a liquid to
a solid, really always occurred at what he terms a "

free

'
It would be very interesting to have these identified. The two highest-

known species of Rubus are pinnatiis and rigidus, at 5000-6000 feet.
^ This list is in Stanley's book. The Viola is no doubt abyssinica, com-

mon to the mountains of Madagascar, Abyssinia, the Cameroons, and Fer-
nando Po. There are three heaths known on the high mountains of Central
Africa, viz. Erica arborea, Ericinella Mannii, and Blaeria spicata.
There is no Vaccininin known before in Tropical Africa ; though three or four
are plentiful in Madagascar, and there is one on the Drakensberg, so that its

occurrence is most probable. The ferns of Tropical Africa are nearly all

species widely spread in other continents.
3 The paper by Dr. W. J. Russell, F.R.S., introducing the discussion on

Town Fogs at the Hygienic Congress.
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surface" ; that as long as a molecule of liquid water is

surrounded by like molecules, and the same with gaseous
water, we do not know at what temperature, or whether at

any temperature, they would change their state
;
but if in

contact with a solid then at the surface, where they meet,
the change will occur

;
if the solid be ice it may become

liquid or the liquid may become solid, and the same kind

of action occurs when the liquid is in contact with its

own vapour ;
in fact, that what we call the freezing and

boiling-points of a body are the temperatures at which
these changes take place at such free surfaces. The dust

always present in the atmosphere offers this free surface

to the gaseous water, and thus induces its condensation.

This specific action of dust varies very considerably, first

with regard to its composition, and second with regard to

the size and abundance of the particles present. Sulphur
burnt in the air is a most active fog-producer, so is salt.

Many hygroscopic bodies form nuclei having so great an

affinity for water that they can cause its condensation from
an unsaturated atmosphere. At the same time non-

hygroscopic bodies, such as magnesia and many others,
are powerful fog-producers ;

no doubt their activity may
in part be attributed to their being good radiators of heat,
and thus becoming cooled, induce condensation. Mr.
Aitken also shows that the products of combustion, even
when the combustion is perfect, are powerful fog-pro-

ducers, a fact which has important bearing on the pro-
duction of town fogs. One other point in these experi-
ments I cannot omit mentioning, it is the exceedingly
minute amount of matter capable of inducing fog. In

his first series of experiments Mr. Aitken showed that

, J(j of a grain of iron wire, however often it was heated,
evolved on each heating sufficient dust to cause a visible

fog, and afterwards,with still more delicate apparatus, that

yJgg of a grain of either iron or copper, when treated in

the same way, gave a similar result, and from these last

experiments he infers that even yoooro grain of either

wire, if only slightly heated, would yield sufficient nuclei

to cause a visible amount of fog. it is of much impor-
tance and interest, seeing how small a cjuantity of dust is

required to produce fog, to know that even this small

amount may be filtered out of the air by passing it

through cotton wool, and thus an air be obtained in

which a fog cannot be produced. Mr. Aitken's description
of such an almospheie is at first most alluring, for he

says, if there was no dust in the air there would be no

fogs, no mists, and probably no rain ; but he goes on to

state that when the atmosphere became burdened with

supersaturated vapour, it would convert everything on the

surface of the earth into a condenser
; every blade of grass

and every branch of a tree would drip with moisture de-

posited by the passing air
;
our dresses would become

wet and dripping, and umbrellas useless ; but our miseries

would not end here, for the inside of our houses would
become wet, the walls and every object in the room would
run down with moisture. I think, if we picture to our-

selves this state of things, we may be thankful that there

is dust and fog. Dust in its finer forms is invisible to

us
;
but as its delicate particles become loaded with mois-

ture, it becomes a fine mist, dense if the number of

particles are many ; if, however, the dust-particles are

fewer, and the amount of aqueous vapour the same,
each particle will have a larger amount of condensed
moisture to carry, and it will give rise to a more coarse-

grained fog ;
the moisture, or some of it, will be more

feebly attached to its nuclei, producing then what is

known as a wet fog, whereas at least a most important
fact in the production of a dry fog is the strong affi-

nity between the nuclei and the condensed vapour. As
most of you are no doubt aware, Mr. Aitken has invented
a most ingenious method for counting the number of dust-

particles in air, and has obtained most interesting and
valuable results. I can only mention here that some of
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these results deal with the clearness of air in relation to

the number of dust-particles present, and other results

show how little effect rain has in diminishing the amount
of the finer dust in air. Evidently towns will supply dust

of all kinds, and therefore offer every inducement for

fogs to form there, and that at least some of the particles
will be capable of causing the condensation of moisture
even from an atmosphere which is not saturated with

aqueous vapour. This condensation of moisture is a very

complete process for removing all kinds of impurities from
the air. Floating particles are free surfaces, and become

weighted by the moisture they condense and tend to sink,
and even the gaseous impurities in the air will be dis-

solved and carried down by the moisture present.

Experiment confirms this, for it has been proved how
correctly the impurities of an air can be ascertained by
determining the composition of dew, even if it be artifi-

cially and locally formed. It is of importance to note

that even the purely gaseous emanations from our towns
cannot pass away when a fog exists, as is shown by the

accumulation of carbonic acid which takes place during
a fog. Taking 4 volumes in 10,000 volumes as the normal
amount of carbonic acid in London air, some years ago I

found that it increased in the case of a dense fog to as

much as I4'i volumes, and often to double the normal

amount, which must represent a very serious accumulation
of the general impurities in the air.

A fog in this way becomes a useful indicator of the

relative purity of the atmosphere in which it forms. If

pure aqueous vapour be condensed it gives a white mist—
a country fog, a sea fog

—and a white light seen through
it is not converted into a red light ;

but in town fogs the

whiteness of pure mist disappears and becomes dark, in

some cases almost black in colour, the change being pro-
duced by the foreign matters floating in the air, and by
far the most abundant colouring matters of our town fogs
are the products generated by the imperfect combustion
of coal ;

but in addition to these bodies, many others must

obviously find their way into the air over a town.

Especially will there be dust from the universal grinding
and pounding going on in street traffic and many
mechanical operations, from the general disintegration
of substances and the decomposition of perishable
materials—all will add something to the air, and it will

become an integral part of the fog. However, although
it is often said that a town fog is so dense that it may be

cut with a knife, still it is difficult to condense so much of

it that it can be subjected to a searching chemical

analysis. In 1885, by washing foggy air, I was able to

determine the amount of sulphates and chlorides present,
and as indicators of organic matter the quantity of carbon

and nitrogen in the fog. The results showed strikingly
how largely the amounts of organic niatter and ammonia
salts in the air varied with the weather

;
no case of dense

fog occurred when the experiments were being made
;
but

the mean of several experiments clearly showed ihat in

foggy weather the amount of organic matter was double

as much as existed in the air in merely dull weather, and
that the amount of sulphates and chlorides increased

under like conditions, but not to the same extent. Fog
may, however, be made to give its own account of its

constituents, for we have only to collect and analyze the

deposit which it leaves to learn what its more stable con-

stituents are, and we have to thank the air-analysis com-
mittee of the Manchester Field Naturalists' Society for

the most complete analysis of such a deposit which has

yet been made. The deposit analysed occurred during
the last fortnight in February of this year (1891), and was

obtained from the previously- washed glass roofs of the

plant-houses at Kew, and Messrs. Veitch's orchid-houses

at Chelsea. At Kew 20 square yards of roof yielded 30

grammes of deposit. At Chelsea the same area gave 40

grammes, which represents 22 lbs. to the acre or 6 tons
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to the square mile, and the composition of these deposits
is as follows :

—

Carbon

Hydrocarbons
Organic bases (pyridines, «S:c.)

Sulphuric acid (SO3)...

Hydrochloric acid (HCi)
Ammonia ...

Metallic iron and magnetic oxide
of iron...

Mineral matter (chiefly silica and
ferric oxide)

Water, not determined (say dif-

ference)

Chelsea.
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to have become much more frequent of late years, and,
in fact, it is doubtful whether in former times it ever
occurred. The immediate cause of this new form of fog
is difficult to explain.
London has always been the head quarters of town

fogs, but now all the large towns appear to be emulating
it in this respect, and this is what we must expect ;

an
increase of population means an increase of combustion
of coal, and that implies a pouring into the atmosphere
of more and more carbon, hydrocarbons, and sulphuric
acid. In dry and windy weather all these bodies may be
scattered so as not to produce appreciable effects

;
but

let the air be still, and even approach a state of aqueous
saturation— then, we have seen, every particle of dust and
dirt becomes a centre for moisture to deposit on, and we
shall have a fog imprisoning all impurities and offering
them to us for inhalation. To burn coal so that only

ascertain how far such views were correct, I studied the

Registrar-General's reports for the times of fogs ; but, as
I found it difficult to interpret the figures, I have ex-

pressed them by the curves upon these somewhat lengthy
diagrams (Figs, i, 2, and 3). I have selected times of

fog, viz. the winters of 1879-80, 1880-90, and 1890-91,
and have represented graphically the temperature, the
amount of fog, and the death-rate for each day.
The results are, 1 think, worthy of careful study. The

first thing we learn from these diagrams is that by far the

greater number of fogs occur when there is a great fall of

temperature ;
and clearly this is closely followed after a few

days by a great increase in the death-rate
; but how much

of this increase is to be attributed to the fog and how
much to the fall in temperature may be difficult to deter-

mine ; but we have evidence that when fogs occur with-

out fall of temperature they do not appear to be followed

E.vJ>lanatioH ofDiagrams.—Tne: amount of fog is represeined by the small

dark patches, the denser the fog the deeper the patch ;
thus the Registrar-

General reports that it is either haze, foggy, fog. thick fog, or dense fog.

These different degrees of fog are represented by the vertical thickness : thus

dense fog is 5 times as deep as haze, and so with the other designation?.

The horizontal line represents the average temperature for each day for

the previous 20 years, and also the average weekly death-rate from diseases

of the respiratory organs for the previous 20 years.
The curved line represents the divergence of temperature from the daily

average, and the shaded part the divergence of the death-rate from the

average.
Scale :

;:';
inch represents i day, 1° F., and 10 deaths.

Fig. I.

products of complete combustion shall escape is a

problem of much difficulty, and is comparatively rarely
done. Certainly the domestic fireplace does not do it,

but, on the contrary, is the principal cause of the dark
colour of our fogs. Many manufacturers, however,
liberally contribute to produce the same effect.

I turn now from the constitution and production of fog to

note some of the effects it produces. First, with regard to

health, details on this point J leave to those who are
more able to describe them than I am, but 1 have a i^w^

words to say with regard to the effect of London fogs on
the death-rate in general. There are many people who
feel so strongly the unpleasantness of fog that it induces
them to magnify its results, and make extraordinary state-

ments with regard to the mortality it produces. It has
even by some been likened in deadliness to the Great

Plague of London, and to other great epidemics. To
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by any remarkable increase of death-rate ; for, on
December 15, 1889, there was a dense fog, and the

temperature was even above the average : under these

conditions the death-rate remained far below the average.
On December 13 and 14 in the same year, again, there

is a dense fog, an average temperature, and only an

average death-rate ; and the same thing happens on

February 4 in 1890, when, notwithstanding a dense

fog, the death-rate remained remarkably low
;
and last

winter, on November 13 and 14, there was again a dense

fog, a high temperature, and an average death-rate.

With these four exceptions depression of temperature

goes with fog. There is no case of depression of tempera-
ture not followed by increase of death-rate.

That many people suffer much, both physically and

mentally, from the effects of fog, there can be no doubt ;

but, as far as I can interpret these returns of the Registrar-
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General, they do not confirm the popular impression that

fog is a deadly scourge ; at the same time, it is beyond
doubt that an atmosphere charged with soot, dust, and

empyreumatic products is an unwholesome atmosphere
to breathe ; but I think that the principal cause of the

great increase of death when fogs occur is attributable

rather to the sudden fall of temperature which usually

accompanies fog, than to the fog itself

So many toxic effects are now traced to the action,

direct or indirect, of bacteria, that it is satisfactory to

bare, and it is impossible ever again to recover them into

sightly specimens. (2) The toxic influence of the fog.
This is most striking. It is illustrated in the most forcible

way by the inclosed memorandum. I attribute it in the
main to sulphurous acid, though I cannot help suspect-
ing that some hydrocarbon may also have something to

do with it. The toxic effect varies from one plant to

another, some are scarcely injured, others are practically
killed." He adds :

—"
I hope you will be able to arouse

some interest in this horrible plague. If the visitation of

OCT NOV. DEC
27-2 3 - 9 10-16 17-23 24-30 I

— Hs-I* 15-21122-28129 -Al J

FEB WAR
19-25 26 - 1 2 - 8 3 - IS IG-22 23 - 1

Fig, 2.

learn, from the experiments of Dr. Percy Frankland, that

fogs do not tend to concentrate and nurture them, for he
found there were remarkably few bacteria in London air

during a time of fog. The deleterious action of town

fogs on plants is more marked and more easy to inves-

tigate than its effect on animals. Nurserymen have

long known from experience that a town fog will pene-
trate even their heated greenhouses, and with certainty
will kill many of their plants, specially their orchids.

last year is annually repeated, it must in time make all

refined horticulture impossible in the vicinity of London."
I append to this paper the very interesting and im-

portant report to which Prof. Dyer refers, from Mr. W.
\Vat§on,

" On the Effect of Fog on Plants grown at Kew."
This fog action on plants is so clearly marked, and so

deadly, that it has, I am happy to say, led the Horticul-
tural Society, aided by a grant from the Royal Society, to

undertake a scientific investigation of the matter. Plants

OtT. NlOV

IS90-I89!

Fig. 3.

tomatoes, and, in fact, most tender and soft-wooded

plants ; but on this point, I cannot do better than read
to you what the Director of Kew Gardens, Prof. Thisel-
ton Dyer, says in a letter to me :

—" With regard to

plants under glass, the effect of fog is of two kinds— (i) By
diminishing light. This checks transpiration. The plants
are therefore in the condition of being over-watered. A
well-known consequence of this is to make them shed
their leaves wholesale. Many valuable plants which
ought to be well furnished with foliage become perfectly
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are so much more easily dealt with than people, all the
circumstances of their attack by the fog and its immediate
results so much more easily noted and traced, that the

investijiation has already yielded important lesults, and
we shall, I hope, hear from Prof. Oliver—who is devoting
himself specially to the investigation—seme account of
his latest results. A maiked and admitted difference
between town and country fog is, that while a country
fog is harmless in a greenhouse, a town fog will produce
most destructive results.
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There is still another action of town fogs, and one
which I believe is of great importance. I mean its

power of absorbing light. This power of abstracting
light depends principally on the amount of coal products
which the fog contains. The slower-vibrating red rays
can struggle through a fog which is absolutely impervious
to the more refrangible ones. Even a mist but slightly

tinged with smoke is opaque to the blue rays, and thus
screens us from their action but as Aitken has lately

shown, the heat rays can pass readily through. This

opacity of town fog to light is, I believe, one of its most
serious and detrimental characters. Animals can no
more thrive in semi-darkness than can plants ; and, im-

portant as the red rays may be, still it is undoubtedly the
blue rays which are most active in producing the prin-

cipal chemical charges going on around us. Experiments
lately made have strongly impressed me with the
wonderful activity which light confers on a mixture of
air and moisture, oxidations which in dullness and
darkness are impossible are easily and rapidly effected

by aid of a gleam of sunshine, or even a bright dif-

fused light. It is not possible, I believe, for people to

remain healthy where this source of chemical activity is

cut off, or even seriously diminished. In addition to the
loss of physical energy, mental depression is induced

by the absence of light, the whole tone of the system
becomes lowered, and may be a prey to actions which,
under brighter conditions, it would have been able to

resist.

There is another action of light which is potent for

good. I mean its destructive action on many forms of
bacteria. Prof. Koch, at the last meeting of this Con-

gress, pointed out how his tubercle bacilli are killed by
even a short exposure to sunlight, and it is now well
established how inimical light is to the growth and
development of most kinds of bacteria. 1 wish I could
show you in some perspicuous way the enormous power
which town fog has of absorbing light, and bring forcibly
before you the great difference which exists between the
amount of light which reaches the inhabitants and build-

ings of a town, as compared to the amount on an equal
area free from smoke. A simple actinometer is much
required, and 1 hope the want will soon be supplied ; but
at present the only records bearing on this point are the
observations of direct sunshine made at various stations,

by the Meteorological Society and Meteorological Office,
with the Campbell-Stokes instrument, and some interest-

ing observations, by Mr. H. Raffles, on the distance at

which objects were visible during a London winter.

First, with regard to the sunshine experiments. One

Hours of Sunshine dur
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colour, and loaded with soot and tarry matter, is another

question. The answer involves not only chemical but

also social considerations. With regard to the first, my
answer is that as long as coal is burnt you will have

dense fogs ; grates, kitcheners, furnaces, may be, and

probably will be, much improved, and fires may be

stoked in a better way, but that the miprovements will

be so great that all imperfect combustion will cease I

think is improbable ;
if this be so, there is only one other

alternative, as long as coal is our source of heat : it is to

alter our form of fuel and adopt gas and coke
;
the soot

and tarry matters will be then done away with
;
the ques-

tion of sulphuric acid in the air would remain, but our fogs
would at least be white. There is still the social part of

the question, which is not without serious difficulty
—

namely, how to induce or compel people to give up the

use of coal. At the present day it would not be possible
to do a? it is recorded was done in the reign of Edward I.,

try, condemn, and execute a man for burning coal in the

City of London. W. J. Russell.

Effects ofFog on Plants Crozvn in the Houses at Kew.

The heavy fogs experienced in the last two or three

winters injured many plants in the houses at Kew. When
thick fog occurred almost daily, the injury it did to many
plants amounted practically to destruction. The leaves

fell off, the growing point withered, and in some cases,
such as Begonias and Acanthads,. the stems also were
affected. Flowers, as a rule, fell off as soon as they

opened, or whilst in bud. Almost all flowers which ex-

panded were less in size than when there was no fog.

The flower buds of Phalaenopsis, Angraecun, some

Begonias. Camellias, &c., changed colour and fell off as

if they had been dipped in hot water.

In the Palm-house bushels of healthy- looking leaves,
which had fallen from the plants, were gathered almost

every morning. Plants which appeared to be perfectly

healthy, when shaken would drop almost every leaf.

Herbaceous plants suffered most, i.e. Begonias, Poin-

settias, Bouvardias, Acanthads, &c. Some herbaceous

plants, however, did not suffer at all, nor were their

flowers injured, as, for instance. Cyclamen, Primula,

Hyacinth, &c. Many hard-wooded plants lost their

leaves and were otherwise damaged, viz. Boronias, some
Heaths, Grevilleas, Acacias, &c. Protea cynaroides, a

Cape plant with large laurel-like leaves, was much in-

jured in the temperate house (minimum temperature 40'),

the leaves turning black as though scalded. The same

species, however, in another house where the atmosphere
is drier and the temperature a few degrees higher, was

scarcely affected by fog.

As a rule, the plants that were in active growth suffered

most. Monocotyledonous plants and ferns for the most

part were not appreciably affected by the fogs, the injury

they suffered, especially last winter, being clearly due to

low temperature. The effect of fog on flowers is remark-
able. Generally, white flowers are destroyed, but there

are some notable exceptions
—viz. Masdevalia tovarensis,

Odontoglossum crispum, and Angra;cum amongst Or-

chids, and Crinums, white Cyclamen, white Hyacinths,
white Chrysanthemums, &c.

The green leaves of Poinsettia pulcherrima all fell off,

whilst the red ones (bracts) remained, as also did the

flowers. All Calanthes, of whatever colour, lost their

flowers. The buds of the white-flowered Ang^'cecum ses-

qnipedale turned black as if boiled, whilst those of A.

eburneum, also white-flowered, were not injured, and de-

veloped properly. These two plants are grown in the

same house under identical conditions, and they come
into bloom about the same time.

The conditions most conducive to rest from growth
—

viz. a low temperature and moderately dry atmosphere,
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together with diminished light, unavoidable during the

prevalency of fog
—were proved at Kew to be the safest

for all plants during the prevalence of heavy fogs.

July 29. w. Watsox.

THE ANATOMY OF THE DOG}

'T^HEdoghas played by far the most important part
*• in the elucidation of the difficult problems of

physiology and pathology presented by the higher
animal organism. It is by a firm reliance on the
results of experimental researches, conducted largely

upon this animal, that the modern physician is enabled
to form some idea as to the causation of the symptoms
of disease in man, and the mode of action of the remedies
which he employs ; while the modern surgeon, after a

preliminary testing of tin operation upon the dog, fear-

lessly proceeds to attack the most deeply-seated tumour,
and to explore' the most hidden recesses of the human
organization. What, after all, are the services of friend-

ship and companionship, or the more menial duties which
are often laid upon the dog, compared with the allevia-

tion of human suffering and the advancement of human
knowledge for which he has served as the passive instru-

ment, and this {pace the mendacious asseverations of

fanatical essayists) at the expense of the least possible
amount of suffering to himself?

For these reasons, to the physiologist, the pathologist,
the pharmacologist, and the scientific surgeon, a book

which, like the one before us, endeavours to deal with

the anatomy of the dog in the same detailed and sys-
tematic manner in which the structure of man is dealt

with in text-books of human anatomy cannot fail to be
of the utmost value. To the comparative anatomist it

will prove an important addition to the limited existing
series of monographs dealing in detail with vertebrate

types, while to the veterinarian it will be an indispensable
vade mecuin, both in study and in practice.

For the work is done excellently well, a result which

might be anticipated from the manner in which it has
been set about. Not only has it been carried on under
the auspices of a scientific anatomist so well known as

Prof Ellenberger and in a veterinary school where an
unlimited supply of subjects was available for dissection,
but with a far-sighted liberality, for which the Saxon
Government is much to be congratulated, all the ex-

penses for material and instruments have been defrayed
by the State, and one of the collaborators has been enabled
to devote his whole time during a period of two years

entirely to the labour incident upon the preparation of

this work.
The book is a large octavo of 650 pages, contain-

ing 208 woodcuts, a few examples of which are here

reproduced. There is, in addition, an appendix of 37

lithographed plates, representing in outline frozen sec-

tions through the trunk and limbs. A study of these

is in itself sufficient to make out the relations of the

organs to one another, and the authors have accordingly
burdened the text as little as possible with topographical
details. Histological and developmental references are

entirely avoided, partly for the reason that the facts are

not materially different from those which are found in

other mammals, partly because they have been dealt with,

especially for the dog, in other works, and largely because
it was obviously desirable not to increase the bulk of the

work. References to literature are also for the most part

omitted, for although other works have been consulted,
it is claimed by the authors that the present account is

' '
Systematische u. topographiiche .A.natoinie des Hiindes." Bearbeitet

von Dr. W. Ellenberger, i'r.^fessor an der tierarzthchen Hochschule in

Dresden, und Dr. H. Baum, Prosekt ^<- an der tier;irztl.chen Hochschule in

Dresden. (Berlin : Paul Parey, i3c
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based almost exclusively upon original dissections and ties which result therefrom, are, as might be supposed,

preparations. not ignored by the authors of this book. But they remark

It might be -supposed that the striking differences, hereon that apart from differences in size, render-

both in size and in shape, which are presented by dogs ing absolute measurements of little value, the racial

Fig. I —Skeleton of the dog. «. skull ; b, scapula : c, humerus
; d, ulna ; d'

,
olecranon ; e, radius ; f, carpus ; g, metacarpus ; h, phalanges of fore-

foot ; /, pelvis ; / , tuber ischii ; k, femur ; in, tibia ; «, fibula ; o, tarsus ; /, luber calcanei ; q, metatarsus ; r, phalanges of hind-foot ; i-, coccygeal'
vertebrae. The cervical, thoracic, and lambar vertebrse and the ribs are respectively numbered consecutively.

of races so different from one another as, to take extreme

cases, the greyhound and the pug, would be accompanied
by such structural peculiarities as to render a general

differences are almost entirely confined to the skeleton

and to certain parts of the muscular system, no important
differences being manifest in the position of the muscles,

Fig. -Fore-foot o the dog. a, carpal ball ; /, tall of the sole; c^ to c,-,,

balls of the toes.

anatomical account of the dog of less value than that of

animals in which racial characteristics are less exagger-
ated. The differences which are found, and the difficul-
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Fig. 3.
—Section of skull, displajing the interior oi the cranial cavity, and

the frontal sinuses. The foramina of exit of the cranial nerves, and the

iinpressi ns of the cerebral convolutions on the inner surface of the

craniu n are well shown.

\ essels, nerves, and viscera ;
and even in crook-legged

(logs, such as the dachshund, in spite of the twisting of

the extremities, the topographical relations of the muscles
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to one another, as well as to the vessels, nerves, and bones,
remain completely unaltered. The only racial character-

istics, therefore, which are dwelt upon are those of the

skeleton, and especially of the skull, in illustration of

which the authors reproduce some of the excellent figures

of Nathusius.

Classifying them with regard to their racial peculiari-

ties, the skulls of dogs are divided into two large groups,
viz. (i) Dolichocephalic^ to which belong such dogs as the

greyhound, collie, poodle, St. Bernard, and Newfound-
land ;

and (2) Brachycephalic, including, amongst others,

the pug and bulldog. These groups, however, do not

include all dogs, some varieties being intermediate. The
difference depends upon the relative development of the

face as compared with the brain-capsule, for in the doli-

chocephalic the face is about two-thirds as long as the

brain-capsule, while in the brachycephalic it is only about

one- third as long. The former have a strongly marked,
bony sagittal crest and a narrow brain-capsule ;

in the

latter the sagittal crest is absent, and the brain-capsule
wide. The jaws and dental arches are straight and
extended in the dolichocephalic ;

short and rapidly con-

FiG. 4.
—Dog's heart, viewed from the left side, a, left ventricle ; b, right

ventricle ; c, left auricle ; d, its auricular appendage ; e, right auricle ;

f, groove between right and left ventricles ; g, coronary groove ; h,
aorta ; i, ligamentum Botalli

", k, pulmonary artery ; /, innominate
artery ; iii, left subclavian ; n, pulmonary veins.

verging in the brachycephalic ;
in the former the pre-

molars are set straight, with well-marked intervals ; in

the latter they are closely packed, and set obliquely. The
racial peculiarities of all the several bones of the skeleton
are referred to, and a comprehensive table of pelvic
measurements of the different races is given.

It would carry us too far to draw attention to all

the details of a work like this, but there are certain

points which deserve special mention. Amongst these

may be enumerated the exact manner in which each indi-

vidual bone is described and illustrated
;
the descriptions

of the teeth, short but sufficient, including their dates of

eruption ; the account of the individual muscles and

groups of muscles, with their action
;
the descriptions of

the viscera and of the vascular and nervous systems ;
and

last, but not least, the general excellence of the illustra-

tions, in which the muscles, the blood-vessels, and the

nerves are shown up by the aid of colours and differences

of shading in a manner which gives a diagrammatic clear-

ness to what appear to be drawings made from actual
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dissections. Special mention may also be made of the
section devoted to the cerebral hemispheres, the convolu-
tions and fissures of which are minutely described and
illustrated both by diagrams and artistic representations.
The diagrams which are used to elucidate the distribution
of the vagus and sympathetic nerves are a model of
clearness

;
a reference to recent observations on the distri-

bution of white and grey fibres in these and other nerves

would, however, have added much to the physiological
value of this section. It is also to be remarked that the

sense-organs are somewhat lightly touched upon ; but in

the case of the eye and its connections with the brain,
the student is enabled to supplement the account given
by the authors by a bibliography of the subject extending
over the last twenty-five years.
A table showing the arterial and nervous supply of all

the organs of the body, including each muscle and the
several parts of the skin, occupies about twenty pages at

the end of the book, and will add greatly to its value.
An excellent index must also be mentioned, especially as

an index is often conspicuous by its absence in German
scientific works. In its printing and general get up the
book is worthy of the pains which have been bestowed

upon it by its authors and of the distinguished physio-
logist, Prof. Carl Ludwig, to whom they have inscribed
a dedication. It is to be hoped that we may soon be
able to welcome this work in an Ensrlish form.

NOTES.
A COMMITTEE has been formed at Cambridge to raise a fund

to obtain a portrait of Prof. Michael Foster. The portrait will

be presented either to the University or to Trinity College, as

the subjcribers may decide. Among the members of the com-

mittee are the Vice-Chancellor, the Provost of King's, the

Masters of Trinity, Jesus, and Downing Colleges, Sir George

Stokes, M.P., Sir George Paget, Sir George Humphry, Prof.

Jebb, M.P., Prof. Darwin, Prof. Newton, Prof. Roy, Prof.

Stanford, Prof. Stanton, and Prof. Thomson. Dr. Lea, of

Gonville and Caius College, is the treasurer of the fund.

The celebration of Prof, von Helmholtz's seventieth birthday,

deferred from August 31, was held on Monday last at Berlin.

He was congratulated in the warmest terms by the Minister of

Education, and by representatives of many scientific Societies.

Prof, du Bois Reymond, acting on behalf of the Helmholtz

Medal Committee, handed to Dr. von Helmholtz the first medal,

and said that numerous contributions to the Helmholtz Fund

had flowed in from all parts of the world, and that the Berlin

Academy of Science, with the Emperor's permission, had

undertaken the trusteeship. In the evening over 500 guests

attended a banquet at the Kaiserhof Hotel.

We regret to have to record the death of Dr. H. K. H. Hoff-

mann, one of the most distinguished German botanists. He died

on October 27. He had been for many years Professor of

Botany at Giessen and Director of the Botanic Institution there.

Prof. Hoffmann was in his seventy-third year.

With reference to the article on "Existing Schools of

Science and Art "
in Nature of October 8 (vol. xliv. p. 547),

Mr. O. S. Dawson writes :
—"It was stated at the meeting that

the St. Martin's School of Art ' had closed its doors.' I find this to

be incorrect. Certain changes have been made, but I am glad to

be able to state that this school (one of the oldest and best known
in the country) is flourishing under the new head- master, Mr.

Allen,"

The interest excited by the question of the compulsory study

of Greek brought to Cambridge on Thursday, last week, the

largest number of members of the Senate ever gathered in the

Senate House. The proposal that the question should be made
a subject of official inquiry was rejected by 525 votes against

185.
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The Museums and Lecture Rooms Syndicate, Cambridge,
have accepted on behalf of the University a cast of the model

executed by the late Sir J. E. Boehm, R.A., for his statue of

Mr. Charles Darwin. The cast has been presented by Mr.

Darwin's family, and is now placed in the lecture-room of com-

parative anatomy.

A Society for the encouragement of the study of natural

science has recently been formed at the University of Edin-

burgh. In commemoration of the fact that Darwin was once a

student of the University and a member of a similar society, it

has been named the Darwinian Society. The inaugural address

is to be delivered by the President, Prof. J. Cossar Ewart. Mr.

J. Graham Kerr (late naturalist to the Pilcomayo Expedition) is

chairman.

The anniversary meeting of the Mineralogical Society will be

held on Tuesday, November lo, at 8 o'clock. After the election

of officers and Council, the following papers will be read :
—

analysis of aragonite from Scotland, by J. Stuart Thomson ; on

minerals from the apatite mines near Risor, Norway, by R. H.

Solly ; notes on the minerals from the hematite depo its of West

Cumberland, by the same ; mineralogical notes from Torreon,

Chihuahua, by Henry E. Collins ; on the pinite of Breage in

Cornwall, by J. H. Collins ; on the occurrence of danalite, by
H. A. Miers and G. T. Prior.

On Tuesday, Dr. Burdon Sanderson delivered the first of the

Croonian Lectures before the College of Physicians in the new
lecture-room at the Examination Hall. The remaining lectures

will be given on the next three Tuesdays of November. The

subjects are the etiology of inflammation and of the acute

specific diseases, and natural and acquired immunity.

Sir Douglas Galton, F.R.S., has been asked to investigate

and report upon the sanitary state of Florence. He is to make

any recommendations and suggestions that he may deem neces-

sary.

At a meeting of the Senate of the University of Sydney on

September 21, it was resolved that Prof. Thorpe and Prof.

Ramsay should be asked to select and appoint a Demonstrator

of Chemistry to take office at the Sydney University on

March i next, the salary to be at the rate of ;^350 per annum,
and ;^63 to be allowed for passage money, such sum to be

refunded if the Demonstrator should resign his office before the

expiration of two years from his appointment. The appoint-
ment of a new Demonstrator has been rendered necessary by the

resignation of Mr. F. B. Guthrie, who has been made Analyst
to the Department of Agriculture.

The Society of Arts has completed its arrangements for the

approaching session. The first meeting will be held en Wed-

nesday, November 18, when the opening address will be delivered

by the Attorney-General, Chairman of the Council. At sub-

sequent ordinary meetings (four of which, in addition to the

opening meeting, will be held before Christmas) the following
lectures will be delivered :—Measurement of lenses, by Prof.

Silvanus P. Thompson, F. R. S. ; secondary batteries, by G. H.
Robertson

;
the World's Fair at Chicago, 1893, by James

Dredge ; spontaneous ignition of coal, and its prevention, by
Prof. Vivian B. Lewes ; burning oils for lighthouses and light-

ships, by E. Price Edwards
; dust, and how to shut it out, by T.

Pridgin Teale ; typological museums, by General Pitt Rivers ;

Iceland, by T. Anderson
; artistic treatment of jewellery and

personal ornament, by J. W. Tonks
; agricultural banks for

India, by Sir William Wedderburn. The following Cantor
Lectures will be given on Monday evenings :

—The pigments and
vehicles of the old masters, by A. F. Laurie (three lectures,

November 30, December 7, 14) ; developments of electrical dis-

tribution, by Prof. George Forbes, F.R. S. (four lectures,
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January 25, February i, 8, 15) ; the uses of petroleum in prime
movers, by Prof. William Robinson (four lectures, February 29,

March 7, 14, 21) ; mine surveying, by Bennett H. Brough (three

lectures, March 28, April 4, 11); recent contributions to the

chemistry and bacteriology of the fermentation industries, by
Dr. Percy Frankland (four lectures. May 2, 9, 16, 23). A
special course of six lectures, under the Howard Bequest, will

be delivered on Friday evenings :
—The development and

transmission of power from central stations, by Prof. W.
Cawthorne Unwin, F.R. S. (February 5, 12, 19, 26, March

4, ")•

Last week the Speaker of the House of Commons, responding
to a toast at the annual Mayoral banquet at Warwick, gave
some sensible advice about technical education. He was afraid,

he said, that there was great danger of the sums granted for the

promotion of technical education being frittered away. What

they wanted to teach was not a trade, not the particular

manipulation of the article students might have to deal with in

after life, but the principles of science as applicable to the art.

Their object should be to elevate the students above the mere

manual dexterity of the special professions to which they were to

belong.

On November 12, Mr. E. J. Humphery will read a paper
before the Camera Club on a new method of photography by
artificial light. According to the Journal of the Camera Club,

Mr. Humphery promises a process of considerable novelty and

value in practical work.

Dr. Elisha^Gray lately read before the Chicago Electric

Club a paper in which he urged the importance of the Inter-

national Congress of Electricians which is to be held in

connection with the World's Fair at Chicago in 1893. The

Congress, he thinks, should be divided into sections according
to the various interests represented, one section being devoted

to the purely scientific aspects of the subject.
"

Success," he

said,
*' will be assured from the beginning if all our interested

friends act harmoniously, and are actuated by one common desire

that the best thing shall be done, without regard to geographical
boundaries or local prejudices." Commenting on the paper
Mr. Parker pointed out that, owing to the supremacy which

America enjoys in the pi'actical development of industrial elec-

tricity, the electrical department would be the most interesting

and attractive feature of the Exhibition. He held, therefore,

that the directors of the Exhibition should give priority to this

department in all arrangements, and should do all in their power
to render the Electrical Congress a successful gathering.

Prof. Ward, the mineralogist, of Rochester, New York,
has offered to send his collection of geological specimens to the

Chicago Exhibition. It is said to be one of the most valuable

collections in the United States.

On Wednesday, October 28, a terrible earthquake visited

Nipon, the island which forms the larger part of the Japanese

Empire. The area over which the shocks were felt was wider

than was at first supposed. It extended inland to the region of

the lakes. The principal shock lasted less than two minutes,
but was of extreme violence. The subsequent shocks were not

strong enough to have done damage in ordinary circumstances,

but they sufficed to shake down walls already cracked, and

added immensely to the terrors of the night. The Times cor-

respondent, telegraphing from Hiogo on November 2, says that

great fissures had appeared in the ground at many points,

rendering roads impassable and travelling dangerous ;
and that

there had been a remarkable subsidence of the land to some

depth over large tracts of country. The vofcanic mountain

Nakusan belched forth enormous masses of stones and continuous

streams of sand and mud, and the contour of the mountain has

been completely changed by the eruption. The greatest havoc
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seems to have been caused at Ogaki, where at least looo persons

were killed, chiefly by falling buildings. Both there and at

Gifu the earthquake was followed by fires, in which many

perished. At Kitagata, Ichinomiya, Tiraguna, Kiyonsu,

Kamatsu, and other places, chiefly along the coast, great damage
was done. The city of Nagoya suffered to a less extent,

although seriously. Much distress prevails in the ruined towns,

and the Government is embarrassed in its efforts by the prevail-

ing panic, and the absence of means of communication, telegraph

lines and many miles of railway having been destroyed. Exact

details as to the extent of the calamity will probably not be

obtained for some time. On November 2 the following was the

official estimate : killed, 4000 persons ; injured, fully 5000 ;

houses destroyed, 50,000.

A GREAT rush of migratory birds seems to have passed over

Dublin during the night of May 4 last, evidently on the way
to their northern breeding- haunts. An account of the matter is

given by Mr. Allan Ellison in the new number of the Zoologist.
" While sitting in our rooms in Trinity College, about 11 p.m.,"
he says,

" we were attracted by the loud call-notes of birds

passing overhead. The night was calm and cloudy, not very

dark. We listened at the open window until about i a.m.,

when they seemed to be still passing over in undiminished

numbers. They were mostly golden plovers and dunlins,

easily recognized by their notes, but we frequently heard the

•cry of the whimbrel, or the shrill call of the common sandpiper.

It was most curious to hear these notes, at first far away towards

the south-west, gradually becoming louder as the flocks drew

nearer and passed overhead, and then rapidly passing away to

the northward. Sometimes the whole air seemed full of their

clear whistling notes : in one direction the loud, short pipe of

the golden plover, in another the shrill wheezing cry of the

dunlin, reminding one of the sound made by a whistle with

a pea in it. Sometimes a bird or two would fly quite close over

the house-tops, uttering its loud whistle close to the open

window, but they seemed for the most part to fly at a great

height."

One large meteorite and two fragments were lately received

by the Government Central Museum, Madras, through the Board

of Revenue. Mr. Edward Thurston, the Superintendent of the

Museum, quotes in his report for 1S90-91 the following state-

ment, by the Tahsildar of Tirupatur, in the Salem district, as to

the conditions under which these stones fell :
—"On June 4, 1890,

about 8 a.m., there was a sudden clap of thunder, accompanied

by an unusual rumbling noise. At this time two stones are

said to have fallen in the village of Kakangarai. The fall of

both the stones occurred at the same time in adjacent fields, and

was witnessed by rayats, who were ploughing close by at the

time. One stone appears to have been broken up and divided

among the rayats, while the other was taken charge of by the

village munsif. The large specimen weighs \\\ ounces, and

the fragments weigh about I ounce and \ ounce respectively."

The sponge trade of the Bahama Islands forms the subject of

an excellent report by the U. S. Consul at Nassau. The num-

ber of persons engaged in this industry in the Bahamas is from

5000 to 6000, all of whom, except the shipowners, brokers, and

skippers are coloured people. The sponges are gathered by
means of iron hooks attached to long poles. By using a water-

glass the fisherman can readily discover the sponges at the

bottom, and then with his pole and hook he will bring up those

he may select as fit for his purpose, leaving the smaller ones un-

touched. Some sponges adhere firmly to the bed of the sea,

while others—-"known as "rollers"—are not attached at all.

About ten years ago an attempt was made to introduce dredges,
but it seemed likely that they would ruin the beds, and a law

was passed forbidding their use. The vessels are provided and
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titted out, as a rule, for a voyage of about six weeks, and

generally from six to eight voyages are made in the year. It is

difficult to estimate the average catch per trip, as the cargoes

vary greatly in size and value. Of the larger sponges a catch of

5000, or of the smaller ones 7500, would be considered a fair lot.

Occasionally a cargo of from 12,000 to 15,000 large sponges has

been brought in, but this success is exceptional. Contradictory
statements are made as lo the lime taken by sponges to grow
to the size at which they are wanted. It seems probable,

however, that under ordinary conditions a healthy sponge will

reach a marketable size in from twelve to eighteen months.

Extensive excavations of the prehistoric mounds in Ohio

and Indiana have lately been carried on under the supervision
of Prof. Patnam. In one mound, near Anderson Station,

Indiana, 7232 flint spear-heads and knives have been discovered.

They were found in a layer one foat thick, extending over a space
of twenty by thirty feet. They are made of grey flint found

only in Indiana. The largest find of flint implements previously

made in America did not include more than 1800 specimens.

Statistics published by the French Ministry of Public In-

struction show that there are in France 525 learned Societies, of

which 135 have been officially recognized as of national im-

portance. Of these 525 Societies, 95 are historical and social ;

95 agricultural and horticultural ; 57 medical and pharma-
ceutical

; 45 scientific ; 41 artistic
; 37 geographical ;

and the

rest miscellaneous, including photographic, statistical, and

ballooning associations.

Prof. Kikuchi, of Tokyo, whose Japanese treatise on geo-

metry we noticed briefly a year or two since, has now published a

translation of his work into English. In the first Japanese Par-

liament Prof. Kikuchi had the honour to be made a life member

of the House of Peers by the Emperor (" this does not constitute

peerage as in England"), and at the request of the Department
of Agriculture and Commerce he was one of the original framers

of the Weights and Measures Bill.

The Cambridge University Press has published a second

edition of Mr. S. L. Loney's
" Treatise on Elementary

Dynamics." The book is intended for beginners, the author

having dealt only with those parts of dynamics which can be

treated without the use of the infinitesimal calculus. In the

present edition the work has been carefully revised and some-

what enlarged.

The first part has now been issued of the Zeitschrifi fiir

PJlanzcnkrankheiten, edited by Dr. Paul Sorauer, with the assist-

ance of an " International Phytopathological Committee." The

journal is intended to be published bi-moathly, at a subscription

of 15 marks per annum; and will contain original articles, re-

views, and news, extending over the whole subject of the diseases

of plants and the remedies for these diseases.

Messrs. Cassell and Co. have issued Part 37 of their
" New

Popular Educator." Besides many illustrations in the text,

there is a coloured plate representing sea-jellies and sea-stars.

Free hydroxylamine, NH.^OH, has been isolated by M.

Lobry de Bruyn, and a preliminary account of its mode of pre-

paration and properties is published by him in the current num-
ber of the Recueil des travaux chimigties des Pays-Bas (1891, 10,

loi). The manner in which the free base was obtained was

briefly as follows. About a hundred grams of hydroxylamine

hydrochloride, NHoOH. HCl, were dissolved in six hundred cubic

centimetres of warm methyl alcohol. To this solution a quantity
of sodium dissolved in methyl alcohol was added, in such pro-

portion that the hydrochloride of hydroxylamine was present
in slight excess over and above that required to convert it to

sodium chloride. After deposition of the separated sodium
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chloride the solution was decanted and filtered. The greater

portion of the methyl alcohol was next removed by distillation

under the reduced pressure of i6o-20d mm. The remainder was

then treated with anhydrous ether, in order to completely pre-

cipitate the last traces of dissolved sodium chloride. The liquid

eventually separated into two layers, an upper ethereal layer

containing about 5 per cent, of hydroxylamine, and a lower

layer containing over 50 per cent, of hydrjxylamine, the re-

mainder of the methyl alcohol, and a little dissolved salt. By
subjecting this lower layer to fractional distillation under 60 mm.

pressure, it was separated into three fractions, of which the first

contained 27 per cent, of hydroxylamine, the second 60 per

cent., and the third crystallized in the ice-cooled receiver in long
needles. This third fraction consisted of free solid NH.,OH.

Hydroxylamine as thus isolated in the free state is a very

hygroscopic substance, which rapidly liquefies when exposed to

air, owing to the absorption of water. The crystals melt at 33°,

and the fused .substance appears to possess the capability of

readily dissolving metallic salts. Sodium chloride is very largely

soluble in the liquid ; powdered nitre melts at once in contact

with it, and the two liquids then mix. Free hydroxylamine is

without odour. It is heavier than water. When rapidly heated

upon platinum foil it suddenly decomposes in a most violent

manner, with production of a large sheet of bright-yellow flame.

It is only very slightly soluble in liquid carbon compounds such

as chloroform, benzene, ether, acetic ether, and carbon bisul-

phide. The vapour attacks corks, so that the solid requires to

be preserved in glass-stoppered bottles. The free base appears
also to act upon cellulose, for, upon placing a few drops of the

melted substance upon filter paper, a considerable amount of heat

is evolved. The pure crystals are very stable, the base in the

free state appearing to possess much greater stability than when
dissolved in water. The instability of the solution appears,

however, to be influenced to a considerable extent by the alka-

linity of the glass of the containing vessel, for concentrated

solutions free from dissolved alkali are found to be perfectly

stable. Bromine and iodine react in a remarkable manner with

free hydroxylamine. Crystals of iodine dissolve instantly in con-

tact with it, with evolution of a gas and considerable rise of

temperature. Bromine reacts with violence, a gas again being

explosively evolved and hydrobromic acid formed. The nature

of the gas evolved is now undergoing investigation. A letter

from M, Lobry de Bruyn appears in the number of the

Chciniker Zeiitmg for October 31, warning those who may at-

tempt to prepare free hydroxylamine by the above method that

it is a dangerously explosive substance when warmed to a tem-

perature of 80°- 100'. Upon warming a flask containing the

free solid base upon a water-bath a most violent explosion
occurs. A spontaneous decomposition appears to set in about

80°, and even in open vessels the explosion is very violent. Care

must also be taken during the fractional distillation of the con-

centrated solution in methyl alcohol to cool the apparatus before

changing the receiver, as if air is admitted while the retort is

heated the experiment ends with an explosion.

The additions to the Zoological Society's Gardens during the

past week include a Rhesus Monkey {Macacus rhesus ? ), two

Macaque Monkeys [Macacus cynomoigus <J ? ), a Bonnet Mon-

key {Macacus sinicus ? ) from India, two Roseate Cockatoos

(Cacatua roseicapilla), a Greater Sulphur-crested Cockatoo

{Cacattia galerita), two Cockateels {Calopsitta nova-hollattduE)

from Australia, presented by the Rev. Sidney Vatcher
; two

Rhesus Monkeys (Macacus rhesus <J i ) from India, presented

by Mr. John H. Taylor ; a Macaque Monkey Macacus cynomoi-

gus i )
from India, presented by Mr. K. A. Williams

; a Vak

(Poephagus grunniens (? ) from Tibet, presented by Mr. M. E.

C. Ingram ; a Corn Crake(C;Y.v pi-atensis), British, presented by
Mr. E. Hart, F.Z.S. ; two Woodcocks [Scolopax rusticola),
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British, presented respectively by Mr. Hamon Le Strange,.

F.Z. S., and Mr. William Bellamy ; two Water Vipers (Ctv/c/^nj-

piscivorus), a Water Rattlesnake {Crolalus adamantcus) from

Florida, presented by the Natural History Society of Toronto
;

a Small-scaled Mastigure {Uromastix microlepis) from Persia,

presented by Mrs. Howell ;
an Alligator {Alligator mississippi-

ensis) from the Mississippi, presented by Mr. W. Chattaway ;

two Bearded Vultures {Gypaclus barbatus), European, deposited ;.

a Molucca Deer {Cervus moluccensis), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
The Telluric Spectrum.— Dr. Miiller has made some

observations of the telluric spectrum on the summit of the

Santis, and his results are given in a recent publication of Pots-

dam Observatory (vol. viii.. No. 27). The observing station

was situated at a height of 2500 metres above sea-level. It was
found that when the sun had a mean altitude, about 40 per
cent, of the lines due to the water vapour in the atmosphere
were quite invisible, and the remainder were very weak. Whilst

the zenith distance of the sun was less than 60°, the appearance
of the spectrum remained unchanged. At greater zenith dis-

tances the weak lines increased in intensity and the missing
ones gradually appeared. Measurements of the intensities of

single lines observed on different days and at different zenith

distances indicate a variation roughly proportional to the thick-,

ness of atmosphere traversed. The aspect of the portion ot

spectrum observed was on the whole strikingly similar to that

seen when observations were made near sea-level on dry and,

cold days. This is in agreement with the fact that the vapour,

pressure on mountains in summer is approximately equal to that

on the plains in winter. Careful estimations of the intensities

of the atmospheric lines at C and D might therefore be utilized

to determine the decrease of the amount of vapour present in,

the air at different elevations. With regard to other atmo-

spheric lines. Dr. Miiller observed changes in the a-group. The.

whole of the lines of this group, however, were easily seen at

the mountain station when the sun had a high altitude, and the

difference of intensity there and in the plains was considerably
less than in the groups C and D. Two maps are given illus-

trating the appearance of the lines in the neighbourhood of C and
D for different zenith distances of the sun.

Tempel-Swift's Periodic Comet.—The following ephe-
meris is given by M. Bossert in Astronomische NachricJiten,

No. 3063 :—
Ephenieris for Paris Midnight.

1891. Right Ascension. Declination. Brightness,

h. m. s. J ,

Nov. 3 ... 21 31 22 ... + 7 496 ... loi

„ 5 ... 21 37 6 ... 8 37-5

„ 7 ... 21 43 17 ... 9 277
„ 9 ... 21 49 59 ... 10 19-3

,, II ... 21 57 13 ... II i5'i ... ir9,
,, 13 ... 22 4 59 ... 12 I2-I

„ IS ... 22 13 19 ... 13 11-2

,, 17 ... 22 22 14 ... 14 I2'0

,, 19 ... 22 31 45 ... 15 14-4 ... I3'S

,, 21 ... 22 41 54 ... 16 l8"0

,, 23 ... 22 52 41 ... 17 22*2

,, 25 ... 23 4 6 ... 18 26-6

„ 27 ... 23 16 9 ... 19 30-5 ... I4'4

„ 29 ... 23 28 48 ... 20 33-2
Dec. I ... 23 42 I ... 21 33-9

„ 3 ••• 23 55 46 ... 22 318
,, 5 ••• 09 57 ... 23 26-2 ... 14-0,

,, 7 ... o 24 30 ... 24 16-3

„ 9 ... o 39 18 ... 25 1-4

,, II ... o 54 15 ... 25 4i'o

,, 13 ... I 9 13 ... 26 149 ... I2'0

The comet is moving north at the rate of i" per day. It will

be in Pegasus all this month, and will pass about 4° north of

o Pegasus (Marcab) near the 23rd inst. The maximum bright-

ness is reached at the end of the month.

Catalogue of Rutherfurd's Photograph.s.—A year

ago Dr. Lewis Rutherfurd presented to the Observatory of

Columbia College all his photographic negatives taken between
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the years 1858 and 1878, and thirty quarto volumes containing
the measures of many of them. The Annals of the New V>rk

Academy of Sciences, vol. vi., June 1891, contains a catalogue of

these negatives. There are 139 negatives of the sun taken

between i860 and 1874, each of which has the time of exposure
marked upon it. Several negatives were taken of the eclipses

of i860, 1865, and 1869. The solar spectrum is the subject of

160 negatives and 14 positives. The list of lunar negatives
numbers 408, 40 of which are c )vered for protection. Mars
was photographed in 1877, and the transit of Mercury in the

following year. It is hoped soon to issue reductions of the

measures of the numerous negatives of stars and clusters.

THE INSTITUTION OF MECHANICAL
ENGINEERS.

A GENERAL meeting of the Institution of Mechanical^
Engineers was held on Wednesday and Thursday even-

ings of last week, the 28th and 29th ultimo. The meeting took

place at the Institution of Civil Engineers, Great George Street,

the theatre having been lent by the Council of the latter Society
for the purpose. The President, Mr. Joseph Tomlinson, occu-

pied the chair, and there were two papers on the agenda. The
first of these, taken at the Wednesday's sitting, was " On some
Details in the Construction of Modern Lancashire Boilers," by
Mr. Samuel Boswell, of Manchester. The evening of Thursday
was occupied with the reading of "The Report to the Alloys
Research Committee," made by Prof. W. C. Roberts-Austen,

C.B., F.R.S.
The first paper does not call for much attention at our hands.

It dealt exclusively with boiler-making practice, and can hardly
be of much interest outside the boiler-shop and draughting
office. Within these limits the paper is one of great value,

and therefore will occupy a most fitting place in the Proceed-

ings of the Institution. The contribution of Prof. Roberts-

Austen was of a very different description ; and although
it may not appeal so directly to the majority of mechanical

engineers, it can hardly fail to improve the practice of engine
construction, and advance the science of the production of

mechanical energy many steps nearer that ideal of efficiency
which is the goal all good engineers should keep in view. We
have on previous occasions dwelt upon the excellent work done

by the various Research Committees appointed by the Council of

this Institution, and we can think of no better way in which the

surplus funds of the Institution could be spent. Of all these

Research Committees, it may be said that that appointed to con-

sider the question of alloys is the most comprehensive and

important, for we appear to be fast coming to a period when

engines will consist almost wholly of two alloys
—

namely, brass

and steel. Cast-iron will naturally continue to be used for

massive parts where comparatively great weight is of small

importance, but wrought-iron is every day giving place to steel,

and steel castings have already almost entirely superseded those

of iron in positions where it is desirable to combine lightness
and strength.

Prof. Roberts-Austen's report is a long document occupy-

ing twenty-four pages of the Proceedings, and illustrated by
several diagrams. We shall therefore, with the space at our

command, be able to do little more than give an outline of its

scope, or at any rate we can do no more than dwell on a few of

the more salient features. In dealing with the question of iron

and its alloys, the author assumed the reader to have an acquaint-
ance with the work of the talented French physicist Osmond,
of whom, as is well known, Roberts-Austen is a great admirer.

Osmond holds that the results of his experiments show that there

are two distinct varieties of pure iron—namely, the o or soft

form, and the j3 or hard form. M. Osmond, it will be re-

membered, set forth his views in a paper read at the meeting of

the Iron and Steel Institute, held in 1890.1 Mr. Roberts-Austen
had previously commenced an investigation upon the application
of the "periodic law" of Newlands and Mendeleeff to the

mechanical properties of metals, and the Research Committee

requested him to carry his work in this direction still further.

This law, as originally expressed, states that "the properties of

the elements are a periodic function of their atomic weights."
It has been shown that the effect of impurities added to gold is

nearly proportional to their atomic volume, the larger the

volume of the atom the greater being its effect.'' It became
' See also Coiitptes rendus, vol. ex., 1890, p. 346.
^

Philosophical Transactions of the Royal Society, vol. clxxix., i838,
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interesting to determine, therefore, whether this holds good for

other metals. Osmond had determined that the action of im-

puiities on iron does appear to be in accordance with the

periodic law
;
and he had arranged the elements in the following

order in accordance with their atomic volumes, found by divid-

ing their atomic weight by their specific gravity :
—

Carbon 3*6
Boron 4'i
Nickel 6" 7

Manganese 6 "9

Copper 7 "I

II.

'Chromium 77
Tungsten 9 "6

Silicon 1 1 '2

Arsenic 13 "2

Phosphorus 13*5

Sulphur 137

Osmond pointed out that the elements in column I., whose
atomic volumes are smaller than that of iron (7 '2), delay during
cooling, C(vteris paribus, the change of hard iron into soft iron,

as well as that of "hardening carbon" into "carbide carbon."

For these two reasons they tend to increase, with equal rates of

cooling, the proportion of hard iron that is present in the

cooled iron or steel, and consequently the hardness of the metal.

The elements in column II. tend to raise, or maintain at

its normal position during cooling, the temperature at which
the change of hard to soft iron takes place. Further, they
render the inverse change during heating more or less in-

complete, and usually hasten the change of dissolved or

hardening carbon to carbide carbon. Thus they maintain iron

in the soft state at high temperatures, and must therefore

have the same effect in the cooled metal. In this way ihey
would act on iron as annealing does, rendering it soft and

malleable, did not their individual properties, or those of their

compounds, mask this natural consequence of their presence.
The essential part played by foreign elements alloyed with iron

is therefore either to hasten or to delay the passage of iron during

cooling to an allotropic state
;
and to render the change more or

less incomplete in one direction or the other, according to

whether the atomic volume of the added impurity is greater or

less than that of iron. In other words, foreign elements of low
atomic volume tend to make iron itself assume or retain the

particular molecular form which possesses the lowest atomic

volume ;
whilst elements with large atomic volume produce a

reverse effect. The report goes on to point out that the effect of

impurities on iron is far more complicated than in the case of

gold ; the latter being probably more simple in its molecular

structure. Also if iron, by itself, can exist in two widely
different states, the mechanical properties will be affected by
the proportion of each. Lead also, which was one of the metals

the Committee selected for investigation, probably exists in more
than one modification. The author had made many experiments
on the mechanical properties of lead as affected by a small

quantity of impurity, but had not brought the resultsto any con-

cordant or definite conclusion, and the inquiry was laid aside

for a time. The fundamental necessity in carrying out the work
of the Committee was a trustworthy pyrometer which would
measure higher temperatures, and fortunately an instrument

which appears to fulfil these conditions is now to be procured.

This, we need hardly say, is the Le Chatelier pyrometer.
This instrument consists of a thermo-couple of platinum
and platinum-rhodium wire, the record being obtained by
the measurement of the electric current produced. An auto-

graphic record is obtained by means of a spot of light
thrown from a mirror attached to the galvanometer which
measures the current. This spot of light is thrown on. to a

sensitized plate (Eastman's film) which is caused to travel by
suitable means so as to give the time factor. The amplitude of

the deflection naturally gives the temperature of the substance

which is supplying the heat to the thermo-couple The calibra-

tion has been carefully effected by observations at known tem-

peratures ; and the instrument has been tested by observations

in connection with the liquation of silver-copper alloys, about
which a good deal is known.
The report next proceeds to deal with the effect of small

quantities of impurity on the freezing point of gold
—a metal

which offers special advantages for investigations of this nature,
as it may be prepared in a very high degree of purity, and is not
liable to contamination by oxidation. Moreover, much is

already known of its mechanical and thermal properties as in-

fluenced by small quantities of impurity. The effects of certain

alloys upon gold are given in the report, and are well worth

study on the part of those inquirers who wish to prepare them-
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selves for a better understanding of the alloys of metals which

come within the scope of every-day eKperience.
From the engineer's point of view, as the report state?, the

most interesting information which the pyrometer has yet
afforded is connec ed with the measurement of the internal

stresses in iron and steel. The molecular change which
takes place in steel mu«.t be of vital importance when the metal

is subjected at high temperature to mechanical operations such

as rolling or forging. "Do the molecular changes in the iron

take place at one moment throughout the mass of metal ? that

is, is the rate of cooling approximate throughout the mass, or

does the external portion of the ingot cool so much more rapidly
than the centre as to allow the molecular changes in the iron,

and the relation between the carbon and the iron, to become

completed near the surface long before they take place in the

interior of the mass ?
" The pyrometer used allows some insight

to be gained into this hitherto unassailable problem. A small

ingot of mild steel had two holes drilled into it, one near the cir-

cumference, and the other at the centre. Theingot was heated,

and a thermo-junction was inserted in each hole. In this way
curves of temperature were obtained simultaneously. With the

mild steel the evidence as to molecular change was but slight.

Another ingot of steel, containing 0799 per cent, of carbon,

0'o84 per cent, of silicon, and 0*4 12 per cent, of manganese,
was tried in the same way. The initial temperature at the

centre was 1160° C. The curve showed the molecular

change at 880" C, and the carbon change at 696° C.

At the circumference the carbon change took place no less

than four minutes earlier than at the centre, and at the

lower temperature of 665° C. This is a most important

point, as the rate of cooling, as Osmond has pointed out,

has a measurable effect upon the temperatures at which

molecular change occurs. The great internal strain which

must be set up is evident when it is borne in mind that the

carbon change is accompanied by a considerable alteration of

volume. It is pointed out in the report that
" there can be

but little question that such experiments well deserve careful

attention, and, in the hands of competent observers, should be

fruitful of results."

On the conclusion of the reading of the paper, the Presi-

dent called for a discussion, when Dr. Anderson was the

first to rise. He spoke in terms of warm praise as to the

value of the work done by Prof. Roberts- Austen. As an in-

stance, he mentioned that the method described in the report, by
which the temperatures of an ingot could be obtained simul-

taneously at the centre and the circumference, would be of the

greatest use in dealing with the large pieces of steel used for

gunhoops ;
and he expected great help from this in the work at

the Royal Arsenal.

Mr. R. Hadfield, of Sheffield, followed. He gave a summary
of the effect of the most prominent alloys of iron. This table

will form a useful appendix to the report when published in the

Transactions of the Institution.

Prof. Howe, of Boston, gave an instance in which the Le

Chatelier pyrometer had been turned to good practical account.

This was in the Rodman system of gun-casting. In that pro-

cess it was most desirable to know the varying temperatures
of different parts of the cast, but naturally this had been hitherto

impossible. By inserting a thermo couple in the mould it was

possible to get this information at all times. He thought the

Le Chatelier pyrometer the greatest boon that metallurgists had

received for very many years.

The next speaker was Prof. Arnold, of Sheffield, who made a

certainly vigorous speech. We think, however, that he was

rather carried away by his enthusiasm. To say that the work

done by the author of the report was "not worth a rush," is

rather straining the prerogative of rhetoric ; and we failed to

see, when Prof. Arnold descended to facts, that he justified the

florid language of his exordium. Prof. Roberts-Austen, in his

reply, gave an example of forbearance and good temper which

it would be well if men of science could often follow. It was

satisfactory to notice that the feeling of the meeting was by no

means in accordance with Prof. Arnold.

Mr. Stromeyer added to the work done a useful table in which

were collated the opinions of various authorities on the effect of

alloys upon iron. The table was not read, but will be pub-
lished in the Proceedings. Such work as this is very acceptable.

It involves a great deal of labour and brings but small reiurn in

the way of praise and glory, which of course are two things to

which a true follower of science is profoundly indifferent.
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Mr. Stead, of Middlesborough, protested against Prof.

Arnold's remarks, and spoke of the value of the author's work.
The testimony of Mr. Stead is valuable, as he combines the

position of a practical investigator, working for commercial ends,
and a man of science.

The meeting broke up after passing the usual votes of thanks.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—The Junior Scientific Club held their first meeting
this term in the Physiological Laboratory at the Museum, under
the presidency of Mr. R. S. Gunther, of Magdalen.

Mr. W. Pullinger, of Baliiol, read a paper on volatile platinum

compounds, and exhibited prepared specimens.
Mr. A. F. S. Kent, of Magdalen, indicated improvements in

the manipulation of photo-micrography whereby the effect of
tremors was excluded, and passed through the lantern some very
excellent slides which he had taken from negatives obtained by
his new method.

Mr. G. E. C. Pritchard, of Hertford, exhibited specimens of

Bacteria, and described the method whereby they had been
obtained and prepared for microscopic exhibition.

Dr. Collier read a paper of a very interesting character on the

physiology of muscular exercise with special reference to training,
in the course of which he traversed some statements recently
made by Sir Morell Mackenzie, to the effect that fatigue was
due to the cessation of blood flowing to the muscles. Dr.

Collier would rather attribute fatigue to the development of

waste- products in the muscle, formed too rapidly for the blood

to remove them, and quoted experiments carried out on frogs
which seemed to support this view.

Cambridge.—The Agricultural Education Syndicate, in view
of a grant of ;if40O a year from the Cambridgeshire County
Council, recommend that a lecturer in agricultural science, who^

shall also be director of agricullutal studies, should be appointed
at a stipend of ^^500. They also propose that a second lecturer

be appointed at a stipend of ;^ 300. These two lecturers would
take between them the subjects of agricultural botany and

agricultural chemistry.
The degree of M.A. honoris causA has been conferred on the

distinguished entomologist Mr. D. Sharp, F.R. S., Curator in

Zoology at the University Museums.
Dr. Sir A, Geikie and Dr. T. G. Bonney have been ap-

pointed adjudicators of the Sedgwick Prize of 1895.
At St. John's College, on November 2, the following were

elected to the vacant Fellowships : William McFadden Orr,

B.A., Senior Wrangler, 1888; Edward Ernest Sikes, B.A.,
First Class (Division i), Classical Tripos, 1889, Newton Student

in Archaeology ;
Percival Horton-Smith, B. A., First Class

Natural Sciences Tripos, 1889-90 (distinguished in physiology),
late Hutchinson Student in Physiology.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, October 26.—M. Duchartre in the

chair.—On the theory of Hertz-oscillations, by M. H. Poincare.
—On a new mineral—boleile, by MM. Mallard and E. Cumenge.
The new mineral occurs with copper in volcanic tuff and con-

glomerate found near Santa Rosalia, Lower California. It

crystallizes in the cubic system, and its composition is repre-

sented by the expression PbCis -t- CuO.HoO -1- ^AgCl. Its

density is a liltle greater than that of calcite ; cleavage easy

parallel to the faces of cube, much less easy parallel to faces of

octahedrons. Approximate index of refraction, 2"07.
—Vaso-

motor action of bacteria, by M. Ch. Bouchard.—Contribution

to the botanical history of the truffle (fourth note) : Kama of

Bagdad {Tcrfezia Hajizi zx^d. Terfezia inetaxasi) and of Smyrna

{Terfezia Lconis), by M. Ad. Chatin.—On a storm observed at

the Canary Islands. This is an extract from a memoir by M.

de la Monneraye.
—On the original causes of cyclones, and on

their precursory signs : extract from a memoir by M. Le

Goarant de Tromelin.—On the theory of the voltaic pile, by
M. P. Duhem.—Experimental researches on a category of

capillary phenomena, with an applicatitm to the analysis of

alcoholic liquids and others, by M. Emile Gossart.— On bromo-
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etannates, by M. I^eteur. The author lias prepared the fol-

lowing bromostannates, the general method consisting in mixing
concentrated solutions of the two bromides, and evaporating the

mixture in a vacua n or dry air: SiiBr4NH4Br, SnBr4NaBr
+ 6H._,0, MgBro . SnBr4 + 10H2O.

—On a new crystalline
ferric oxychloride, by M. G. Rousseau. Concentrated solu-

tions containing more than 80 per cent, of FegCIg, if kept
for some time at a temperature between 160^ and 220° C,
give rise to crystalline ferric oxychloride, 2Fe203. FeoClg. 3H0O.
The author has studied the decomposition of solutions of ferric

chloride at temperatures higher than 220°. Between 225° and
280° anhydrous oxychloride (aFegO:, FegClg) was obtained. At

temperatures between 300° and 340° a new oxychloride was

formed, having the composition 3Fe203. FejClg.
—On the estima-

tion of thallium, by M. H. Baubigny.
—On the solution of

bismuth chloride in saturated solutions of sodium chloride, and
on the basic salicylate of bismuth, by M. H. Causse.—On a

characteristic difference between the alcoholic radicles substi-

tuted in place of carbon and nitrogen, by M. C. Matignon.
From a thermo-chemical investigation the author finds

that the substitution of an alcoholic radicle for nitrogen
increases the heat of combustion more than the sub-

stitution of the same radicle for carbon.—Action of ben-

zoic acid on essence of turpentine, by MM. G. Bouchardat
and J. Lafont.—On the formation of quaternary iodides

of ammonium by the action of trimethylamine, in concen-
trated aqueous solutions, or the hydriodic ethers of several

primary and one secondary alcohol, by MM. H. and A. Malbot.—On a new albuminoid substance in the blood serum of man,
by M. C. Chabrie.—The soluble substances of the pyocyanic
bacillus producing fever, by M. A. Charrin.—Experimental
progressive muscular atrophy, by M. Roger.

—Some anatomical
characteristics oi Hypei-oodon rostratus, by M. E. L. Bouvier.—
Apropos the chromatophores of Cephalopods, by M. Raphael
Blanchard.—Physiology of the nerve which enables us to

localize sounds, by M. Pierre Bonnier.—On a method for

destroying insects injurious to the beetroot and cereals, by M.
Decaux.

DIARY OF SOCIETIES.
London.

THURSDAY, November 5.

^iNNEAN Society, at 8.—A Theory of Heredity based on Force instead of
Matter : Rev. Prof. Henslow.

.Chemical Society, at 8.—The Disociation of Liquid Nitrogen Peroxide :

J. Tudor Cundall.—The Magnetic R nation of the Ammonium and
Sodium Salts of Fatty Acids : Dr. Perkin, F. R.S.—The Vapour- Pressures
and Molecular Volumes of Acetic Acid and of Carbon and Tin Tetra-
chlorides : Prof. S. Young.—The Ortho- and Para-nitro Derivatives of
Orthotoluidine : A. G. Green and T. A. Lawson.—Researches on the
Gums of Arabin Group, Partll. : C. O'SuIlivan, F.R.S.

Camera Club, at 8.30.
—The Action of Light and Heat upon the Haloid

Silver Salts : Dr. J. J. Acworth.

FRIDAY, November 6.

Physical Society, at 5.
—On Corresponding Temperatures, Pressures, and

Volumes : Prof. Sydney Young.
Geologists* Association, at 8.—Conversazibne.

SATURDAY, November 7.

Essex Field Club, at 7.
—Notes concerning the Distribution of Mollusca

in the Thamei Estuary : A. J. Jenkins.—Some Remarks upon the

Aquatic Plants and Algae of the Thames Marshes: A. J. Jenkins.
—

On the Occurrence of Westleton Beds in part of North-Western Essex :

J. French.

SUNDAY, November 8

Su.mday Lecture Society, at 4 —The Personal Life of Shakespeare : W.
E. Church.

MONDAY, November 9.

Camer.\ Club, at 8.30.
— Lenses, IL : Lyonel Clark.

TUESDAY, November 10.

MiNERALOGlCAL SOCIETY, at 8.—Anniversary Meeting.
Institution of Civil Enginkhrs, at 8.—President's Address: George

Berkley.
—Presentation of Medals, Premiums, and Prizes.

Photographic Society, at 8.

WEDNESDAY, November ii.

Geological Society, at 8.—On Dacrytherium ovinum from the Isle of

Wight and Quercy: R. Lydekker.—Supplementary Remarks on Glen

Roy : Thos. F. Jamieson.

THURSDAY, November 12.

Mathematical Society, at 8.—On the Classification of Binodal Quartic
Curves: H. ^I. Jeffery, F.R.S.—On Selective and Metallic Reflection :

A. B. Basset, F.R.S.—On a Class of Automorphic Functions: Prof. W.
Burnside.—The Contacts of Systems of Circles : \. Larmor.—Note on the
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Identity 4 (.i-/*
-

-C)\x -
i)
= Y-'±/Z-: Prof. G. B. Mathews.—Note on

Finding the G Points of a given Circle with respect to a given Triangle of
Reference : J. Griffiths.

Institution ok Electrical Engineers, at 8.—Description of the
Standard Volt and Ampere Meter used at the Ferry Works, Thames
Ditton: Captain H. R. Sankey (late R.E.)and F. V. Andersen.

Camera Club, at 8.30.
—A New Method of Photography by Artificia

Light : K. J. Humphery.

FRIDAY, Nove\iber 13.

Royal Astronomical Society, at 8.

Institution of Civil Enginerrs, at 7. 30.
—

Description of the Works an
the Barking and Pitsea E.xtension Railway : Henry E. Stilgoe.

—Rail Pile

Bridges in Ceylon : Harry Bucknall.
Ca.mera Club, at 8.—Retouching : Redmond Barrett.

SATURDAY, November 14.

Royal Botanic Society, at 3.45.

BOOKS, PAMPHLETS, and SERIALS RECEIVED.
Natural Theology : Sir G. G. Stokes (Black).—Elementary Trigonometry :

J. M. Dyer and Rev. R. H. Whitcombe (Bell).
—Fundamental Problems;

Dr. P Carus, 2nd edition (Chicago).
— L'Amateur d'Oiseaux de Volicre : H.

Moreau (Paris. Bailliere).
—Les Coquilles Marines: A. Locard (Paris, Rail-

Here).
—Ciolour- Blindness and Colour-Perception : Dr. F. W. Edridge-

Green (Paul).—Handleiding tot de Kennis der Flora van Nederlandsch
Indie : Dr. J G. Boerlage, Tweede Deel, Eerste Stuk (Leiden, Brill).

—Star

Groups: J. E. Gore (Lockwood).—Elementary Thermodynamics : J. Parker

(Cambridge University Press).
—Report on the Meteorology of India in

1889 : J. Eliot (Calcutta).— Copernic et la Decouverte du Systeme du
Monde: C. Flammarion (Paris, Marpon and Flammarion). — Moral Teach-

ings of Science : A. B. Buckley (Stanford).
— Further Reliques of Constance

Naden ; edited by G. M. McCrie (Bickers).
—The Wire and the Wave :

J. Munro (R.T.S.).
—
Ytterligare om Gadolinit-Jordens Molekylarvigt :

A. E. Nordenskiold (Stockholm).—Notes on the Recent Geometry of the

Triangle: J. Griffiths (Simpkin).
—

Journal of the Royal Microscopical
Socieiy, October (Williams and Norgate).—Illustrations of the Flora of

Japan, vo'. i. No"". 7. R. (Tokj'o).
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THE HYGIENE OF WATER-SUPPLY.

An Elementary Hand-book on Potable Water. By Floyd

Davis, M.Sc, Ph.D. (Boston, U.S. : Silver, Burdett,
and Co., 1891.)

THE aphorism that
"
history repeats itself" is being

very strikingly illustrated in the matter of hygiene
at the present day. Questions- respecting water-supply

and the public health generally, which in this country
were absorbing much of scientific attention some fifteen

or twenty years ago, have only within the last decade

begun to be seriously dealt with even in the most civi-

lized of Continental countries and in the United States.

Indeed, although we are indebted for much of the recent

progress which has been made in what may be called

the theory of hygiene to our Continental neighbours, yet

in matters of actual practice we still hold, undisputedly,

the first place among nations. The practice of hygienic

principles cannot be introduced by Act of Parliament or

Imperial ukase ; it is the growth of years, or rather gene-

rations, and is quite independent of the establishment

of hygienic institutes and bacteriological laboratories.

In a few hours of Continental travel, it is possible to

visit University towns provided with hygienic labora-

tories, munificently equipped, in which food-stufTs are

daily submitted to elaborate analysis, whilst water and
milk are searchingly interrogated as to the micro-

organisms which they contain
;
and yet side by side with

these refinements we find sanitary conditions, even in the

houses of the well-to-do, which would hardly be found in

the alleys and purlieus of one of our manufacturing
centres. It is far from my wish or purpose to deprecate
the establishment of institutions for the prosecution of

hygienic inquiries on a scientific basis
;
on the contrary,

such places are calculated to enormously accelerate the

achievement of sanitary improvements, and to economize

time, money, and human life, which are ruthlessly

wasted when these improvements are attained as the

result of empiricism and the operation of natural forces.

Our position of supremacy in practical sanitation is

mainly due to the long period of domestic repose and

prosperity which we have enjoyed, and which has led us

to turn our attention to the prevention of the unnecessary
sacrifice of human beings even in civil life ; but who can

doubt that this position would have been much more

rapidly gained if these endeavours had been always

guided by scientific knowledge and systematic experi-

mental inquiry ? Even as it is, the path to our present

position has been much shortened, and has been rendered

less costly both as regards life and money, by the time

and attention which have been bestowed upon sanitary

matters by men of high scientific attainments. It is

earnestly to be hoped that the recent Hygienic Congress
held in our midst will have convinced those who control

the purse of this country that a national effort must be

made to maintain our position in the scientific as well as

the practical progress of the century. We have not to
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deplore any shortcoming in the quality of the scien-

tific work which emanates from us ; in originality and as

pioneers in all departments of science we are second to

none ; but quantitatively we are lamentably deficient,

and in consequence, it is only too frequently the case

that we have to leave to others the cultivation of those

fields which we have ourselves had a large share in dis-

covering. This is most conspicuously the case in the

matter of hygiene ;
and after the highly discreditable

obstruction, with which the foundation of our National

Institute of Preventive Medicine was recently harassed,

has now happily been swept away, we trust that public
if not Government support will be forthcoming in the

immediate future, t6 render that Institution, with its

tremendous potentiality for benefiting mankind, second

in usefulness and dignity to none in the civilized world.

The State organization of science in the New World has

made great strides during recent years, and scientific

men in this country cannot fail to be impressed with the

immense volume of work—more especially in applied
science—which annually flows from the laboratories of

the United States. The appearance of the book before

us is, presumably, evidence of this great activity, showing
as it does that there is a considerable body of men
anxious to have presented to them in a concise and

handy form all the main facts which have been accumu-

lated—and which are dispersed in innumerable reports,

blue-books, journals, and other forms of literature—con-

cerning potable water. The difficulty of access to the

original sources of this information renders such a work

of great importance at the present time, but one which it

is extremely difficult to do justice to. The present volume,
we regret, does not come up to what we could wish for

in a work of the kind. The questions which have to be

discussed are in many cases necessarily more or less

matters of opinion, in which conflicting evidence ought
to be balanced and submitted to careful and critical

analysis ; unfortunately, however, for the exercise of this

judicial power the author exhibits but little aptitude or

inclination. The pages are sometimes filled with autho-

ritative statements made by their respective authors on

insufficient data, which statements have been copied,

often not even from the original sources, without a word

of elucidation or criticism. Such material, placed in the

hands of the unwary reader, may lead to very serious

consequences. Of this character is the statement that
" the power of certain samples of water to dissolve lead

is directly proportional to ihe number of micro-organisms
that the samples respectively contain," which might well

have been omitted from this work ; and its introduction

as almost the only piece of information concerning the

action of water on lead is singularly inappropriate.

Again, on another page, we are categorically informed

that
" even milk is sometimes the agent of this disease

(typhoid fever), in which case the typhoid poison re-

mains undestroyed in passing from the polluted water

from which the cows drink, to the milk-secreting glands
"

;

whilst no mention is made of the real mode of trans-

mission by the watering of milk and the rinsing of

cans with contaminated water. In most cases the

principles laid down are sound and reasonable ; but

the author has permitted himself to be carried some-

C
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what too [far in his advocacy of pure water, when he

says that "
scientific investigation also reveals the fact

that, as a community is suppHed with pure water, there

is not only a decrease in the disease and death-rate,

but often a most surprisingly rapid increase in thrift,

morality, and degree of civilization." We should be

glad indeed if he were correct in his statement that

since the introduction of an efficient health administration

in England, the prevalence of typhoid has been reduced

to such an extent that "for weeks and even months
not a single case now occurs in the city of London." We
can readily understand that our rivers must appear

insignificant enough to the inhabitants of a country con-

taining such mighty streams as the St. Lawrence, the

Mississippi, and the Ohio
;
and although we are fully

alive to some of them being disgracefully fouled, we

certainly are somewhat startled to have our watercourses,
which are dear to many of us, disposed of in the following
sentences :

—" The pollution of English streams is carried

to such an enormous extent that the waters of many,
where city sewage enters them, are actually offensive,

and during the summer months, owing to the stench, the

passenger traffic is forced to the railroads. In some of

these streams the whole surface of the water, for some
distance below sewage entrance, is in a state of commo-

tion, owing to the evolution of gas bubbles, and the water

is so foul that it cannot be used in the boilers of the

little steamers that ply across the rivers. Immediately
below the entrance of sewage no life can exist in the

water, on account of the presence of ferrous sulphate {sic),

which is a disinfectant." In dealing with the much
vexed subject of the apparent self-purification of streams,
the author shows a very just appreciation of the matter

when he points out that there "
is no guarantee that run-

ning water is perfectly wholesome at any distance below
a point where it is certainly polluted with the contents of

sewers and privy-vaults, or the decomposition of vegetable
and animal matter. The question as to what extent must

impure water be diluted or oxidized to render it safe for

domestic purposes, cannot be answered. Mere dilution

of polluted water does not render inoperative the action

of living bacteria. . . ." We are glad to see that the

author points out the importance of boiling all drinking-
water which is open to suspicion, for it cannot be too

frequently reiterated that perhaps the two most effective

measures which the private individual can take in avoid-

ing zymotic disease consist in boiling the water and
milk that are used for drinking. The largely increasing

consumption of ice, which in America has assumed
enormous proportions, is a matter which also calls for

very careful attention, since recent experiments have
shown that, although the living bacteria in ice are con-

siderably less numerous than in the water from which
the ice has been derived, still the process of freezing,
even if long continued, affords no sort of guarantee that

the dangerous forms originally present in the water shall

have been destroyed. Thus the bacillus of typhoid fever

has been found still alive in ice which had remained

continuously frozen for a period of 103 days.

Percy F. Frankland.
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CAUSATION OF SLEEP.

The Intracranial Circulation and its Relation to the

Physiology of the Brain. By James Cappie, M.D.

(Edinburgh: James Thin, 1890.)

'"T'HE factors concerned in the production of sleep have
•A. from time to time engaged the attention of physio-

logists, and various theories have been advanced to

explain the phenomena. The author of the work now
before us, so far back as 1854, published a short essay on
" The Immediate Cause of Sleep," which he subsequently
expanded into a volume entitled "The Causation of

Sleep" (Edinburgh, 1882). In the work now under con-

sideration, although with a different title, the author

travels over much the same ground as that surveyed in

his previous writings on this subject, and adds to it some
additional chapters.

In his successive publications Dr. Cappie accepts the

position usually taken up by physiologists, that the state

of sleep is accompanied by a diminished brain circula-

tion
; but he combats the view that sleep is due to a

diminution of the whole mass of blood within the cranial

cavity, and that the compensation for this diminution is

got by an increase in the amount of cerebro-spinal fluid

in the ventricular and sub-arachnoid spaces of the brain.
His objection to this opinion is based upon its not being
reconcilable with either the physics or the physiology of

the parts situated within the cranium. As regards the

physics, he adopts the view advocated by Drs. Alexander

Monro {secundus), Abercrombie, and Kellie, that, inas-

much as the brain lies within a closed cavity, which pos-
sesses rigid bony walls, the contents cannot be affected

directly by the pressure of the atmosphere, which can

only influence the interior of the cranium through the

blood-vessels, so that a force is constantly in operation
to maintain the amount of blood within the intracranial

vessels. The author believes that the effect of the

pressure on the blood-vessels, say of the neck and head,
is opposed to the movement of the blood in the veins,
and that the tendency of the pressure is to keep the

blood within the veins which ramify in the vascular mem-
brane enveloping the brain, called the pia mater. At
the same time, however, the arterial stream drives the

blood onwards into the capillaries and the veins, which

tends to dilate the latter vessels, and, in conjunction with

the backward pressure on the great veins, to retard the

flow of blood through the veins of the pia mater, and

consequently through the great venous sinuses of the

head, into the jugular veins. In this way he infers that,

whilst the brain itself becomes less vascular, the mass of

blood within the cranial cavity continues the same, but

its mode of distribution is altered : a less proportion is

within the arteries and capillaries, whilst an increase

takes place in the contents of the veins of the pia mater.

The author acknowledges, in connection with the nutri-

tion of the brain, that molecular actions of a subtile kind

take place between the blood and blood-vessels and the

nervous tissues, and that these are much less active

during sleep than when awake. The lessened activity in

the nutrition of the nerve protoplasm diminishes the

activity of the capillary circulation. He regards, how-

ever, the change in [the balance of the circulation*
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between the arteries and capillaries on the one hand, and
the veins on the other, as the key-stone of the theory of

the causation of sleep. The altered balance of the cir-

culation occasions a change in the balance of active

pressure, which is not so much within the brain substance

as on the surface. It is less expansive and more com-

pressing, and with this compression consciousness is

suspended.
In proof of his theory, the author adduces observa-

tions made by Dr. Hughlings Jackson and himself on
the retina—the blood-vessels of which are so intimately
connected with those of the brain—both during sleep and
in a state of coma, from which it would appear that in

these conditions the retina was paler, its arteries smaller,

but its veins were larger, more tortuous, and distended.

In another case recorded by Dr. Kennedy, where a por-
tion of the skull and dura mater had been removed, and
the pia mater consequently exposed, it was noticed that

the veins in the latter were during sleep congested and
assumed a dark hue.

In a concluding chapter, entitled
" Some Points in

Mental Physiology," which was not contained in his

previous work "On the Immediate Cause of Sleep," the

author considers how far the peculiarities of the en-

cephalic circulation may affect the functional activity of

the different parts of the brain. Starting from the position
that the brain is a composite organ, and that distinct

portions are put into a state of functional activity in con-

nection with the discharge of their respective duties, the

question of balance of the circulation has again to be

considered. For the part which is more immediately
concerned in the production of the particular cerebral

operation must become the seat of vascular excitement,
and the amount of blood flowing through its vessels will

be greater than that transmitted through the vessels of

those other parts of the brain which are for the time

being not so functionally active. Hence a certain tension

of the area or centre which is actively working must

arise, and the encephalic circulation is focussed in the

direction of activity. The parts which surround the

operating centre would act as a background of resist-

ance, and would afford such support as will secure the

immediate liberating action in the discharging centre.

The author applies his views on the encephalic circula-

tion to the explanation of the phenomena of Hypnotism.
The first incident in the hypnotic state is a steady pro-

longed effort of volition in which the attention is con-

centrated in a very restricted direction. The immediate

consequence is fatigue of the nerve-centres concerned in

keeping up the strain. Their molecular motions become

enfeebled, the circulation through them is less active,

and a condition approaching that of sleep is produced.
If then, in the form of a "suggestion" from another,
some stimulus calls into activity a part of the brain not

fatigued in the effort of attention, the vascular activity in

it will be increased, and its function will be intensified.

An assertion boldly made to a hypnotized person may
influence belief in opposition to former experience, and if

it be towards an ideational centre, some particular notion

may so monopolize the consciousness that discrimination

and judgment may become almost as completely in

abeyance as in ordinary dreaming, j^
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OUR BOOK SHELF.

Physiography: Elementary Stage. By J,

B.Sc, F.C.S, (London : Percival and Co., i

Spencer,

As an introductory science, physiography is one requir-
ing very careful treatment. Its range is undoubtedly
wide, but it is correspondingly shallow, and should rather
lead up to scientific thought than aim at giving an in-

coherent collection of facts. In the book before us, the

author, who is head master of one of our most successful
technical colleges, begins well by recommending that
teachers should endeavour to make the subject a prac-
tical one, by the performance of experiments, excursions
into the neighbouring country, and the collection of

specimens of rocks, minerals, and fossils. The experi-
mental shape which the book has consequently taken is

one of its most noticeable features ; but it certainly falls

short of the expectations raised. The chemical and phy-
sical parts appear to be excellent, but there is little to
assist either teacher or student in gleaning information
from the inspection of natural phenomena. A peat bog,
for instance, is a fruitful subject for study under proper
guidance ;

but this is not afforded by the scanty remarks
on p. 89. In dealing with a wide subject, brevity is

essential, but this does not necessitate the omission of
the fundamental points, and looseness of expression.
The book, however, shows many signs of a want of care
in this respect. In the note on Foucault's pendulum
(p. 210), for example, the whole point of the explanation
is lost by the absence of a reference to the permanence
of the plane of swing. On p. 113, it is stated that

"
sub-

marine volcanoes produce new land, the erupted matter

being piled up sufficiently high to form islands
"

; the
omission of the qualifying word "sometimes" might
obviously lead to a misconception. Test questions, ori-

ginal and selected, are given at the end of each chapter.
The book is well illustrated, and, with careful revision,

should make a useful addition to existing text-books.

Mayhev/s Jliustrafed Horse Doctor. Revised ana Im-
proved by James Irvine Lupton,'F.R,C.V.S. (London :

Griffith, Farran, and Co.) J

The contmued existence of domestic meaicine, whether
the subjects of its application be human beings or
domesticated animals, cannot well be doubted. We may,
however, be permitted to doubt whether true economy
lies in this direction. Nevertheless, as residents in the

colonies, and even in many rural districts of our own
country, are often far removed from the qualified veteri-

narian, and considerable time must necessarily elapse
before his services when sought can be forthcoming, it is

obviously advisable that whatever measures are taken by
the stock-owner to ameliorate the sufferings of the animal

during this interval of time should be rational, and follow
lines similar to those which the professional man would
adopt. Wrong methods of procedure would serve only
to handicap and hamper his efforts. The book before us
can be recommended to guide the horse-owner in such

emergencies ; though we note with pleasure that the re-

viser, on p. 553, points out that "the reader will always
best consult his interest and pocket by at once consulting
a qualified veterinarian." Agreeing with this proposition,
we cannot but consider superfluous the introduction of

minute directions for the performance of such dehcate
and difficult operations as the extirpation of the eye-ball,
the division of the plantar nerves (neurotomy) in some
forms offoot-lameness, and section of contracted tendons

(tenotomy). We can scarcely conceive an owner, how-
ever intelligent and courageous he may be, proceeding to

cast, chloroform, and perform any of the above-mentioned

operations.
Horse-owners will do well to note the stress which is

laid upon the construction, ventilation, and drainage of
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stables, and the varied information given on the preven-
tion of disease. The reviser has scant sympathy with

the use of the actual cautery ;
but here he is on debatable

ground, and, notwithstanding his strictjures, we fancy
veterinarians will not lightly lay aside an agent which,

rightly or wrongly, most of them believe to be potent for

good.
The illustrations form the least satisfactory portion of

the work. Many of them are grotesque and ludicrous to

the last degree, and ought to have been eliminated from
the present revised edition. Some, such as those in-

dicative of the symptoms of colic, are good, and well

convey their intended meaning. W. F. G.

Handleiding tot de Kennis der Flora van Nederlandsch
Indie. Door Dr. J. G. Boerlage. Tweede Deel,
"
Dicotyledones Gamopetalae." Eerste Stuk,

"
Inferae—

Heteromerae ; Caprifoliaceae
—

Styracaceae." (Leyden :

E.J. Brill, 1 891.)

Previous parts of this work have been noticed in these

columns. It is more than thirty years since the last

part of Miquel's "Flora Indiae Batavas" appeared, a

work written chiefly in Latin
;
but the present publica-

tion cannot be regarded as replacing it, or as being a

successor to it. So far as we have tested this
"
Manual,"

it is a Dutch translation of the descriptions of the natural

orders and genera in Bentham and Hooker's " Genera

Plantarum," followed by a list of the species inhabiting
the Dutch Indies. Locally it may be serviceable ;

but
what is wanted by botanists generally is a new descrip-
tive elaboration of the species of the region in question.

W. B, H.

By Sea-shore, Wood, and Moorland : Peeps at Nature.

By Edward Step. (London : S. W. Partridge and Co.,

1891.)

The author of this book, under his pseudonym "James
"Weston," published in 1886 "Stories and Pictures of

Birds, Beasts, and Fishes "
; and, two years later, a com-

panion volume,
"
Stories and Pictures of Animal Life."

Both of these volumes, which were very popular, are now
out of print. \xv the present work they have been

amalgamated, and the author has added to them some
brief "

nature-papers
" which he has contributed to various

periodicals. The book is intended chiefly for young
people, and it is so pleasantly written that children who
have a chance of reading it can hardly fail to find it at-

tractive. They will obtain from it much interesting in-

formation about all sorts of animals, and it will help them
to realize that even the most familiar objects, when
properly observed, may be worthy of close study. The
book is very carefully illustrated.

LETTERS TO THE EDITOR.

[The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of rejected

manuscripts intendedfor this or any other part of iiATX!ViE.

No notice is taken of anonymous communications. ^

Note on the Chromosphere Spectrum.
With the new spectroscope of the Halsted Observatory,

which has a 5-inch Rowland grating of 20,000 lines to the inch,
I have repeatedly observed of late that the bright chromosphere
line, Angstrom 6676 '9 (No. 2 in my catalogue of chromosphere
lines), is not coincident with the corresponding dark line of the

solar spectrum, but is less refrangible by about one-third of a
unit of Rowland's scale. This chromosphere line, therefore,
can no longer be ascribed to iron, but must be due to some
other substance as yet undetermined.

I think there can be no doubt as to the non-coincidence.
The interval between the bright and dark lines varies to some
extent with circumstances, being usually less in the chromo-
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sphere spectrum on the sun's eastern limb than on the western,

and it is often affected by motions in the line of sight ; but nine

times out of ten the want of coincidence is perfectly obvious.

I may add that I have also obtained a considerable number of

photographs of the ultra-violet spectrum of the chromosphere
with the new instrument, and get complete confirmation of

almost all Mr. Hale's results. I find not only the constant

reversal of the H and K lines, but T have obtained, so far, five

of the ultra-violet series of hydrogen lines ; the first of them

being the well-known "
companion

"
of H (first visually observed

by myself in 1880), and the other four in their regular succession

above it.

The only point in which my plates fail to confirm Mr. Hale's

is that I have not yet succeeded in catching the duplicity of the

hydrogen a (3889). Several of his plates show at this point two
lines near together ;

none of mine do so, and I conclude that the

companion line makes its appearance only rarely. I first

observed this line visually in 1883 {AmericanJournal of Science,

November 1883), and it has since been often seen here by my
as istant, Mr. Reed, as well as by myself.
Of course the opinion is no longer tenable that H and K can

be due to hydrogen, since the measures clearly show that the

companion to H belongs to the hydrogen series. But I am
still sceptical whether they are due to calcium, at least in its

terrestrial condition. C. A. Young.

Princeton, N.J., U.S., October 20.

Formation of a Temporary Cyst in the Fresh-water
Annelid ^olosoma.

As I am not aware that the formation of a temporary chitinous

cyst has been described in any Oligochastous Annelid, the

following observations may be of some little interest. A few

days ago Mr. Latter, science master at the Charterhouse, kindly
forwarded to me three tubes containing a quantity of ALoloso7na

qiiaternarium. They were so abundant that every drop of

water contained several specimens ; in the water I found also a

still larger number of spherical bodies, which proved to be cysts,

each completely filled by a single worm coiled once upon itself.

The cysts were perfectly colourless and transparent, and very
thin-walled ;

one cyst was found empty, and had been ruptured

by the worm in escaping from it. Twenty-six years ago Maggi
{Mem. Soc. Ital. Sci. Nat., 1865) described and figured some

bodies, oval in form, which he believed to be the cocoons of

Ai,oloso77ia ; embryos were found in these cocoons in different

stages of development. Prof. Vejdovsky {Entwickelungsgesch.

Unters., Heft I, Prag, 1888) suggested the possibility that these

bodies were really cysts ; my own examination of what are, I

think, undoubtedly cysts in ALolosoma leads me to agree with

Vejdovsky's suggested interpretation of Maggi's figures. If the

structures which I describe here are really cocoons, their forrn

differs from that of the cocoons of all other Oligochseta, in being

spherical and without a narrow process at either pole ; more-

over, it is—on the hypothesis that they are cocoons—a remarkable

coincidence that they should a// contain completely adult worms ;

finally, and this is of course conclusive, the intestinal tract of

the worms contained vegetable detritus. The cysts, as I believe

them to be, are of about the size of a Volvox globator. In this

encysted condition the worms might perhaps be easily trans-

ported from place to place ; I have found that they survived the

evaporation of the surrounding water upon a glass slide for a

considerable period ; the worms were in continual movement
within their cysts, so that it was quite easy to be sure that they
were alive. Now this very species has a wide distribution,

which may perhaps be partially accounted for by this habit of

encystment ;
with regard to other fresh-water Annelids which

have a wide range, such as Tubifex, it is possible that birds may
inadvertently transport the cocoons from country to country. It

is not known yet whether yEolosoma forms a cocoon, though it is

probable, as the worm develops a clitellum. But sexual maturity

appears to be a comparatively rare occurrence in yEolosoma ;

very few observers appear to have seen the sexually mature
worms. If this is so, the encystment of the worm may take the

place of one of the secondary uses of the cocoon—namely, to aid

in the diffusion of the species. Frank E. Beddaru.

Polytechnics and Recreation.

In Mr. Oliver Dawson's article on Polytechnics in your
issue of the 8th inst. (vol. xliv., p. 547) he says: "although
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those institutes which make much of athleticism and such
matters attract the largest proportion of students, the attend-

ance /ro ra^d in the class-rooms would not favourably compare
with an institute carrying out a purely educational programme."
A Polytechnic is mentioned in which, though only seven
students entered the class, "scores of young men could be found
in the billiard-room and gymnasium

"
;
and the opinion is ex-

pressed that even the excellent work of the Regent Street

Polytechnic
" would be still better if it could be relieved of the

recreative element."

May I say a word for recreation, as the representative of a

College which will eventually form part of the South London
Polytechnic, and which has not been " started by a teacher,"
but has grown up out of a purely recreative institution, for the

Victoria Hall (the parent of the Morley Memorial College) is

nothing more, unless we use the word in a very narrow sense.

It is a commonplace truth that the aim of education should be
to develop the whole man, not to make mere intellectual experts

any more than mere manual experts. Surely recreation has not

only a legitimate but a very important place in this, especially
where sedentary workers are concerned. Those whose tastes

are naturally studious may with comparative safety be left to

take|care of themselves. In these days, instruction of some sort

may be had by most of those who set their minds on it, and if

they miss much which books or the living teacher would have
enabled them to gain, at least their energy is not likely to be
turned into hurtful channels. Those who desire recreation can
also get it, and with little exertion ; but of what kind? If the

gymnasium spoken of above had not been open, what would its

scores of frequenters have been doing ? Some, no doubt, might
have been in class, improving their minds more than they are

likely to do in a gymnasium ; but others, whose youthful spirits
need an outlet, would not have been much attracted by study
not associated with recreation. The music-hall, or some of the

many forms of betting now prevalent, would have been more

likely to entice them. In the confined life of our towns it is no
small good to provide athletic sports (apart from temptation to

drink) as a safety-valve for boyish spirits, even if the good stops
short there. But it need not stop short. Of course, there is

danger lest the recreative side of an institute or Polytechnic
should swamp the educational, unless care is taken to prevent it.

A very simple rule, however, is sufficient for this. Oar members
are not allowed to use the gymnasium or recreation rooms unless

they are dona fide students of at least one class. It is not

sufficient that they should take a ticket for a class. The
registers are occasionally looked over, and if frequent absence
from class is combined w ith frequent attendance in the gymnasium
or recreation rooms, a warning, suspension, or even expulsion, is

the consequence. We have found that only in an insignificant
number of cases is it necessary to proceed to the last resort.

Our students as a rule receive an excellent character for steady
work from such of our teachers as are in a position to compare
them witli other students.

"
I am tired of teaching lads who

are trying not to learn," said one who held an important position
in a large educational establishment; "your fellows mean
business

;
it's a pleasure to teach them." And the testimony of

others is to the same effect.

If the moving spirits of a Polytechnic love work themselves,
and if they are careful to enlist the sympathy of students, so as

to lead them by example rather than drive them by rigid rule,

then there is little danger of the institution degenerating into a

mere place of amusement, Emma Cons.
Samuel Morley Memorial College, Waterloo Road, S.E.,

October i6.

" W = Mg."
I SHOULD like to take exception to Prof. Greenhill's statement

in your issue of September 24 (vol. xliv. p. 493) that " when

goods are sold in commerce by weight, they are weighed in

scales, and the weight is the same wherever the weighing is

carried out, whether at the equator, or the poles, or in the

Moon, Sun, or Jupiter." In this country it is the commonest

thing in the world to see goods sold in commerce weighed in a

spring-balance, which is also the universal kitchen weighing
apparatus, and I respectfully submit that the weight indicated

would 7iot be quite the same in the Moon. Sun, or Jupiter.
The appeal to the scales seems to me to be an attempt to

throw dust in our ejes, as what Prof. Greenhill Teally means is

(hat two equal weights are equal (not each the s.i'"-':) wherever

NO. II 50, VOL. 45]

the weighing is carried on—a balance telling us nothing about
the weight, or pull downwards, of either one.

I was fortunate in getting some of my first notions of dynamical
measurements from Thomson and Tait, and hence the appearance
of the "blooming g" did not seem unnatural, for after I had
learned how to measure a force properly in dynamical units, I

was told that a pound's weight — g poundals, or a gram's weight= g dynes, which suffices for reduction to non-absolute units.

This, in my opinion, is virtually the same as Prof. Slate's sugges-
tion. I never could see why g should appear in dynamical
formulas : measure in absolute units, and at the end reduce to

pounds' weight from poundals as above. Of course this involves

knowing what an absolute dynamical unit is, and it strikes me
that a few more "

horizontal
"
experiments with spring-balances,

graduated in poundals or dynes, and a little less thinking about
arm balances, would go far to clear up difficulties in the minds
of students. Arthur G. Webster.

Clark University, Worcester, Mass., October 14.

[It will be interesting to see if Mr. Webster can devise a
horizontal spring dynamometer which will record within 10

per cent, of the true value ; also to know what corrections he
would apply for the inertia, teojperature, and fatigue of the

spring, and how he would occasionally test the indications.
These difficulties have to be met in Diagrams given by Steam-

Engine Indicators. How does the Inspector of Weights and
Measures test Spring- Balances in America?—A. G. G.]

Alum Solution.

Perhaps the following evidence of the practical s\x^Qnor\\.y
of potash alum solution to distdled water in adiathermancy,
'w/ien the electric arc is the radiant and the "radiometer" a

Crookes, may be of interest. The same glass-sided cell was
used throughout, and the difference of voltage between the car-

bons (" Apostle ") was kept sensibly constant (40 volts) through
the experiments. Between each observation on the liquids the
radiation from the arc was observed unimpeded, save by the

glass of the radiometer, as recorded below. The time was
given by a metronome (previously examined for constancy)
beating lialf-seconds. No lens was used.
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time lioin one to three inclus thick, and the water is, of course,
a saturated brine. It is interesting to note, however, that it

does not correspond in composition with the water from the

ocean. Like the Dead Sea, the lake contains an excessive

quantity of calcium salt.

The interior of the crater basin is crusted in many places with

deposits of carbonate of calcium, proving that it was at one time

occupied by a highly calcareous water, probably of high tem-

perature. I have given in connection with the results of my
analysis, which extends only to the constituents present in large

amount, an analysis of concentrated sea-water from the salt

works of Kakaako, and an average of a number of analyses that

have been made of the waters of the Dead Sea. These latter

sometimes contain a larger proportion of solids than the average
figure, but in no analysis that I have seen has the quantity been
as large as that found in the water of Aalia Paakai.

CoEStiluents.
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varieties of protectively coloured insects are frequently confined to

very limited areas. Some will only be found on a certain species
of tree or plant ; others only on rocks or a stone wall of some
particular colour

; others, again, only on small patches of soil or

gravel ; while a short distance from these there may be other

objects dififerently marked, which may be frequented by insects

altogether different in colour, although belonging to the same or
to an allied species. Are we to suppose that every tree, plant,
rock, every stone wall, and every distinctive patch of soil or

gravel, has been the scene of natural selection ? There is no other
conclusion open to the Darwinist. But when it is considered
that natural selection may take hundreds of thousands or even
millions of years, to effect a given result, the strain upon our
forbearance must be great when we are asked to believe that

this process is the only one we have to reckon with. If the

phenomena can be accounted for by a shorter or simpler process,

why should the longer and more complex one be insisted on ? Is

it not more reasonable to suppose that animals have suflScient

intelligence to fly to, and remain in, the place where experience
has shown they are least exposed to observation? Can anyone
doubt that animals possess such knowledge? How otherwise are

we to explain the action of the butterfly, for instance, in darting
at once when disturbed to some object which resembles itself,

and then lying perfectly still, when one might in vain attempt to

find it, although within a few inches of it ?

This view also receives corroboration from the fact that many
unprotected animals render themselves inconspicuous by
covering themselves with materials which resemble their environ-

ment. Thus certain Lepidopterous larvae form cases for

themselves out of the fragments of the substance on which they
feed, the cases of the larvae of the Psychidre, for instance, being
made of leaves or of brown grass stems ; those of the Essex
emerald moth of fragments of leaves spun together with silk

;

certain species of sea-urchins and many Motlusca cover themselves
with grains of sand, shell, and bits of stone, while, according to

Poulton, certain species of crabs fasten species of seaweed to

their bodies for the same purpose.

Topical selection will also explain the protective coloration of
certain vertebrates, as rabbits, hares, and deer. Thus Mr. H.
A. Brydon, who has an extensive acquaintance with the habits

of deer in South Africa, writes ("Kloof and Karoo," p. 298) as

follows :
—

"In some localities where the ' zuur veldt
'

clothes the upper
parts of the mountains, and the

'

rooi
'

grass the lower portions,
the vaal and the rooi rhebok may be found on the same mountain-

side, but each adhering to its own peculiar pasturage. When
the hunters come upon the ground to shoot, the rooi rhebok

immediately fly from their lower slopes to the higher ground of

their grey brethren, and the two species are seen galloping in

close company over the mountain heights. If the hunter rests

quietly after his shot and looks about him, he will presently
iee the two kinds of antelope, as soon as they think they may
safely do so, separating, the rooi rhebok quitting the 'vaal'

pastures, and betaking themselves again to their own feeding-

grounds. To this habit they invariably adhere, and will not

delay their departure an instant longer than their safety admits

of. If the vaal rhebok in turn are driven out of their own
ground, they pursue exactly the same tactics, and will on
no account remain for long in their red brethren's territory."
The occurrence of so many trimorphic and polymorphic

varieties of the same species have always been a puzzle to

Darwinists, as the numerous varieties which the Darwinian

theory postulates would all be killed off by natural selection,

except the "fit"; but according to the theory which I have

advanced, most variations would find their appropriate environ-

ments and live. If this theory of topical selection be correct,
its application to the phenomena of mimicry is obvious. We
have only to suppose that one animal may find safety in

associating with another animal to which it has some resem-

blance, without invoking the aid of either mimicry or natural

selection.

I shall not attempt to reply to the other remarks of your critic

further than this, that no one who contents himself with read-

ing Dr. Wallace's review will be able to form the slightest idea
of the views put forth in my book. That it has taken a lifetime,
as Dr. Wallace correctly enough says it has, to build up

"
the

vast edifice" of Darwinism is surely no guarantee of the truth

of that system, and certainly no reason why it should be above

criticism, as my reviewer seems to think it should be.

Melbourne, 1891. David Syme.
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Mr. Syme now says: "The references to Darwin in my
book are absolutely correct," and—"In every reference to

Darwin's views I gave the page and the edition from which the

quotation was taken." Assertions, however, are not proofs;
but if Mr. Syme will point out where Darwin defines natuial

selection as "the struggle for existence," and where Darwin
"insists that variations are created by natural selection," state-

ments which occur at p. 8 and p. 15 of Mr. Syme's book, I

will acknowledge that I have misrepresented him. Otherwise
I see nothing that requires modification in my article. But as

Mr. Syme claims to have taken "the utmost pains" to quote
Darwin's exact words, I will refer to other cases. At p. 12 he

says,
" The second assumption is that favourably modified

individuals should be few in number,
' two or more '

;

" and for

this he refers to "Plants and Animals under Domestication,"
vol. ii. p. 7. The true reference is to vol. i. p. 7, where Darwin

says :

"
Now, if we suppose a species to produce two or more

varieties, and these in course of time to produce other varieties,

&c." Here we see that Mr. Syme puts "individuals" ia

the place of "varieties," and thus makes Darwin appear to

say the exact reverse of his main contention, which is, that

ordinary variability occurring in large numbers of individual^,
not single sports, are the effective agents in the modifi.catioa of

species.

Again, at p. 102, Mr. Syme says, when discussing cross-

fertilization and variability :
" No doubt self-fertilization is a

great factor in producing uniformity of colour. That this

uniformity is not due to the plants having been 'subjected to

somewhat diversified conditions,' as Darwin intimates, is shown

by the fact, &c." But Darwin, as every student knows, said

exactly the reverse of this— that the somewhat diversified con-

ditions produced variability ; and Mr. Syme's great efforts to

understand him and to quote him correctly again fail of success.

One more example is to be found at p. no, where he says :

"Darwin has distinctly laid down the principle that if it can

be proved, by a single instance, that one organism exists for

the benefit of another organism, his whole system would fall to

the ground." But the statement made by Darwin was, that if

any part of the structure of one species could be proved to have
been formed for the exclusive good of another species it would
annihilate his theory ("Origin," 6th edition, p. 162). Mr. Syme
omits the essential word "

exclusively," and thus appears to have
a strong case against the theory.
As an example of general misrepresentation, I will refer to

p. 86, where Mr. Syme states that
"
the Darwinist

"
"carefully

ignores the facts which point in the opposite direction
"

(of the

necessity for insect fertilization of flowers) ;
and on the next page,

after referring to cleistogamic and other self-fertilized flowers,

he asks :

"
Why does the Darwinist omit mention of such

structures as these ?
" But he does not refer us to the Darwinists

in question who, while discussing insect fertilization, "carefully

ignore
"

self-fertilization ;
and as his statement will be taken to

include all, or at least the majority of Darwinists, it must be held,

by those who are acquainted with the facts, to be a very absurd

misrepresentation.
Other examples might be given, but these are sufficient to

support my statement that Mr. Syme has both misquoted and

misrepresented Darwin.
I'he exposition of his theory of "

topical selection" to explain
the phenomena of mimicry, as given above, may be left to the

judgment of the readers of Nature.
Alfred R. Wallace.

PROF. PICTETS LABORATORY AT BERLIN.

IT
has often been remarked that purely scientific re-

search frequently bears fruit of practical value. A fresh

illustration of this fact is afforded by the work of Prof.

Pictet, the eminent man of science of Geneva, who is

turning to practical account the apparatus by which, in

1877, he first reduced hydrogen and oxygen to the liquid
state. At Berlin, where he now resides, he has estab-

lished, on the scale of a small factory, what he terms a
" laboratoire h, basses temperatures." The following ac-

count of the work carried on and the results obtained is

taken from papers read by the Professor before different

scientific Societies of Berlin.

The refrigerating machinery, driven by several powerful
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steam-engines, is intended to withdraw heat from the

objects under observation, and to keep them at any tem-

perature between - 20" and - 200° C. as long as may be

required. Prof. Pictet's experience has led him to the

conclusion that among the refrigerating agents known,
such as rarefaction of gases, dissolution of salts, evapora-
tion of liquids, the latter is to be preferred. A long
course of research has further enabled him to choose the

most convenient from amongst the great number of suit-

able liquids. In order to avoid the great pressure re-

quired in handling the highly evaporative substances of

lowest boiling-point which serve to produce extreme

cold, it is necessary to divide the difference of tempera-
ture into several stages. Each stage is fitted with

especial apparatus consisting of an air-pump worked by
steam, which drains off the vapours of the liquid from the

refrigerator, and forces them into a condenser, whence,
reduced to the liquid state, they are again offered for

evaporation in the refrigerator. Thus the liquid, without

any loss beyond leakage, passes through a continuous

circuit, and the operations can be carried on for any
length of time. The liquid made use of for the first

stage is the mixtui-e of sulphurous acid and a small

percentage of carbonic acid called
"
liquide PictetT It is

condensed at a pressure of about two atmospheres in

a spiral tube merely cooled by running water. Oxide of

nitrogen (laughing gas) is the liquid chosen for the
second stage. Its vapours are condensed in the
same way at a pressure about five or six times as great
in a tube maintained at about — 80*^ by the action of the
first circuit. As medium for a third stage, in which,
however, continuous circulation has not yet been at-

tempted, atmospheric air is employed, which passes into

the liquid state at a pressure of no more than about

75 atmospheres, provided the condenser is kept at -
135^

by the first two circuits. The evaporation of the lique-
fied air causes the thermometer to fall below - 200°.

By this combination quite new conditions for investi-

gating the properties of matter are realized. In various
branches of science new and surprising facts have already
been brought to light. Many laws and observations will

have to be re-examined and altered with regard to changes
at an extremely low temperature.

For instance, a remarkable difference was noted in the
radiation of heat. Material considered a non-conductor
of heat does not appear to affect much the passage of
heat into a body cooled down to below — 100°. Or, to state

the fact according to Prof. Pictet's view: "The slow
oscillations of matter, which constitute the lowest degrees
of heat, pass more readily through the obstruction of a
so-called non-conductor than those corresponding to a

higher temperature, just as the less intense undulations
of the red light are better able to penetrate clouds of dust
or vapour than those of the blue." If the natural rise of

temperature in the refrigerator, starting from -135°, is

noted in a tracing, and afterwards the same refrigerator

carefully packed in a covering of cotton-wool of more
than half a yard in thickness, and cooled down afresh,
and the rise of temperature again marked, on comparing
the tracings hardly any difference will be found in the

two curves up to - \o6\ and only a very slight deviation
even up to -

50°. On this ground it is clear that the utmost
limit of cold that can possibly be attained is not much
lower than that reached in the famous experiment of

liquefaction of hydrogen. The quantity of warmth which

hourly floods a cylinder 1250 mm. high by 210 mm. wide

(the size of the refrigerator) at —
80^, is no less than 600

calories, and no packing will keep it out. At a lower

temperature, the radiation being even greater, the power
of the machinery intended to draw off still more heat

would have to be enormous. And as -273'' is absolute

zero, the utmost Prof. Pictet judges to be attainable is

about -
255^.

As an example of the surprising methods which the
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refrigerating machine permits the investigator to emplo)',
it may be mentioned that, in order to measure the

elasticity of mercury. Prof. Paalzow had the metal cast

into the shape of a tuning-fork, and frozen hard enough
for the purpose in view. On this occasion it appeared
that quicksilver can be shown in a crystallized state, the

crystals being of a beautiful fern-like appearance.
Glycerine was likewise made to crystallize ;

and cognac,
after having been frozen, was found to possess that peculiar
mellowness commonly only attained by long keeping.
But the most important application of the refrigerating

machinery has been the purification of chloroform, under-
taken by Prof. Pictet at the instance of Prof. Liebreich,
of the Pharmacological Institute, Berlin. Chloroform
has hitherto been considered a most unstable and easily
defiled substance. The action of sunlight, the slight

impurities retained from the different processes of manu-
facture, perhaps the mere settling down during protracted

storage, have invariably resulted in a more or less marked

decomposition. By the simple process of crystallization
this unstableness is got rid of, and a practically un-

changeable liquid is produced. The crystals begin to

form at -
68'', first covering the bottom of the vessel, and

gradually filling it up to within one-fifth of the whole
volume. This residue being drained off, the frozen part
is allowed to melt under cover, so as to exclude the

atmospheric moisture. Chloroform thus refined has, by
way of testing its durability, remained exposed on the

roof in a light brown bottle from November till June
without the slightest sign of decomposition.

Prof. Pictet has already taken steps to introduce his

process into manufacture, and proposes to apply the

principle to various other chemical and technical objects.

Sulphurous ether, for instance, has by a similar process
been produced in a hitherto unknown degree of purity.
At the same time, the Professor continues eagerly to

pursue the various purely scientific inquiries with which
he started. R. DU BoisReymond.

RESULTS OF EXPERIMENTS AT ROTH-
AMSTED ON THE QUESTION OF THE
FIXATION OF FREE NITROGEN}

FROM the results of the experiments of Boussingault,
and also of those made at Rothamsted under con-

ditions of sterilization and inclosure more than thirty

years ago. Sir J. B. Lawes and the author had always
concluded that at any rate our agricultural plants did not

assimilate free nitrogen. They had also abundant evidence
that the Papilionaceae, as well as other plants, derived

much nitrogen from the combined nitrogen in the soil

and sub-soil. Still, they had long recognized that the

source of the whole of the nitrogen of the Papilionacese
was not explained ; that there was, in fact,

" a missing
link" \ They were, therefore, prepared to recognize the

importance of the results first announced by Prof. Hell-

riegel in 1886; and they had hoped to commence experi-
ments on the subject in 1887, but they had not been able

to do so until 1888. Those first results showed a con-

siderable formation of nodules on the roots, and coin-

cidently great gain of nitrogen, in plants grown in sand

(with the plant-ash) when it was microbe-seeded by a

turbid watery extract of a rich soil.

In 1889 and since, they had made a more extended
series. The plants were grown in pots in a glass-house.
There were four pots of each description of plant, one
with sterilized sand and the plant-ash, two with the same
sand and ash, but microbe-seeded with watery extract,
for some plants from a rich garden soil, for lupins from a

sandy soil in which lupins were growing luxuriantly, and

'
Abstract of a paper read before the Agricultural Chemistry Section of

the Naturforscher Versammlung at Halle a.S., by Dr. J. H. Gilbert,

F.R.S., September 24. 1891.
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for some other plants from soil where the particular plant
was growing. In all, in 1889 and subsequently, they had

grown in this way four descriptions of annual plants—
namely, peas, beans, vetches, and yellow lupins ; and

four descriptions of longer life—namely, white clover,
red clover, sainfoin, and lucerne. Enlarged photographs
of the above ground-growth, and of the roots, of the peas,
the vetches, and the lupins, so grown, were exhibited.

Without microbe-seeding there was neither nodule-
formation nor any gain of nitrogen ;

but with microbe-

seeding there was nodule-formation, and, coincidently,
considerable gain of nitrogen.

As, however, in this exact quantitative series, the

plants were not taken up until they were nearly ripe, it

was obvious that the roots and their nodules could not
be examined during growth, but only at the conclusion,
when it was to be supposed that the contents of the

nodules would be to a great extent exhausted. Another
series was, therefore, undertaken, in which the same four

annuals, and the same four plants of longer life, were

grown in specially made pits, so arranged that some of

the plants of each description could be taken up, and
their roots and nodules studied, at successive periods of

growth ; the annuals at three periods
—

namely, first when
active vegetation was well established, secondly when it

was supposed that the point of maximum accumulation
had been approximately reached, and thirdly when nearly

ripe ; and the plants of longer life at four periods
—

namely, at the end of the first year, and in the second

year when active vegetation was re-established, when the

point of maximum accumulation had been reached, and

lastly when the seed was nearly ripe. Each of the eight

descriptions of plant was grown in sand (with the plant-

ash), watered with the extract from a rich soil
;
also in a

mixture of two parts rich garden soil and one part of

sand. In the sand the infection was comparatively local

and limited, but some of the nodules developed to a great
size on the roots of the weak plants so grown. In the

rich soil the infection was much more general over the

whole area of the roots, the nodules were much more
numerous, but generally very much smaller. Eventually
the nodules were picked off the roots, counted, weighed,
and the dry substance and the nitrogen in them deter-

mined.

Taking the peas as typical of the annuals, and the

sainfoin of the plants of longer life, the general result

was, that at the third period of growth of the peas in

sand the amount of dry matter of the nodules was very
much diminished, the percentage of nitrogen in the dry
matter was very much reduced, and the actual quantity
of nitrogen remaining in the total nodules was also very
much reduced. In fact the nitrogen of the nodules was
almost exhausted. The peas grown in rich soil, however,
maintained much more vegetative activity at the con-

clusion, and showed a very great increase in the number
of nodules from the first to the third period ; and with
this there was also much more dry substance, and even
a greater actual quantity of nitrogen, in the total nodules
at the conclusion. Still, as in the peas grown in sand,
the percentage of nitrogen in the dry substance of the

nodules was very much reduced at the conclusion. In
the case of the plant of longer life, the sainfoin, there was,
both in sand and in soil, very great increase in the num-
ber of nodules, and in the actual amount of dry substance
and of nitrogen in them, as the growth progressed. The
percentage of nitrogen in the dry substance of the nodules
also showed, even in the sand, comparatively little reduc-

tion, and in soil even an increase. In fact, separate

analyses of nodules of different character, or in different

conditions, showed that whilst some were more or less

exhausted and contained a less percentage of nitrogen,
others contained a high percentage, and were doubtless

new and active. Thus, the results pointed to the inter-

esting conclusion, that, in the case of the annual, when
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the seed is formed, and the plant more or less exhausted,
both the actual amount of nitrogen in the nodules, and its

percentage in the dry substance, are greatly reduced, but

that, with the plant of longer life, although the earlier

formed nodules become exhausted, others are constantly

produced, thus providing for future growth.
As to the explanation of the fixation of free nitrogen,

the facts at command did not favour the conclusion that

under the influence of the symbiosis the higher plant
itself was enabled to fix the free nitrogen of the air by
its leaves. Nor did the evidence point to the conclusion,

that the nodule-bacteria became distributed through the

soil and there fixed free nitrogen, the compounds of

nitrogen so produced being taken up by the higher

plant. It seemed more consistent, both with experimental
results and with general ideas, to suppose that the nodule-

bacteria fixed free nitrogen within the plant, and that the

higher plant absorbed the nitrogenous compounds pro-
duced. In other words, there was no evidence that the

chlorophyllous plant itself fixed free nitrogen, or that the

fixation takes place within the soil, but it was more prob-
able that the lower organisms fix the free nitrogen. If

this should eventually be established, we have to re-

cognize a new power of living organisms
—that of as-

similating an elementary substance. But this would only
be an extension of the fact that lower organisms are

capable of performing assimilation-work which the

higher cannot accomplish ;
whilst it would be a further

instance of lower organisms serving the higher. Finally,

it may here be observed that Loewhas suggested that the

vegetable cell, with its active protoplasm, if in an alkaline

condition, might fix free nitrogen, with the formation of

ammonium nitrite. Without passing any judgment on
this point, it may be stated that it has frequently been

found at Rothamsted that the contents of the nodules

have a weak alkaline reaction when in apparently an

active condition—that is, whilst still flesh-red and

glistening.
As to the importance of the fixation for agriculture,

and for vegetation generally, there is also much yet to

learn. It is obvious that different Papilionaceas growing
under the same external conditions manifest very dif-

ferent susceplibihty to, or power to take advantage of, the

symbiosis. The fact, as shown by Prof. Nobbe, that

Papilionaceous shrubs and trees, as well as herbaceous

plants, are susceptible to the symbiosis, and under its in-

fluence may gain much nitrogen, is of interest from a

scientific point of view as serving to explain the source of

some of the combined nitrogen accumulated through ages
on the surface of the globe ; and also from a practical

point of view, since, especially in tropical countries, such

plants yield many important food materials, as well as

other industrial products.
In conclusion, it will be seen that the experimental

results which have been brought forward constitute only
a small proportion of those already obtained or yet to be

obtained at Rothamsted, but they have been selected as

being to a great extent typical, and illustrative of the

lines of investigation which are being carried out.

FOSSIL BIRDS IN THE BRITISH MUSEUM.^

IT
is always a matter of extreme interest to trace back

any group of beings to their first recorded appearance
in geological history, and the task becomes the more
attractive in proportion to the rarity of the organism
sought for.

The fossil remains of birds, which form the subject of

Mr. Lydekker's Catalogue, constitute nearly the smallest

' "
Catalogue of the Fossil Birds in the British Museum (Natural

History), Cromwell Road, S.W." By Richard Lydekker, B.A., F.G.S.,
F.Z. S. Pp. xxviii. and 368. (London: Printed by Order, of the

Trustees. Longmans and Co. ; B. Quaritch ;
Asher and Co. ; Kegan Paul

and Co., i?9i.)
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group of vertebrate fossils known ; indeed, it is only within

the last thirty-five years that any considerable number of

species had been recorded.

That the existence of birds at the period of the

Secondary rocks should have been first intimated by their

foot-prints may seem strange ; but as far back as 1835 a

notice appeared in Sillimaris American Journal of
Science stating that Dr. Deane had discovered iin-

fressiotis resembling the feet of birds upon some slabs of

Triassic sandstone from Connecticut. Dr. Hitchcock,
who was the first to submit these tracks to careful scien-

tific examination, concluded that they had been produced
by the feet of birds which must have been at least four

times larger than an ostrich. The great size of some of

these foot-prints, however, presented at the time an
obstacle to their acceptance, notwithstanding the fact of

their exhibiting the same characteristic number of toe-

joints as exist in the feet of living tridactylous birds—
namely, three phalangeal bones for the inner toe, four for

the middle, and five for the outer one.

The subsequent discovery of the entire skeletons of

great wingless birds in New Zealand has, to some extent,

destroyed the force of this objection as to their size ;

nevertheless, it seems more probable that these im-

pressions were made by some of those gigantic Dino-
saurs whose remains have been in later years met with in

such abundance in the Secondary rocks of the American

continent, many of which were bipedal in their method of

progression, their fore-limbs being exceedingly short, and
but ill adapted for use in walking. The hind-foot in

Iguanodon and in some others was tridactylous, and

agreed in the number of toe-bones with the foot of the

Dinornis and other flightless birds. But between the

discovery of the reputed foot-prints of birds in the Con-
necticut Valley sandstones, and the finding of true bird-

remains in Secondary rocks, a long interval of time has

elapsed. Some supposed bird-bones from the Chalk of

Burham, near Maidstone, were figured and described as

long ago as 1845 by Dr. Bowerbank, under the name of

Cimoliornis, but these proved to belong to a gigantic

Pterodactyle, and not to an albatross. The same fate

befell Dr. Mantell's Wealden bird {Palceornis cliftii,

1844), now also transferred to the Ornithosauria by Mr.

Lydekker.
Passing over some fragmentary remains, discovered in

1858 by Mr. Lucas Barrett in the Greensand of Cam-
bridge, referred to birds, we come in 1861 to the dis-

covery, announced by Dr. H. von Meyer, of the impression
of a single feather upon a slab of lithographic stone from

Solenhofen, Bavaria, followed in 1862 by the description
by Prof. Owen of the skeleton of a remarkable long-
tailed bird from the same formation and locality, the

Archceopteryx macrura. This, which is still the earliest-

known avian fossil, is also the most generalized bird
known ; and the discovery, twenty years later, of a second

example only serves to confirm the correctness of the con-
clusions which had been arrived at from a study of the
first-found example.
That it was clothed in feathers serves to prove the true

avian character of the fossil, no reptile having been met
with possessed of such epidermal structures. The remark-
able features are that the jaws were armed with conical

enamelled teeth implanted in distinct alveoli (see Fig. i) ;

the three metacarpals in the manus are separate and the

phalanges are free (not anchylosed, as in modern birds),
and each of the three digits was armed with a terminal

claw ; the centra of the vertebrae are amphicoelous ;

there are twenty free vertebrae in the tail, which is longer
than the body, each vertebra bearing a pair of feathers,
and the tail does not terminate in a pygostyle, like most
modern birds.

From these, and other anatomical characters, Archceo-

pteryx has been placed in a distinct order, the Saurur^,
or lizard-tailed birds.
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The next important bird discoveries from the Secondary
rocks were those made in North America by Prof. O. C.

Marsh, in 1870, from the Upper Cretaceous strata of

Kansas, U.S., by which we became acquainted with two
most distinct and important types, the Hesperornis and
the Ichthyosis. Both of these birds are remarkable as

having their jaws armed with teeth. The former {^Hesper-

ornis) had the teeth implanted in grooves, it had only

rudimentary wings, a flat keel-less sternum, and saddle-

shaped vertebrae. It was a huge fish-eating diver, nearly
6 feet high, probably resembling in appearance the loons

and grebes (see Fig. 2).

The latter {Ichthyornis) was a bird of powerful flight,

having well-developed wings and a strongly- keeled

Sternum ; its jaws were armed with teeth in distinct

sockets, and the vertebrae were biconcave (see Fig. 3).

By far the greater proportion of avian remains
known are of Tertiary age ; many are referable to

existing birds, but a few of them are of almost as

great interest to the ornithologist as those already re-

ferred to, either as representing, like them, extinct forms,
or because they tell of important changes during Tertiary
times in the geographical distribution of many genera of

birds. The oldest of these remains have been obtained

from the London Clay. A single skull of a large ostrich-

like bird was obtained from the Lower Eocene of the Isle

of Sheppey, and described by Owen in 1869 under the

name of Dasornis londiniensis. Two limb-bones of a

bird as large as an ostrich, but more robust, and with

affinities to the Anserine type, as well as to the RatitK,
were obtained about six years ago from the Lower Eocene
near Croydon, and described by Mr. Newton under the

name of Gastornis klaasseni. Two other species of Gast-

ornis had previously been described from the Eocene of

Meudon and Rheims, in France, so that the Ratitae were
doubtless well represented in Western Europe in Tertiary
times.

Another remarkable discovery in the London Clay of

Sheppey is that of the Odontopteryx toliapicus^ a bird

with a powerfully serrated bill, well adapted for seizing

fish, which probably formed its prey.
The interest attaching to the discovery, fifty years ago,

of the bones of extinct ostrich-like birds in New Zealand,
remains unabated

;
their former abundance may be ima-

gined from the fact that there is hardly a museum in the

world where remains of the " moa " are not to be found,
and they still continue to be sent to Europe for sale.

The series of skeletons of Dinortiis set up in the Vienna
Museum is even finer than that in the British Museum.
In the latter, six almost complete skeletons may be seen,
beside an immense series of detached bones (see Fig. 4).

The tallest skeleton is probably 10 feet, and the smallest

4 feet in height. Specimens showing the skin and feathers

still attached to the bones are also preserved, evidencing
the comparatively modern date at which they were exter-

minated.
Another island, which possessed a now extinct flightless

bird, is Madagascar. Bones and eggs of this great bird,
the yEpyortiis, which probably rivalled the Dinornis in

size, are preserved in the British Museum
; but, owing to

the lack of exploration in the island, we know as yet of only
a few odd bones, where entire skeletons doubtless exist,

perhaps as abundantly as in New Zealand. The G:gg of

yEpyornis is the largest bird's &gg known, its liquid
contents being rather more than two gallons.
The close affinity existing between birds and reptiles

has long ago been an accepted fact in zoology ; the find-

ing, therefore, of such primitive birds as Archceopteryx,
Hesperornis, and Ichthyornis on the one hand, and of
the numerous bird-like Dinosaurs in Europe and America
on the other—indeed, the whole tendency of this branch of

modern pal seontological discovery
—has been to strengthen

the relationship of the two, and to confirm their association

in one primary group of the Vertebrata, the Sauropsida.
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Fig. I.—Right lateral aspect of the skull oi Archieopteyyx ntacriirci, Owen,
from the Lithographic stone. Lower Kimmeridgian, Solenhofen, Bavaria

(}). (After Dames, *'
Palaontologische Ahhandlungen," vol. ii., 1884. )

Fig. 2.—Restored skeleton of Hesperor^iis regalis. Marsh (1870), from the

Cretaceous of Kansas, North America (about \ natural size). (Repro-
duced, by permission, from Prof. O. C. Marsh's " Extinct Toothed Birds
of North America "

(folio). New Haven, Conn., U.S., 1880.)
Fig. 3.

—Restored skeleton of Ichthyornis victor. Marsh (1872), from the

Cretaceous of Kansas (i natural size). (Reproduced, by permission,
from Prof. Marsh's " Extinct Toothed Birds of North America" (folio).

New Haven, Conn., US., 1880.)
Fig. 4.

—Restored skeleton of Dhw-nis {Pachyomis) clephajitojms, Owen,
from Pleistocene deposits, Oamaru Point, South Island. New Zealand

(about iV natural size). (Original in British Museum, N.H.)

Fig. 3-

Fig. 4
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One very interesting point we may note with regard to

ihe class Aves— namely, that while birds still possessed
the teeth which they had inherited from their reptilian

ancestors, two very remarkable and distinct types of the
class had already made their appearance, and that these
two types have persisted on, even to the present day,
dividing the class mto A'rt/zVci? Awa Larlitatce. 'iJie cha-
racters of the ancient toothed birds indicate undoubtedly
a great antiquity for the class, which was probably evolved
from the Reptilia in Triassic times, or even earlier.

Although the majority of entries in Mr. Lydekker's
Catalogue relate to the Carinatcs, the Ratita: are also
well represented in the collection, and there is a sufficient

number of remarkable extinct forms and figured types to

impart to this volume a high scientific interest.

In conclusion, we must express our thanks to Mr.
Lydekker for this last contribution to the very useful
series of Catalogues which he has prepared for the
Trustees of the British Museum, which cannot fail to

prove of great service to biological science.

A
IRON CARBONYL FROM WATER GAS.

T the meeting of the Chemical Society on Thursday
^

last, November 5, a communication was made by
Sir Henry Roscoe, M.P., in the joint names of himself
and Mr. Scudder, concerning a new and highly interest-

ing mode of formation of iron carbonyl, Fe(C0)4, the
volatile compound of iron and carbon monoxide in-

dependently obtained a few months ago by M. Berthelot
and by Messrs. Mond and Quincke. During the course
of experiments upon the application of water-gas, which
contains about 40 per cent, of carbon monoxide and an
approximately equal quantity of hydrogen, to the purposes
of illumination, it was noticed that the magnesia combs
placed over the flame of the burning water-gas rapidly
became coated with oxide of iron, which materially
lessened the illuminating power. Steatite burners were
likewise found to become stained with oxide of iron. The
deposit, when allowed to accumulate, took a coralloid
tuberous formquiteditTerent from accumulationsof particles
mechanically carried in a stream of gas This led to the
supposition that the iron had existed in the water-gas in
a volatile form, and was deposited as the result of the de-

composition of the volatile compound at the high tem-
perature of the flame. Further experiments were
subsequently made with water-gas which had been
compressed to eight atmospheres in iron cylinders. After
standing for a week in such a cyhnder, the gas, which
usually burns with a blue non-luminous flame, was found
to burn with an intensely yellow flame, and the illumin-

ating power when the magnesia comb was placed over
the flame was considerably reduced, owing to the de-
position upon the comb of large quantities of oxide of
iron. The experiment was repeated before the Fellows
of the Society present, and upon depressing the lid of a
porcelain crucible upon the flame a black stain was im-
mediately produced, due to the deposition of particles of
metallic iron or oxide. Moreover, upon heating the glass
tube through which the gas was passing upon its way to
the burner, a black mirror of metallic iron was rapidly
formed. A thick deposit was also formed upon a plug of
cotton-wool inserted in the tube between the heated
portion and the burner. A similar tube was exhibited,
through which, while heated, one cubic foot of

water-gas had been allowed to pass from a cylinder in
which it had been stored two weeks

;
the deposit was

strikingly large, both in the portion which had been
heated and upon the cotton-wool. After allowing a
similar cylinder containing compressed water-gas to
stand for five weeks, the flame was found to be smoky,
from the large amount of iron liberated during the com-
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bustion. The smokiness, and, indeed, the whole lumi-

nosity, disappeared upon heating the tube, the gas burning
with its ordinary blue flame ; a thick mirror was at once

deposited, and a large amount of iron retained by the
cotton-wool. Thirty litres of gas from this cylinder,
burnt during the space of half an hour, gave thirty-two

milligrams of metallic iron in the form of a mirror, and
forty milligrams were deposited upon the cotton-woo'.

Upon passing the gas through a U tube surrounded by
ice, a few drops of a turbid liquid were obtained, consist-

ing mainly of iron carbonyl, possessing the properties
ascribed to it at the meeting of the British Association at

Cardiff by Mr. Mond. The turbidity entirely disappeared
upon the addition of hydrochloric acid. From the
above experiments it is evident that iron carbonyl
is produced in the cold by the action of the
carbon monoxide contained in the water-gas upon
the iron of the containing cylinder, for the greater
the length of time during which it has been stored, the

greater is the amount of the compound present It is

interesting to learn that the same deposit of metallic iron
or oxide is found upon steatite burners from which ordi-

nary coal-gas is burnt, pointing to the existence of iron

carbonyl in our common illuminating gas. This conclu-
sion is strengthened by the fact recorded by Dr. Thorne,
that coal-gas which has been compressed in iron cylinders
and allowed to stand some time is rendered unfit for use
for lantern projection, owing to the deep stain of iron
formed upon the lime cylinders. It is also interesting, in

view of the fact that iron carbonyl is capable of formation
in the cold, to note that the nickel compound, Ni(CO)j,
described by Messrs. Mond, Danger, and Quincke last year
{vide Nature, vol. xlii. p. 370), is also readily formed in

the cold, provided the metallic nickel has been previously
heated in a current of hydrogen. A. E. TUTXON.

CAPE GUARDAFUI AND THE NEIGHBOUR-
ING SEA>

HTHIS work consists of monthly charts which illustrate
* the sea surface temperature, the wind, ocean cur-

rents, sea disturbance, and weather in the immediate
vicinity of Cape Guardafui, extending down the Somali
coast so as to include Ras Hafiin, and covering the sea to

53^ E. Some years ago the Admiralty issued a " Notice to

Mariners," indicating the precautions necessary in round-
ing Cape Guardafui from the southward, in consequence
of the Committee of Lloyd's having drawn attention,
through the Board of Trade, to the large number of
wrecks which had taken place in the neighbourhood. It

was pointed out that the wiecks occurred chiefly during
the period of the south-west monsoon, which blows from
April to September, when the weather on the African
coast is stormy and accompanied by a heavy sea ; the
currents are strong, and the land is generally obscured
by a thick haze. The principal recommendation adopted
by the Admiralty was the necessity for every precaution
in verifying the vessel's position by soundings : and with
this precaution it is asserted that the vessel's safety is

assured, as the water rapidly deepens northward of the
parallel of the cape. Ignorant of the exact position,
many seamen have mistaken the high land at the back
of Ras Jard Hafun, ten miles south of Cape Guardafui,
for the latter, which, being lower and lighter in colour, is

often invisible at any considerable distance. Believing
the cape to be passed, ships have been steered into the

comparatively low bay between the two headlands, and
have struck on the sandy beach before any warning has

' "
Meteorological Charts of the Portion of the Indian Ocean adjacent to

Cape Guardafui and Kas Hafun." (London : Published by the authority
of the Meteorological Council, 1891.)
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been given. An idea was mooted that a change in the
sea temperature could be trusted to indicate the position
of the ship in latitude, and some experienced captains in
the mercantile marine advocated warmly this test, holding
that a sea temperature of 8o' F. was never found at this
season south of Cape Guardafui. The attention of the

Meteorological Office was called to these statements, and
it was evident that an investigation into the facts would
be of great service to the mariner. A preliminary inquiry
threw doubt on the view in question, though it was ap-
parent that the temperature was, generally speaking,
lower to the south of Cape Guardafui than to the
north. The charts now published are the outcome of
the inquiry. So far as the practical bearing of the

investigation on navigation is concerned, the result, in

brief, is that in every month of the year a sea surface

temperature above 80^ may be found to the southward of

Cape Guardafui ; and that, although in the months of

June, July, and August, when the south-west monsoon
is at its height, this occurrence is rarer than at other

seasons, the thermometer would prove a very dangerous
guide for the purpose suggested.
The primary object of the discussion undertaken by

the Meteorological Office was to show the difference of
sea surface temperature near Cape Guardafui in com-
parison with that over the sea to the southward during
the south-west monsoon months, from April to September,
but more especially in the months of June, July, and
August, when the monsoon is most pronounced. In spite
of this being the period of the northern summer, the
surface water is coldest at this season, and from June to

September are the only months during the year that

temperatures below 70' are experienced within the area
dealt with. It is clear that during the full strength of
the south-west monsoon the cold water of the southern

hemisphere is driven north of the equator ; but on the
other hand, although low temperatures are experienced,
readings of 80^ and above are met with in these months
at a considerable distance to the southward of Cape
Guardafui

;
and for a vessel, making a passage from the

southward, to reason that she had passed Cape Guardafui
because the thermometer indicated a temperature of 80°

would be altogether misleading. The temperatures are
without doubt more uniformly high in the vicinity of

Cape Guardafui than further to the southward during
the months of June to September, and this justifies to a

very great extent the opinion formed by many leading
captains of the merchant service that a safe course might
be shaped by the thermometer ; but this view is now
proved to be erroneous. The sea surface temperature
reaches its highest point in the district discussed during
the months of March, April, and May, when nearly the

whole area is above 80°.

The winds and ocean currents, which are plotted in posi-
tion on the charts, give features of especial interest. The
change of monsoon is well shown, and the effect produced
by the adjacent land on the direction of the wind, also the
variations in the strength of the monsoon, especially the

intensified force of the south-west wind, which reaches its

maximum in July, when the winds frequently blow with
the force of a whole gale. The direction during the

south-west monsoon is generally more southerly near the

land than over the open sea. The surface current during
the south-west monsoon almost invariably sets off the
land to the eastward and north-eastward, and it some-
times attains the velocity of 80 to 100 miles in the 24
hours. In the north-east monsoon the conditions are

generally much quieter, but the monthly charts show
interesting and important differences ;

and the work,
embracing, as it does, the whole twelve months, illustrates

very fully the changes which occur, and afford very
valuable material both for the man of science and the
sailor.
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NOTES.
The President and Council of the Royal Society have re-

commended Prof. Charles Lapworth and Prof. A. W. Riicker
for the Royal Medals this year, and the Queen has signified her

approval of the award. The other medallists are Prof. Canniz-
zaro for the Copley Medal, and Prof. Victor Meyer for the Davy
Medal.

The following is the list of names recommended by the

President and Council of the Royal Society for election into the

Council for the year 1892, at the anniversary meeting on
November 30 :—President : Sir William Thomson. Treasurer :

John Evans. Secretaries : Prof. Michael Foster, Lord Ray-
leigh. Foreign Secretary : Sir Archibald Geikie. Other Mem
hers of the Council : Captain William de Wiveleslie Abney,
William Thomas Blanford, Prof. Alexander Crum Brown, Prof.

George Carey Foster, James Whitbread Lee Glaisher, Frederick
Ducane Godman, John Hopkinson, Prof. George Downing
Liveing, Prof. Joseph Norman Lockyer, Prof. Arthur Milnes

Marshall, Philip Henry Pye- Smith, William Chandler Roberts-

Austen, Prof. Edward Albert Schiifer, Sir George Gabriel

Stokes, Prof. Sydney Howard Vines, General James Thomas
Walker.

We are glad to hear of a splendid gift which has just been

formally accepted by the Regents of the Smithsonian Institution.

It is a gift of 200,000 dollars, which has been presented to the

Institution by Mr. Thomas Hodgkins, of Setauket, Long Island,

The donation is accompanied with a condition—which, as the

New York Tribune remarks, "will not be onerous"—that the

donor shall have the option of giving another sum of 100,000
dollars within the year. Mr. Hodgkins has arranged that the

interest of 100,000 dollars shall be "permanently devoted to the

increase and diffusion of more exact knowledge in regard to the

nature and properties of atmospheric air."

The opening meeting of the seventy-fourth session of the

Institution of Civil Engineers was held on Tuesday, and was

very fully attended. Awards were made for various original

communications submitted during the past session, for various

papers printed in the Proceedings without being discussed, and

for various papers read at the supplemental meetings of students.

Mr. George Berkley, the President, delivered an address, taking
as his subject the advance of engineering work in relation to

social progress.

The following, briefly stated, are prize subjects recently

proposed by the Dutch Academy of Sciences, at Haarlem :
—

(i) Molecular theory of internal,friction of gases departing from

Boyle's law, and if possible, of liquids. (2) Determination of

the duration of electric vibrations in various conductors.

(3) Try inoculation of Visciim album on apple, pear, chestnut,

and lime trees, and explain its preference for certain species.

(4) Criticism of opinions on structure and mode of growth of the

cell-wall, having regard to continuity of the protoplasm of the

adjacent cells (in some cases). (5) New experiments on the

reproductive power of parts of plants, and the polarity observtd

in it. (6) Study of the low organisms appearing (usually as

filaments) in bottles containing solutions of chemical products,

after long standing. (7) Significance of peptones for the circu-

lation of nitrogen in plants. (8) Oxidation of ammoniacal salts

in the ground, and transformation into nitrates. Do the

microbes found by Winogradsky and Frankland exist in the

soil of Holland ? (9) Researches on the organism concerned

in production of marsh gas, or the conditions in which the gas

is formed, if life has only an indirect influence on the phenome-
non. Liberation of the gas from manure. (10) Study of the
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microbes involved in ensilage of green fodder, and of the

variations of sugar and acidity with temperature and time.

(11) The development of Triclades. (12) The development of

the spleen. The prize offered in each case is a gold medal or a

sum of 150 florins. Memoirs may be written in Dutch, French,

English, Latin, Italian, or German (not German characters),

and they are to be sent in, with sealed packet, to the secretary

before January i, 1893. (Further particulars in the Revue

Scientifique, October 10, 1891.)

According to an official report which reached the Japanese

Legation, London, on November 6, the earthquake of October

28 affected the prefectures of Aichi and Gifu. It was calculated

that the number of persons killed was 6500, and of persons

injured 9000; that 75,000 houses were destroyed, and 12,000

damaged.

In its review of the weather during October, the U.S. Pilot

Chart notes that the latter part of September and nearly the

entire month of October were characterized by exceptionally

severe weather in the North Atlantic. Tropical hurricanes

passed north between Hatteras and Bermuda on October 3, 12,

and 18. The heavy weather that prevailed between Newfound-
land and the British Channel in the last week of September was
followed by comparatively moderate weather during the first two

days of October, but a storm that apparently moved eastward in

high latitudes on the 2nd and 3rd caused increasing westerly

gales in mid-ocean, and the force of these gales was very greatly

increased by the formation of a secondary on the 4th, a short

distance west of Rockall. This secondary remained central

about the same place for three days, the 4th, 5th, and 6th, and

during all of this time there was very severe weather almost all

the way from the North Sea to the Grand Banks. There were

also later storms, and altogether, when the facts are fully

known, it will probably be found that the month was one of the

most severe on record.

We take from Symons's Monthly Meteorological Magazine for

October the following interesting details of the climate of the

British Empire during 1890. The tables for the year exhibit

some exceptional features. For the first time in the 17 years that

the figures have been published, the highest shade-temperature
occurred at an East Indian station, io5°*6 at Calcutta, instead

of in Australia. The highest sun-temperature was, however, re-

corded at Adelaide, 163° "9, although it is not exceptional for

this to occur at Calcutta, while the mean temperature of the

East Indian stations far exceeds that of Australia. The lowest

shade-temperature occurred, as usual, at Winnipeg, -
39°'4, the

extreme rigour of whose winters far exceeds the cold at the other

Canadian stations. The greatest range in the year, I35°'9, as

well as the greatest mean daily range and the lowest mean tem-

perature, 32° 8, also occurred there ; while the least yearly range,

25° "4, and the highest mean temperature, 80° '5, occurred at

Colombo, Ceylon. The driest station was Adelaide, mean

humidity 62, and the dampest London, mean humidity 80.

The greatest rainfall for the places quoted was 82*90 inches at

Trinidad, and the least, I9"96 inches at Jamaica. The most

cloudy station was Hobart, in Tasmania, and the least cloudy
Malta. A large amount of cloud occurs at most insular stations,

as well as great humidity, and small range of temperature ; and,

atone time or another London, Ceylon, Barbados, and Mauritius

have recorded the extremes of most of these elements.

At the distribution of prizes in the Sheffield Technical School

last week. Dr. ;Sorby, the President of the iCouncil of Firth

College, spoke vigorously and opportunely on a subject which is

likely to become one of increasing importance—the true relation

of technical education to the study of pure science. He feared,

he said, not that technical education would not succeed, but

that the public might forget that there might be something else
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besides. He hoped that in the efforts that were being made to

insure education in everything which was required for the trade

of the country they would not forget that there were other

things besides that. Some of the greatest discoveries made

by Davy, Faraday, and Pasteur, were not made for trade

purposes, but in the interests of abstract science. If they did

anything to delay the development of science as a whole, they
would hinder trade in the long run. Abstract science might
sometimes appear at first to be very abstract, but all at once it

might turn out to be of the utmost value in connection with

trade. He would be very sorry indeed if in the future technical

instruction should push other education out of the field altogether.

There was a danger of this, because the funds available for

education and objects of that kind were limited, and what was
devoted to one institution was to some extent taken from others.

The annual report on the technological examinations of the

City and Guilds of London Institute has just been published.

It is signed by Mr. G. Matthey, F.R.S., chairman of the ex-

aminations committee, and Sir Philip Magnus, superintendent
of technological examinations. The facts set forth in the

report are, upon the whole, satisfactory. At the recent ex-

amination the total number of worked papers was 7416, as

against 6781 in 1890, showing an increase of 635, the corre-

sponding increases in the two previous years being 175 and 440.

This year, too, there is not only an increase in the number, but

also in the proportion of candidates who have succeeded in

satisfying the examiners, the number of passes being 4099 as

against 3507 in 1890, and the percentage of passes 55*3 as

against 51 8. Moreover, the examinations were held this year

in 53 as against 49 subjects in the previous year, and in 245 as

against 219 different centres throughout the country.

Writing to the Times on the place due to horticulture in

technical education, Mr. W. Wilks, honorary secretary of the

Royal Horticultural Society, says that that Society is ready to

co-operate with the County Councils in any attempt to promote
the serious study of the subject. The Society has already

entered into arrangements with the County Council of Surrey

for holding examinations and awarding certificates, &c., after a

series of lectures in various centres ;
and the County Council of

Cambridgeshire is in communication with the Society as to the

provision of practical demonstrations of scientific methods applied

to orchards, allotments, and cottage gardens. Mr. Wilks is

also in correspondence with a gentleman in Somersetshire, with

the object of sending round an itinerant instructor and adviser

to some of the cider orchard districts of that county.

At a meeting of the Ashmolean Society in the Museum, Ox-

ford, on Monday, November 9, under the presidency of Prof.

Odling, Colonel Swinhoe read a paper on silk-producing moths.

The author exhibited specimens of Botnbyx 7nori and of Iheir

cocoons, showing the changes produced by variation of climate

and domestication on members belonging to the Bombycidse.

Several specimens of the tussur silkworm were exhibited, illus-

trating in some respects the effects of cross-breeding, which, in

the opinion of the author, had done much to depreciate the

commercial value of the silk produce of India. Much greater

care—a care which the Chinese appreciated
—was needed on the

part of the native breeders of the silkworm to insure in the silk

the peculiar qualities which enhance its market value. A dis-

cussion followed, in the course of which Prof. Legge described

briefly the method of culture of the mulberry-tree in China, and

some of the methods employed in winding and securing the silk.

The Christmas lectures to juveniles, at the Royal Institution,

will this year be on " Life in Motion, or the Animal Machine "

(experimentally illustrated), and will be delivered by Prof. John
G. McKendrick, F.R.S., Professor of Physiology in the Uni-

versity of Glasgow.
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A MAMMALIAN tooth has just been discovered by Mr.
Charles Dawson, of Uckfield, in a Wealden bone-bed near

Hastings. The fossil much resembles one of the lower molars
of Plagiaulax, a genus well known from the Purbeck Beds of

Swanage. It is the first evidence of a mammal from the
Wealden formation, and will be exhibited and described by
Mr. Smith Woodward at the next meeting of the Zoological

Society, on the 17th inst.

De Candolle states, in his
"
Origin of Cultivated Plants,"

that maize is unknown in the wild condition. Some light may
possibly be thrown on the origin of cultivated maize, by the

discovery of a wild species, the only one of the genus, in

Mexico. It is described by Prof. Sereno Watson, in the

"Contributions to American Botany," under the name Zea
nana.

We learn from the Jotirnal of Botany that the great Index
of Genera and Species of Flowering Plants, on which Mr. B.

Daydon Jackson has been continuously engaged for nearly ten

years, is now ready for the printers' hands, and will be issued

by the Clarendon Press, under the title "Index Kewensis
nominum omnium plantarum phanerogamarum, 1 735-1885."
The work has been carefully revised by Sir Joseph Hooker,
who, besides annotating the manuscript, has undertaken the
care of the geographical distribution.

If the weather during the approaching winter be as severe as

that which we had last winter, many persons jwill be likely to

take some interest in an invention which is attracting notice in

America. This is an electric snow-sweeper—a snow-sweeper
driven by an electric motor. The Engineering Magazine, of

New York, says that while the machine is driven along the track
of an electric railway by a motor ot 30 horse-power, taking its

current through the trolly wire, the two sweeping brushes are
each driven by an independent motor, and all the three motors
are reversible. It is stated that this plough is competent to re-

move from a track snow having a depth of from 3 to 12 inches,
while running at a speed of from 4 to 10 miles an hour. The
independent action [of the brush-motors enables them, when
necessary, to be run at a high rate of speed while the plough is

moved slowly along the track, and thus to cut away hard, com-

pacted snow, or drifts. It is said that the machine was thoroughly
tested last winter, and its effectiveness thereby completely de-

monstrated.

It is known that ozone can be abundantly produced by the

electric silent discharge, and many years ago Siemens devised

an "ozone-tube" for the purpose, consisting of two thin glass

tubes, one within the other; the inner lined, and the outer

coated, with metal, to which alternating currents of high tension

are brought, acting on the gas to be ozonized within. From
recent experiments in Siemens and Halske's laboratory, it

appears that a good result may be had with only one dielectric,
and for this not only glass, but mica, celluloid, porcelain, or the

like, may be used. Thus the ozone-tube may be arranged with
a metallic tube within, and the outer tube a metal-coated
dielectric ; or the inner metal tube may have a dielectric coat,
while a metal tube is the inclosing body. As metals that are

little or not at all attacked by ozone, platinum, tin, tinned

metals, and aluminium are recommended. Through the inner
tube flows cold water, and through the space between the tubes

air, dried and freed from carbonic acid. Several such tubes

may be combined in a system, and worked with alternate

currents (for single tubes the continuous current with commu-
tator is best). An apparatus of this kind is now at work in the

laboratory, yielding 2*4 mg. of ozone per second. Experiments
are being made in supplying compressed ozone for technical use

;

and this has been accomplished with a pressure of nine atmo-
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spheres. One use of ozone, on which Herr Frolich lays special
stress (in the recent lecture from which these data are taken),
is the disinfection and sterilization of water. And doubtless

with an abundant supply of the substance, the use of it would be

greatly extended.

Mr. a. Crawford, the manager of the travelling dairy
connected with the Department of Agriculture, Victoria, is

able to give a very favourable report of the results of the

operations of the dairy during the last two years. It has been

the means, he says, of very largely improving the general

average of both cheese and butter sent to market. A good
many pupils have been taught who had never made butter o*"

cheese before, and several of them are now managing factories.

In nearly all the places he has visited Mr. Crawford has lectured

on dairy farming ; and in many cases he has gone to outlying
districts as well as to important centres.

At the recent general meeting of the German Anthropological

Society, Prof. Montelius, of Stockholm, delivered two remark-

ably interesting archaeological lectures. In the first he dealt

with the chronology of the Neolithic Age, especially in

Scandinavia. The monuments of that age, he said, belonged
to three different periods. First, were free-standing dolmens
without passages ; next, passage-graves ; finally, stone cists.

The last are later in proportion to the completeness with which

they are covered by the mounds heaped over them. Behind
the periods represented by these classes of monuments was a

Neolithic period from which no grave of any kind is known to

have survived. It has left traces, however, in its implements,
which are of an earlier form than the various sorts found in the

different groups of monuments. The Scandinavian forms of

Neolithic weapons, implements, and ornaments are closely akin

to those which have come down to us in the rest of Europe,

especially in North Germany, England, Italy, and even Cyprus.
This may be held to prove that there was a more or less active

commercial intercourse between Scandinavia and the Continent

at a very remote time. To this commercial intercourse Prof.

Montelius is disposed to attribute the relatively high civilization

of Scandinavia in the Neolithic Age. Prof. Montelius also

contends that the various periods of the Neolithic Age in

Scandinavia were more nearly contemporaneous with those of

other parts of Europe than has hitherto been generally supposed'

In his second lecture Prof. Montelius treated of the Bronze

Age in the East and in Southern Europe. He distinguished the

following periods :
—

(i) A copper period without bronze, re-

presented by the finds of Richter in Cyprus and those obtained

by Schliemann from the first city at Hissarlik. (2) The bronze

period in the islands of the yEgean Sea, Rhodes, Crete, &c.

(3) A later bronze period
—

(a) with shaft tombs at Mycenae,

{b) with bee-hive tombs in the neighbourhood of Mycenae,

Orchomenos, &c. These cities had not a pure Hellenic civiliza-

tion, but must be regarded rather as Oriental colonies. The

knowledge of bronze certainly came to Europe from the East ;

not by way of Siberia and Russia, nor across the Caucasus, but

probably through Asia Minor and the Mediterranean to Italy

and Spain, whence it rapidly spread to Gaul, Britain, and other

countries.

A PENINSULA called Keweenaw Point, jutting into Lake

Superior from the southern shore towards the north-east, is

famous as the centre of a vast copper-mining industry. Last

year the mines produced no less than 105,586,000 pounds of re

fined copper, and it is estimated that during next year production
will be increased by at least 20 per cent. Mr. E. B. Hinsdale,

who contributes to the latest Bulletin of the American Geo-

graphical Society an article on the subject, has much that is

interesting to say about the numerous prehistoric mines which

have been found in this region. These ancient mines—^judging
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from their extent—must have been worked for centuries. Who
the workers were, no one can tell. They seem to have known

nothing of the smelting of copper, for there are no traces of

molten copper. What they sought were pieces that could be

fashioned by cold hammering into useful articles and ornaments.

They understood the use of fire in softening the rocks to enable

them to break away the rock from the masses of copper. They
could not drill, but used the stone hammer freely. More than

ten cart-loads of stone hammers were found in the neighbourhood
of the Minnesota mine. In one place the excavation was about

50 feet deep, and at the bottom were found timbers forming a

scaffolding, and a large sheet of copper was discovere I there. In

another place, in one of the old pits, was found a mass of copper

weighing 46 tons. At another point the excavation was 26 feet

deep. In another opening, at the depth of 18 feet, a mass of

copper weighing over 6 tons was found, raised about 5 feet from

its native bed by the ancients, and secured on oaken props.

Every projecting point had been taken off, so that the exposed
surface was smooth. Whoever the workers may have been,

many centuries must have passed since their mines were

abandoned. Their trenches and openings have been filled up,
or nearly so. Monstrous trees have grown over their work and
fallen to decay, other generations of trees springing up. When
the mines were rediscovered, decayed trunks of large trees were

lying over the works, while a heavy growth of live timber stoo d
on the ground.

The last two parts of the Izvestia of the Russian Geograph-
ical Society (vol. xxvii.

, 3 and 4) contain M. Grum-Grzimailo's

report on his journey to Central Asia, and General Tillo's calcu-

lations of the heights determined by the Russian traveller during
his journey. The report, which adds little to the information

given in the explorer's letters, is accompanied by a map em-

bodying the results of the extensive surveys made by the two
brothers in the Eastern Tian Shan, the Hashun Gobi, the Barkul

oasis, and the region in the south-east of it, as far as the 36th

degree of latitude and the 72nd degree of longitude. It was

already known that during this journey the brothers Grum-
Grzimailo had discovered, some fifty miles to the south-east of

Turfan, a depression situated between the two chains of the

Eastern Tian Shan and the Kuruktag Mountains, the level of

which proved to be very near to the sea-level, or even below it.

At the spot, Lukchin-chir, their barometer rose (on October

27) to 7717 mm. On the same day, the pressure of the

atmosphere, reduced to the sea-level, attained 784 mm. at Kras-

noyarsk, 7877 mm. at Yeniseisk, 774 mm. at Irkutsk and

Tomsk, and 767 mm. at Przevalsk and Narynsk ; so that there

may be some doubt as to the pressure in the latitude and longi-
tude of Lukchin-chir (at the sea-level) really being 767 mm., as

adopted by General Tillo, which would give for that spot 50
metres below the level of the sea. But the possible error cannot

be very great, and we thus have, between the two above-named
chains of mountains, an undoubted depression, the surface of

which is very near to the level of the ocean.

Mr. L. Stejneger describes, in the Proceedings of the

American National Museum, a new North American lizard of

the genus Sauromalus. It is very large, the total length of four

specimens averaging 540 millimetres. This enormous lizard is

closely allied to the much smaller species which inhabits the arid

regions of the mainland to the north of the Gulf of California,

viz. Sauromalus ater, with which it has been confounded. It

may be readily distinguished by the characters given in Mr.

Stejneger's diagnosis.

Some time ago the Educational Museum of Tokyo was

abolished, and the collections were transferred to the Science

College of the Imperial University. Dr. I. Ijima, Professor of

Embryobgy and Comparative Anatomy, who volunteered to
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take care of the ornithological collection, offered to send it to

Mr. L, Stejneger, of the U.S. National Museum, in instalments
for identification and study, and the proposal was gladly ac-

cepted. Dr. Stejneger has made some progress with the work,
and has just issued " Notes

"
in which he presents the results of

his examination of the first instalment. He has had the satis-

faction of finding "quite a number of interesting additions to

the Japanese avifauna."

W' E have received Nos. 7-9 of vol. i. of "
Illustrations of the

Flora of Japan, to serve as an Atlas of the Nippon-Shokubut-
sushi,"by Tomitaro Makino, a monthly publication, brought
out in Tokyo, apparently somewhat on the plan of the " Icones

Plantarum.'" Each number contains about six plates (un-

coloured), with descriptions, of new or remarkable species,
natives of Japan. The drawings are exceedingly well done,
and the descriptions (in English) would compare favourably, in

accuracy and completeness, with those of some works published
in this country. The species described appear to be taken at

random, those in the same number having no affinity with one

another.

Messrs. Bailliere, Tindall, and Cox have issued the

fifth edition of the " Manual for the Physiological Laboratory,"

by V. D. Harris and D'Arcy Power. The work has been

enlarged, the increase being due mainly to the more detailed

account which has been given, for junior students, of micro-

scopes and their properties ; and to the description, for senior

students, of the latest methods of histological research. The

parts relating to physiological chemistry have been thoroughly

revised, and many additional illustrations have been inserted.

Mr. James Stirling, Assistant Government Geologist,

Victoria, has published at Melbourne some valuable and

interesting notes on the hydrology of the Mitta Mitta. The

following are the leading conclusions to which he has been led

by his observations :—(i) That there is considerable inequality
in the amount of rainfall over different portions of the same
watershed area in each of the various streams flowing from the

Australian Alps, the Mitta Mitta being cited as an instance of

this
;
and that as the recording stations at present established

are all below the normal line of cloud flotation (under 4000 feet),

where the rainfall is greater, the actual quantity which falls

in the several watershed areas is really greater than that shown
in the records, (2) That the low percentage of discharge to

rainfall is due in all probability to a complexity of causes, among
which may be cited the excessive evaporation in certain areas,

largely due to the great range of temperature ; the different

heat-radiating powers of different rock-masses ; and percola-
tion along fault lines, contacts of the igneous and sedimentary

formations, &c. ; and, in some areas, the absorption by cer-

tain species of the prevailing eucalyptus vegetation. (3) To
determine the actual quantity of rainfall and the causes affect-

ing its local distribution, it has become necessary to establish

meteorological stations at the higher altitudes in the Australian

Alps. (4) And in order to supply further trustworthy data, it

is, Mr. Stirling thinks, imperative that a system of complete

topographical survey should be instituted.

The Annual Report, for 1888-89, of the Geological and
Natural History Survey of Canada has been issued. It forms

the fourth volume of the new series, and includes reports and

maps of various investigations and surveys. The volume opens
with summary reports, by Mr. Alfred R. C. Selwyn, the Director,
on the operations of the Geological Survey for the year 1889.
Then come the following reports:—On a portion of the west

Kootanie district, British Columbia, by G. M. Dawson ; an

exploration in the Yukon and Mackenzie basins, by R. G,

McConnell ; exploration of the glacial Lake Agassizin Manitoba,



November 12, 1891] NATURE 41

by Warren Upham ;
the mineral resources of the province of

Quebec, by R. W. Ells ;
the surface geology of Southern New

Brunswick, by R. Chambers ;
chemical contributions to the

geology of Canada from the laboratory of the Survey, by G. C.

Hoffmann
; mining and mineral statisiics of Canada, by H. P.

Brumell ; division of mineral statistics and mines, by E. D,

Ingall and H, P. Brumell
;
annotated list of the minerals

occurring in Canada, by G. C. Hoffmann.

The administration of forests seems to be, on the whole, one

of the most satisfactory departments of public activity in India.

Dr. Ribbentrop, in his report for the year 1889-90, states that

over 4200 square miles were added to the area of forest estates

under control, thus bringing the total area up to nearly 105,500

square miles. The gross revenue exceeded 153 lakhs of rupees,

giving a surplus over expenditure of nearly 73 lakhs, or an

increase in a single year of 15 lakhs. The surplus in 1885 was

only 41 lakhs. It is believed that this rate of increase may be

maintained, as the rich forests of Upper Burma have still to be

opened out.

In a recent communication from Alta Verapaz, a department

in Guatemala {Met. Zeii.), Dr. Sapper describes the climate.

The position is on the north slope of a hill-range stretching east

and west, and the large rainfall (it has a rainy season in winter,

as well as that in mmmer common to the whole of Central

America) apparently affects the frequency of earthquakes. For

the district is of limestone and dolomite, and honeycombed
with caverns and subterranean watercourses, and heavy rains

lead to a collapse of such cavities, so that towards the end of

the summer rain season, and still more towards that of winter,

the number of earthquakes and tremors is distinctly increased.

The winter of 1889-90 had unusually heavy rains, and the

earthquakes were also unusually numerous (seventeen in 1890

as against five the previous year).

A PAPER upon the sulphides of boron is communicated by M.

Paul Sabatier to the September number of the Bulletin de la

Societc Chimique. Hitherto only one compound of boron with

sulphur has been 'known to us, the trisulphide, BoS^, and con-

cerning even that our information has been of the most incom-

plete description. Berzelius obtained this substance in an

impure form by heating boron in sulphur vapour, but the first

practical mode of its preparation in a state of tolerable purity

was that employed by Wdhler and Deville. These chemists

prepared it by allowing dry sulphuretted hydrogen gas to stream

over amorphous boron heated to redness. Subsequently a

method of obtaining boron sulphide was proposed by Fremy,

according to which a mixture of boron trioxide, soot, and oil are

heated in a stream of the vapour of carbon bisulphide. M.

Sabatier finds that the best results are obtained by employing

the method of Wohler and Deville. The reaction between

boron and sulphuretted hydrogen only commences at red heat,

near the temperature of the softening of glass. When, how-

ever, the tube containing the boron becomes raised to the

temperature, boron sulphide condenses in the portion of the

tube adjacent to the heated portion ; at first it is deposited in a

state of fusion, and the globules on cooling present an opaline

aspect. Further along the tube it is slowly deposited in a

porcelain-like form, while further still the sublimate of sulphide

takes the form of brilliant acicular crystals. The crystals consis

of pure B2S3 ;
the vitreous modification, however, is usually

contaminated with a little free sulphur. Very fine crystals of

the trisulphide may be obtained by heating a quantity of the

porcelain-like form to 300° at the bottom of a closed tube whose

upper portion is cooled by water. The crystals
are violently

decomposed by water, yielding a clear solution of boric acid,

sulphuretted hydrogen being evolved. On examining the porce-

lain boat in which the boron had been placed, a nonvolatile
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black substance is found, which appears to consist of a lower

sulphide of the composition B4S. The same substance is ob-

tained when the trisulphide is heated in a current of hydrogen ;

a portion volatilizes, and is deposited again further along the

tube, while the residue fuses, and becomes reduced to the unal-

terable subsulphide B4S, sulphuretted hydrogen passing away in

the stream of gas.

Two selenides of boron, B^Scs and B4Se, corresponding to

the above-described sulphides, have also been prepared by M .

Sabatier, by heating amorphous boron in a stream of hydrogen

selenide, HoSe. The triselenide is less volatile than the tri-

sulphide, and is pale green in colour. It is energetically de-

composed by water, with formation of boric acid and liberation

of hydrogen selenide. The liquid rapidly deposits free selenium,

owing to the oxidation of the hydrogen selenide retained in

solution. Light appears to decompose the triselenide into free

selenium and the subselenide B4Se.

Silicon selenide, SiScj, has likewise been obtained by M.

Sabatier by heating crystalline silicon to redness in a current of

hydrogen selenide. It presents the appearance of a fused hard

metallic mass incapable of volatilization. Water reacts most

vigorously with it, producing silicic acid, and liberating hydrogen

selenide. Potash decomposes it with formation of a clear

solution, the silica being liberated in a form in which it is readily

dissolved by alkalies. Silicon selenide emits a very irritating

odour, due to the hydrogen selenide which is formed by its re-

action with the moisture of the atmosphere. When heated to

redness in the air it becomes converted into silicon dioxide and

free selenium.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey {Macacus cynomolgus f, )

from India, presented by Mr. G. E. Lidiard ;
two Senegal

'YQMtz.co\!i% {Corythaixperso), z. Madagascar Porphyrio {Porphyrio

madagascariensis) from West Africa, presented by Mr. J. B.

Elliott ;
a Blue-fronted Amazon {Chrysalis crstiva) from Brazil,

presented by Mrs. H. R. Warmington ; two Puff Adders

{Vipera arietam) from South Africa, presented by Messrs.

Herbert and Claude Beddington ;
two Tree Boas {Corallus

horlulanus) from St. Vincent, W.I., presented by H.E. the

Hon. Sir Walter F. Hely Hutchinson, K.C.M.G. ;
a Tree Boa

{Corallus horlulanus) from Demerara, presented by Mr. J. J.

Quelch, C.M.Z.S. ; a Black-headed Lemur {Lemur brunneus)

from Madagascar, a Brown Capuchin {Cebus fatuellus) from

South America, a Black-headed Caique {Caica melanocephala)

from Demerara, a Red and B'.ue Macaw {Ara niacao) from

Central America, deposited ; a Black-headed Caique {Caica

melanocephala) from Demerara, purchased.

OUR ASTRONOMICAL COLUMN.
Outburst of Dark Spots on Jupiter.

—Attention has

been called by several observers to a number ofdark spots which

have appeared lately on the first belt north of the north equa-

torial belt of Jupiter, in about latitude 20°. Mr. Denning
derived a period of rotation of 9h. 49m. 27 -as. from his observa-

tions of one of these objects between August 21 and September

15 {Observa'ory, October 1 891). A change then occurred, for

this spot, and others near it, were found to have a rotation period

of 9h. 49m. 44*2s. from September 15 to October 15. This

sudden change of 17 seconds in the rate of motion of a region of

some extent is most remarkable. A series of photographs of

Jupiter were taken at Lick Observatory in August, which,

according to Mr. Stanley Williams, "are of such a degree of

excellence that an examination of them is almost like looking at

the planet itself" {Observatory, November 1891). These photo-

graphs show six or seven dark spots, and a comparison of them

with a sketch made about one rotation later clearly indicates a

displacement of the spo'.s with reference to the great red spot.
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owing to the more rapid movement of the belt in which they
occur. Prof. E. E. Barnard observed the spots so early as May last

{Astronomische Nachrichten,'^o. 3063). He found in September
that they were decreasing their longitudes about 10° daily. At
this rate they would describe a complete rotation round Jupiter,
relative to the great red spot, in about 36 days. The daily lofs

•derived from Mr. Denning's observations in August and Sep-
tember would bring the two spots in conjunction in about 39

days.

Wolf's Periodic Comet.—The following ephemeris is from

one given by Dr. Thraen in Astronomische Nachrichten, No.

3064 :—
Ephemerisfor Berlin Midnight.

Nov.

Dec.

31.
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nodes looked for, because the distances between them remained
^^naflFected on changing the rate of alternation. The distances
from nod2 to node also were found to measure different amounts

(though on the whole there was a decided tendency towards

regularity). The average distance apart of the nodes in the
different rings tried lay between lo and i8 inches.

The occurrence of the nodes might have been very well

attributed to the ring being locally irregular in its susceptibility
to induction, but for the irreconcilable fact that the effects on
either side of a node were found to be of opposite phase, just
as it would be, were the phenomenon due to stationary inter-

ference waves.

This was ascertained by means of two coils connected in the
same sense in series with the telephone. When these coils

were arranged at places of equal intensity, one on each side of
a node, no sound was to be heard in the telephone, the effects

neutralizing one another. A commutator, to throw in the coils

singly or together as desired, is convenient for making this

experiment.
From this, one would naturally assume that the currents

induced on either side of a node must be of opposite sign, seeing
that they neutralize each other in the telephone ; but experi-
ments with the galvanometer show it not to be the case. To
test this, the galvanometer is connected up through a com-
mutator arrangement fixed to the originator of the primary
current in such a way as only to admit of the currents induced
in one direction passing. Tried in this way, no difference in

the direction of the current on either side of a telephone node was
found, or, indeed, any trace of a minimum effect at these points.
The thing can also be tested by means of a ballistic galvano-
meter, and a reversing key with battery, for, with a reversing
key and telephone, the nodes, which are quite independent of
the speed, are lo be found, as well as the opposite phase effect.

The ballistic galvanometer gives no indication of there being
any difference at the nodes from elsewhere, and the deflection

everywhere is in the same direction.

It was thought that perhaps the telephone effect was in some
way connected with the fact that the form of the alternating cur-

rent was not a simple wave or sign curve, owing to the method em-

ployed in producing it. This consisted of a rotating commutator,
which threw in circuit alternately two cells connected up singly and
in opposite directions. For this reason, the effect, when using a
small alternating machine with about 40 alternations per second,
was compared, and was found to be in no way different. Also
what must have been a very regular variable current of the

simple harmonic type was procured by means of a microphone
and an organ-pipe. This gave like results.

One is thus left apparently to suppose the sound in the

telephone to be due to a peculiarity in the character of the
curve representing the rise and fall of the current, probably
something of the nature of a subsidiary oscillation ; this sub-

sidiary oscillation being absent at the nodes, and of opposite
sign on either side.

As mentioned before, it is necessary for the alternating coil to

be placed at definite positions, in order that the system of

nodes and internodes should occur. These positions of the

alternating coil are at about the same average distance apart,
and are of very much the same character with respect to regu-

larity as the nodes of the telephone coil. In fact, if the alter-

nating coil and the telephone coil change places round the ring,
the best position for the alternating coil will always be between
two nodes, and the nodes will be found situated between two old

positions of the alternating coil. If the alternating coil be

placed at a point where a node was found in some other position
of the alternating coil, the system of nodes and internodes

generally completely disappears, and now on moving the tele-

phone coil round the ring the intensity uniformly diminishes

until the diameter is reached, and then increases round the other

half of the ring. This gives the phenomenon a distinctly
resonant character. The induced current, as observed by a

galvanometer, is always of the latter character— that is to say,
a uniform fall, and then a rise on going round the ring.

As a rule the permanent magnetism of these large rings is

irregular, and apparently apt to change frequently. A determi-

nation of the permanent magnetism was easily made by means
of one of the coils connected with a ballistic galvanometer. By
moving this through a given amount at a time, say an inch, and

noting the throw of the needle, one was able to plot out a re-

presentation of the state of the permanent magnetism. In this

way, places where no throw occurs were found, while to either

side of such a point the throw changed sign. It was sometimes
found that there was a decided tendency for the position of no
throw to occur between two telephone nodes, the throw changing
sign on either side of these points. But further experiments
showed that this arrangement of the permanent magnetism was

probably accidental, and due to the very currents employed in

making the telephone observations. For when only very feeble

currents had been used on a ring, these consequent poles weie
absent.

It is possible, as one would expect, to artificially make a

minimum intensity position, at any point on a ring, by winding
on a few turns of thick copper wire. But the fact that the phases
on either side of such a point (found as before by means of two
coils in circuit with a telephone) are the same, precludes the
idea that the nodes can be due to Foucault currents.

Obviously, however, the phenomenon depends on some
permanent peculiarity round the^ring which happens to occur

fairly regularly. What this peculiarity is, or how it is brought
about, I have not yet been able to discover.

Fred, T. Trouton.

OYSTERS AT THE ANTIPODES.
CO much attention has been given in England to the various
*~-^

questions connected with oyster-fisheries that it may be of

interest to note some facts relating to the oyster-fisheries of out-

Australian kinsfolk. The subject was admirably dealt with in

a lecture delivered by Mr. Saville-Kent before the Christchurcli

meeting of the Australasian Association for the Advancement
of Science. This lecture is entitled

"
Oysters and Oyster-

Culture in Australasia," and has been published separately.
Mr. Saville-Kent devotes attention chiefly to Australia and

Tasmania, as, at the time when his lecture was prepared, he
had not had an opportunity of personally studying the question
in New Zealand. Beginning with Tasmania, where for five

years he was officially connected with the oyster- fisheries, he

points out that the oyster of Tasmania corresponds closely with

the type Ostrea edulis, produced and cultivated in British waters.

Formerly, this oyster was so abundant in Tasmanian waters,

that, according lo the report of a Royal Commission of Fisheries

in 1882, about twenty years previously a quantity representing
at current prices a retail value of no less than ^"90,000 had
been exported in a single year to Victoria and New South

Wales. At that time, oysters were so plentiful that it was a

common practice to burn them in large quantities for the purpose
of making lime. The strain was, of course, too severe, and

by and by the Tasmanians found that, although there was still

a demand for oysters, there was no longer a home-supply, and
that it was necessary for them to go elsewhere for the commodity
which they had so recklessly wasted. In 1884, when Mr. Saville-

Kent reached the colony, the oyster-fisheries of Tasmania had
for some years been an obsolete industry. Profiting by the

information which had been made accessible through the Inter-

national Fisheries Exhibition and associated Conferences in

London in 1883, and by Prof. Hubrecht's testimony as to the

oyster-fisheries of the Schelde, Mr. Saville-Kent recommended
the establishment, in suitable localities, of efficiently-protected

Government reserves, upon which breeding-stocks of oysters of

the best quality should be carefully cultivated and permanently
retained. These reserves were to fulfil the double purpose of

breeding-centres, from whence the surrounding waters might be

restocked, and also of model oyster-farms, around which private
beds might be established on similar lines. The scheme recom
mended being approved, sites formerly associated with the most

prolific oyster production were selected. The operations were

necessarily conducted on a very modest scale. Oyster stock,

suitable for laying on the reserves, could be accumulated only

by slow and laborious processes, and some 20,000 to 50,000

oysters represented the approximate numbers that were gradu

ally collected and placed under cultivation. In order that the

largest possible amount of spat produced by the oyster stocks

laid down might be caught, various methods were adopted, the

principle being that which has been followed with so much
success by M. Coste on the west coast of France. In addition to

dead oyster-shells, or "cultch," which has, from the earliest days
of oyster-culture, been recognized as representing a most natural

and prolific catchment material for the adhesion of the spat,

artificial collectors of various descriptions were introduced. In

France, tiles cemented on their lower surfaces have been found
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to constitute the most productive and economic collectors. In

Tasmania, as in all the other Australasian colonies, tiles being
much too expensive for such a purpose, a cheap and efficient

substitute for them was effectually improvised out of the thin

roughly-cleft boards known as "split palings," which can be

produced in timber-producing districts at a cost of from %s. to

\Os. per 1000. These paling collectors are coated on their

under surface with cement, a brick or stone is fastened under-
neath at each end to give them stability, and a wire loop secured

through the centre of their upper surface forms a convenient
handle by which they can be manipulated on shore or raised
with a boat-hook from beneath the water.
The results have been most satisfactory. Last year oysters

had become so plentiful at Spring Bay that the Hobart market
was glutted, and the sale price was reduced 50 per cent. Thus
an important industry has been revived, and there can be little

doubt that by the due maintenance of the breeding-reserves the

oyster-fisheries of Tasmania will be restored to more than their

former prosperity. In accordance with Mr. Saville-Kent's re-

commendations, all holders of private oyster-beds in Tasmania
are bound by the terms of their leases to retain a certain amount
of breeding-stock—not less than 10,000 mature oysters to the
acre—permanently on their oyster-beds. This regulation con-
tributes materially towards the distribution of spat throughout
the surrounding water, and to there-establishment of the oyster-
fisheries upon a durable basis.

Referring next to Victoria, Mr. Saville-Kent says that the

specific form of oyster indigenous to the Victorian coast-line is a
so-called mud oyster, identical with that produced in Tasmanian
waters, and to all outward appearance indistinguishable from
the British native, Ostrea cdicHs. In former years vast quanti-
ties of this oyster were obtained from Western Port Bay, Port
Albert, and Corner Inlet. Over-dredging, however, has re-
duced these prolific natural beds to the very verge of extinction,
so that Victoria has for many years been dependent upon New
South Wales, Queensland, South Australia, and New Zealand,
for her oyster supplies. Some time ago Mr. Saville-Kent was
invited by the Government of Victoria to make a tour of and
report upon the fisheries of the colony, giving special attention
to the practicability of reviving the oyster-fisheries. As a result
of that tour of inspection, he strongly recommended the adoption,
at Western Port and Port Albert more particularly, of the
methods which had proved so effective in Tasmania. One such
reserve with a very small stock of oysters was formed at Port
Albert. Unfortunately, however, the Government omitted to
make provision for periodical skilled supervision, and the reserve
dwindled away. As Mr. Saville-Kent says, unless such reserves
can be maintained in efficient working order, and the operations
periodically required thereon be supervised by a practical ostre-

culturist, the money expended on their establishment is simply
wasted.

At various parts of the Victorian coast-line, Mr. Saville-Kent
observed considerable numbers of oyster-shells, evidently derived
from deep water, that had recently been cast upon the shore by
storms. lie consequently predicted that more or less extensive
beds would be found off the coast

; and off-shore beds have in
fact been since discovered. Mr. Saville-Kent points out that a
most favourable opportunity is thus afforded for the restocking
of the in-shore fisheries.

In New South Wales a separate species of- oyster has to be
taken into consideration. The commercial species of this colony
is the rock oyster, Ostrea glovierata. At the same lime a mud
oyster, identical with or most closely allied to the Victorian and
Tasmanian type, Ostrea edulis, occurs in some numbers upon
the coast, but in consequence of the hitherto profuse abundance
of the rock variety it has not been considered worthy of com-
mercial attention. In form and general aspect the New South
Wales rock oyster somewhat resembles the Portuguese oyster,
Ostrea angtilata, and also the American Ostrea virgineana.
With these two species it fuither corresponds in its breeding
habits, which are essentially distinct from those of the English,
Victorian, and Tasmanian mud oyster, Ostrea edulis. In the
cas^e of the Australian rock oyster there is no nursing of the

joung brood, which is turned out to shift for itself, not only in

a shell-less but even in an unfertilized condition. Like the spawn
of many fishes, these ova are fertilized in the water. They can
be readily fertilized artificially, and Mr. Saville-Kent has found
that four days after fertilization the shells, which make their ap-
pearance on the second day, become so dense that the embryo
oysters can no longer support themselves in the water, but sink

to the bottom, where they assume their permanently fixed con-
dition. Such is the fecundity of this oyster that the rocks and
every available hiding-place in the bays, estuaries, and inlets of
the districts it affects become literally plastered with the embryo
brood

; and until quite recently, artificial culture in the scientific

sense has in New South Wales been usually regarded as an un-

profitable and unnecessary superfluity. Lately, however, the

oyster- fisheries of the colony have been seriously damaged by
a disease which either destroys the oyster or makes it unfit for 1

food. Mr. Saville-Kent attributes this disease to the pollution 1
of rivers. If he is right in this view, in support of which he '

has much to say, the oyster-growers of New South Wales will,
as he says, have to make the most of the water area left to them
where the water is pure. They may also have to turn their at-

tention to the cultivation of the New South Wales variety of the
mud oyster.

In Queensland, as in New South Wales, the only oyster used in

commerce is the rock variety, which may be said to attain its

maximum development in both quantity and quality in the
Moreton and Wide Bay districts. In these areas the species is

so abundant that large consignments, above those required for

home consumption, are exported to New South Wales and
Victoria. The disease which has so seriously depleted the
fisheries of New South Wales has not yet affected the

Queensland beds. Mr. Saville-Kent thinks that this immunity
is probably due to the circumstance that the Queensland oyster-
fisheries are chiefly located in bays and channels in close

proximity to the open sea, from whence, even after heavy floods
from the tributary rivers, they are speedily revived by an inflow
of sea-water. He urges the Queensland authorities to preserve
these tributary streams as far as possible from pollution by
chemical or other noxious works, which if allowed to increase to

any considerable extent cannot fail to exert a very deleterious
effect upon both the oyster and all other fisheries of the bays
into which the rivers flow. Artificial oyster-culture, with the

exception of one or two small experiments, has been so far

carried out in Queensland waters on the simple lines only of

transporting the young brood or ware, locally known a;s

"cultivation," from one locality and laying it down on ground
where it will develop more speedily to maturity. Mr. Saville-
Kent believes, however, that it would be profitable to use split

palings as spat collectors. One advantage possessed by this

form of collector is the shelter from the sun's heat afforded
to the young brood when left high and dry by the receding
tide. Millions of the Australian rock oyster are destroyed
annually through exposure to the overpowering heat of the sub-

tropical sun in the early days of the ir attachment to exposed
rocks near high-water mark. The overhanging ledges of larger
rocks and the shady sides of stone jetties or embankments are

invariably found to attract and support the greatest amount of

oyster brood, and this shelter, which is naturally sought, plainly
indicates the lines that may be most profitably followed in

operations connected with the artificial cultivation of the species.We may note that since Mr. Saville-Kent's lecture was pub-
lished a report by him- on "Oysters and Oyster- fisheries of

Queensland
"
has been issued by the Queensland Government.

In this report, which is carefully illustrated, full details are given
as to the conditions which must be specially taken into account

by all persons connected with Queensland oyster-fisheries.
Referring to the "split paling" collectors, Mr. Saville-
Kent emphatically repeats what he says in their favour in his
lecture. After considerable experience he expresses his con-
viction that they are the most convenient and economic form for
use in Australian waters, and that they may be characterized as
an essentially Australian product. About half-tide mark repre-
sents the z me within which— at all times of the year, but

especially in the months of February and August—they gather
the most abundant harvest of spat. On their first attachment to
the cemented collectors, the young oysters adhere to the cement
by the entire surface of the attached shell. After attaining to
about half an inch in diameter, the free edges of the shells

begin to grow outwards, and this direction of their growth is

continued until at an age of aliout six months they project an
inch and a half or two inches fmm the collector. At this stage
the young oysters may be easily detached with or without the

cement, and be laid on the banks as ordinary "cultivation."
The collectors may then be re-cemented and re-laid for the
catchment of a second crop.
Of the oyster-fisheries of South and West Australia Mr. Saville-

Kent is not able, in his lecture, to give precise details. He says.
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however, that excellent oysters of fine quality and magnificent

proportions, allied to Ostrea editlis, are exported from Spencer's
Gulf in South Australia to the Victorian markets, and more

especially to Ballarat. Some of these South Australian oysters
are of such Brobdingnagian dimensions that it is customary to

cut them in four pieces f- r sale at the oyster saloons, the quarters
thus divided being severally allotted to separate shells of ordinary
size and sold as single oysters.

Mr. Saville-Kent congratulates New Zealand upon her

abundant stores of oysters of various kinds. The days for the

systematic artificial cultivation of the oyster in that colony have
not yet arrived, and if she carefully husbands her natural

resources they may, he thinks, be long delayed.

THE TIBET EXPEDITION.

KT an extraordinary meeting of the Russian Geographical
Society on October 14, General Pevtsoff made his report

about the Tibet Expedition, of which he was the commander
after the death of Przewalsky. Having crossed the main Tian-
.'han ridge by the Bedel Pass, the Expedition went southwards,

through an extremely narrow gorge of the Kara-teke ridge. In
some places the gorge has only the width of 30 to 35 feet, while
its walls are 700 feet high. The first Kashgarian village reached

was Kalpyn, whence the travellers went to Yarkend. From
Yarkend they moved on the great Khotan high-road into the

northern spurs of the Kuen-lun. There they stayed for some

forty days, at a height of 10,000 feet above the sea, at Tokhta-

hon, collecting many interesting plants and birds, while the

geologist of the expedition, M. Bogdanovitch, made a long ex-

cursion into the region between the Yarkend-daria and the

Tyznan Rivers. On September 13 they left the highlands, and
after a three weeks' journey arrived at the Khotan oasis, the

population of which (120,000) are skilful in the manufacture of

carpets, felts, silks, and so on. From Khotan they went to

Keria, and next to Niya, where they left their superfluous luggage,
and whence they started to explore the Kuen-lun, in order to

try to find a good pass to Tibet. The pass was found at the

sources of the Tillan-hadji stream, not far from the Minjilin-
khanum monastery. It proved to be quite available both for

horses and camels. The winter was spent at Niya. On May 7,

the work of exploration was resumed, and next week the Expe-
dition reached the Kara-sai village. Followed by two men only,
M. Roborovsky went up the Saryk-tuz Pass (discovered during
the preceding autumn), and attained the sources of the Keriya-
daria on the Tibet plateau. Its altitude proved to be there

16,500 feet, and its surface was an absolute desert. The want
of food for the horses compelled M. Roborovsky soon to return

to Kara-sai. He soon made a second attempt at further explora-

tion, but, after having marched some 50 miles southwards on
the plateau, he was again compelled to return. During the

same time, M. Kozloff went across the border-ridge, follow-

ing for some 100 miles the Bastan-tigrak River. He passed by
Lake Dashi-kul and went up the river which flows into the lake

from the east, through a wild desert, 14,000 feet above the sea.

He also was soon compelled to return to Kara-sai. The next

attempt was made by all three explorers together, accompanied
by four Russians and a few natives. They went up the Aksu

River, and soon were on a plateau, 15,000 feet high and almost

quite devoid of vegetation. Terrible snow-storms were raging
in the first days of July. The only mammals seen were two ante-

lope?, and the only bird met with was a lark. Finding no food

for the horses, the Expedition had nothing to do but to return to

Kara-sai. Thence they started for Tchertchen, and at Atchan

they were rejoined by M. Bogdanovitch, who had explored in

the meantime the geological structure of the two passes of Saryk-
tuz and Aksu. After a short stay at Mandalyk, where good
grazing-grounds were found, and the horses recovered, the Expe-
dition crossed again the Kuen-lun via the Muzluk Pass (15,500
feet high), and after having crossed it they divided into two

parties, one of which, under M. Roborovsky, went south-east, and
the other, under General Pevtsoff", moved southwards, up the little

River Uluk-su, which is the source of the Tchertchen-daria.

They soon came to an immense chalky mountain ridge, which

rose to about 20,000 feet in the south, while a wide valley
stretched south-westwards between that ridge and the Kuen-lun.

The party stopped at the foot of this ridge, at a small lake,

Yamil-kul. From some natives who were engaged in gold-

mining in a gorge of the ridge, they learned that its name is Akka-

tai, and that its summits are covered with perpetual snow. The
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party did not proceed further, and from Yamil-kul they returned
to Mandalyk, and thence began their journey toLob-nor, which

journey took no less than one ir.onth. From Lob-nor the

Expedition went up the Yarkend-daria, visiting on the way the

great settlement of Kurla (4000 inhabitants), the fort of
Karashar (10,800 inhabitants in the fort and the oasis), and the
town Uruntchi, situated at the foot of the Tian-shan, and resi-

dence of the Governor-General of West China. On their way
to the Russian frontier the travellers visited also the oasis of

Sa-tsan, peopled by Chinese, and crossed the Malas River as well
as the desert Khatyn-ula. On January 15, 1891, they entered
the Russian post of Zaisan.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—The Rev. Andrew Clark, M. A., Fellow of Lincoln

College, has been elected by Congregation a Curator of the
Bodleian Library, in place of Prof. Max Midler, whose term of

office had expired.
The Provost of Oriel College has been re-elected a Delegate

of the University ^luseum.
Mr. F. Liddell, B. A. Christ Church, has been elected to a

Fellowship at All Souls' College. Mr. Liddell, who is a son of
the Dean of Christ Church, was placed in the first class by the

examiners in the Final Classical Schools. Mr. A. H. Hardinge,
M.A., formerly Fellow of All Souls' College, has been elected

to a Fellowship under Statute 3, Clause 10, of the College
Statutes.

There was no candidate for election to the Burdett-Coutts

Scholarships. The scholarships are of the annual value
of about £l\Sy tenable for two years, for the promotion
of the study of geology, and of natural science bearing on

geology. This is the fifth occasion since the foundation of

the scholarships that there has been either no candidate or no
election.

In consequence of the requirements of the Civil Service Com-
missioners for the limited competition for assistantships in the

Royal Observatory, Greenwich, the Savilian Professor of Astro-

nomy has offered a short course of lectures on Newton's
"

Principia." The study of Newton has been practically abo-

lished from the requirements of the Oxford Mathematical Schools
for some time past.
A studentship, provided out of the funds of the Newton Testi-

monial Fund, having been offered to the University by the

Managing Committee of the British School at Athens, the

Craven Committee will proceed to make the appointment in the

course of the present term. The studentship is of the value of

;^50, and is tenable for one year. The holder will be required to

reside at Athens for not less than three months during the

ensuing winter and spring. Candidates should apply to the

Secretary of the Board of Faculties, Clarendon Buildings.

Cambridge.—The first award of the Isaac Newton Student-

ship in Astronomy and Physical Optics has been made to

Ralph Allen Sampson, B. A., Fellow of St. John's College,

Cambridge.
Prof. Thomson, F. R.S., has been elected Chairman of

Examiners for Part II. of the Mathematical Tripo'.
The vacancy of the office of Superintendent of the Museum

of Zoology will take place on January i, 1892. The stipend is

;i^200. Applications are to be sent to Prof. Newton before

November 19.

The State Medicine Syndicate report that this year there were

64 candidates for the Diploma in Public Health, of whom 45
were successful. They propose, on account of the large number
of candidates, to hold a second examination in the first week of

April 1892. The Syndicate have resolved to transfer to the

University a sum of ^150 from their accumulated funds.

* SCIENTIFIC SERIALS.
AmericanJournal of Mathematics, vol. xiv. No. i (Baltimore,

Johns Hopkins Press).
—This number, which contains an ex-

cellent likeness and autograph of Prof. Klein, opens with articles

by Goursat,
" Sur une probleme relatif a la deformation des

surfaces," and by Appell, "Sur une expression nouvelle des

fonciions elliptiques par le quotient de deux series."—Major

MacMahon, F.R. S., contributes a fourth memoir on a new



46 NATURE [November 12, 1891

theory of symmetric functions. The author has extended the

subject of these memoirs in a paper with the title
" Memoir on

symmetric functions of the roots of systems of equations
"

in

the Philosophical Transactions, A, (1890).—The next paper, by
C. P. Steinmetz, was read before the New York Mathematical

Society, and is entitled
" Multivalent and univalent involutory

correspondences in a plane determined by a net of curves of «th

order."—The following note, also read before the same Society,

is on the algebraic proof of a certain series. It supplies a
"
temporary lack," which was regretted by^ the author, E.

McClintock, in a memoir which will be found in vol. ii. p. 108,

The same writer furnishes another addition to the memoir just

referred to (vol. ii.), on independent definitions of the func-

tions log X and e".—H. B. Newson writes on a pair of curves

of the fourth degree, and their application in the theory of

quadrics ; and H. P. Manning finishes this instalment with a

note on linear transformation, which was suggested by a method

employed by Prof. Cayley, F.R.S., in vol. v. of the Amer.

Journal.

The articles in the numbers of the yoiirnal of Botany for

October and November are mostly of interest to specialists in

local floras. Mr. A. Fryer describes and figures a new Eng-
lish Poiamogeton (or, rather, hybrid). Mr. T. H. Bufifham

describes and figures the hitherto unknown plurilocular sporanges
in two sea-weeds, Asperococcus btillosus and Myrioirichia clavcs-

formis. Mr. F. N. Williams contributes a synopsis of the

I)rimary characters in the species of Rheum.

The last number received of the Botanical Magazine published
at Tokyo, Japan (for June), contains an interesting article,

illustrated, on a new Japanese Prasiola, P. japonica, by Dr. R.

Yatabe, which, the author states, is collected in large quantities
in the districts where it grows, and is sold as an article of food

under different names in different localities. It is eaten either

slightly broiled or with vinegar, the mode of preparation being
very similar to that of the ordinary purple and green lavers.

Other articles in the same number are on the reproduction of

Laminariajaponica ; on a recent problem in vegetable physio-

logy (apparently the greatly discussed question of the direct

absorption of nitrogen from the air by plants) ; and on the

colours and scents of flowers ; but as all these are unfortunately
in Japanese, they are inaccessible to the English reader.

The number of the Nuovo Giornale Botanico Italiano for

October is chiefly occupied with the^;Proceedings of the Italian

Botanical Society. The attention of Italian botanists is still

directed to the interesting phenomena connected with the pol-
lination of the Aroideje : Signor Caleri has a paper on the

flowering of Arum Dioscoridis, and Prof. Arcangeli one on the

fertilizers of Helicodiceros muscivoriis. He is unable to discover

any evidence that the latter plant is really carnivorous.—Signor
Martelli discusses a vine-disease which has lately appeared in

the neighbourhood of Florence, and which he identifies with
the " black rot

"
of the American grape, caused by a Pyreno-

mycetous fungus, Physalospora Bidwelli.

SOCIETIES AND ACADEMIES.
London.

-. Entomological Society, October 7.—Dr. D. Sharp, F.R.S.,
Vice-President, in the chair. — The Chairman referred to

the death, on September 14 last, of Mr. E. W. Janson, who
had been a member of the Society since 1843, ^"^ who had
i irmerly filled the offices of secretary and librarian respectively.—The Rev. Dr. Walker exhibited a long series of several

species of Erebia, and of Argynnis pales, which he had recently

captured near Roldal, in Norway.—Mr. W. L. Distant ex-

hibited specimens of Danais chrysippus, with its two varietal

forms, alcippus, Cram., zxiddorippus, Klug., all which he found

together in the Pretoria district of the Transvaal. Mr. Jenner
Weir and Colonel Swinhoe took part in the discussion which
ensued as to these forms and their distribution.—The Rev. W.
F. Johnson sent for exhibition specimens of Velta currens from

stagnant water near Armagh ; also a specimen of Nabis limbatus,
killed whilst holding on to its prey, a very hard species of

Ichneumon. Mr. Saunders thought that, from the nature of the

Ichneumon, the only chance the Nabis had of reaching its in-

ternal juices would be through the anal opening, as recorded by
Mr. E. A. 'B\i.\\eTm ^simWzxczse, inihtEntomologisfs Monthly
Magazine, October 1891.

—Mr. F. P. Pascoe exhibited two British
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species of Diptera, unnamed. He said they had been submitted
to Mr. R. H. Meade, but were unknown to him, and are prob-
ably new to the British list.—Mr. R. Adkin exhibited two
specimens of a supposed new species of Tortrix

( Tortrix donc-

lana, Carpenter), bred from larvae found on pine-trees at Tuam.
Mr. C. G. Barrett said he examined the specimens with great
care, but he did not consider that they belonged to a new
species. He was unable to distinguish them from Tortrix
vibtirnana.—M. A. Wailly exhibited preserved larvae, in

various stages, of atheroma regalis, which he had bred from
ova received from Iowa, United States. He said that the
natives called this larva the Hickory Horned Devil, and that 1 he

specimens exhibited were the first that had been bred in this

country. M. Wailly further exhibited three female specimens
of Anthercea yama-mai bred from cocoons received from Japan ;

also a nest of cocoons of Bombyx radama, received from the
west coast of Madagascar. Prof. J. B. Smith, of the United States,
and Colonel Swinhoe took part in a discussion on the habiis
of the larvae of atheroma regalis, and as to the period at which

they dropped their spines prior to pupating.— Dr. Sharp ex-

hibited several specimens of a weevil, Ectopsis fen-iigalis, the
ends of the elytra of which bore a close resemblance to the section
of a twig cut with a sharp knife. He said he had received the

specimens from Mr. G. V. Hudson, of Wellington, New Zealand,
who stated that they were found resting in large numbers on
dead trunks and branches of Panax arborea in the forests.—Mr.
G. C. Champion stated that the species of Forficulidtv, captured
by Mr. J. J. Walker, R.N., in Tasmania, and exhibited by
himself at the meeting of the Society in April last, was, he

believed, referable to Anisolabis tasmanica, Bormans, described
in the Comptes rendus of the Ent. Soc. Belgique, 1880.—The
Rev. A. E. Eaton made some remarks on the synonymy of the

PsychodidcB, and stated that, since August 1890, he had identi-

fied all of the British species in Mr. Verrall's list, except
Sycorax silacea.—Mr. Gervase F. Mathew, R.N., communicated
a paper entitled "The Effect of Change of Climate upon the

emergence of certain species of Lepidoptera." A discussion

followed, in which Mr. Stainton, F.R.S., Mr. Barrett Dr.

Sharp, F.R.S., and Mr. McLachlan, F.R.S., took part.

Royal Microscopical Society, October 21.—Dr. R.
Braithwaite, President, in the chair.—The President said that
the pleasure with which he met the Fellows after the vacation
was very sadly marred by the death of one of their Secretaries,
Mr. John Mayall, Jun. The loss they had sustained was one
which the Society could hardly hope to replace, because per-
haps there was no living person who knew more about the

microscope and its applications than their deceased friend Mr.

Mayall. The difficulty in which they were placed had, however,
for the present been met by the kindness of Dr. Dallinger, who
had undertaken to fill up the vacant place until the end of the
current session.—Mr. A. D. Michael proposed, and Mr, T. H.
Powell seconded, that a special vote of thani-,s be given to Dr.

Dallinger for his kindness in accepting the office of Secretary,
The vote of thanks was carried by acclamation.—Mr. F.

Chapman read his paper on the Foraminifera of the Gault.—
Sir Walter J. Sendall exhibited and described a new apparatus
which he had devised for making accurate measurements with
the camera lucida, the inherent faults of which were explained
by drawings on the blackboard. Mr. E. M. Nelson said there

could be no doubt that camera lucida measurements when
made in the ordinary way as described were grossly incorrect,
and that the apparatus that had been devised was most ingenious
and thoroughly scientific in principle. He thought, however,
that there was a much simpler method of obtaining measure-
ments by projecting the image for a distance of 5 feet

;
the curve

would with so large a radius be practically reduced to a straight
line. The camera lucida and neutral tint reflector were

only rough-and-ready means, and useful only for ready reference
;

where correctness was of importance, the eye-piece micrometer
would best meet the requirements; the ruling of eye-piece
micrometers was now done so perfectly that it was possible to

arrive at measurements even as small as 1/500,000 of an inch
with far greater accuracy than could be attained with any
machine. Dr, W. H. Dallinger thought there could be no
doubt of the value of the apparatus within certain limits, but it

would require great care for use with high powers, partly on
account of its weight if made in brass, as the specimen Ijcfore

them ; perhaps it might be made in aluminium or some other

light material. The discussion w as continued by Messrs. A. D.

Michael, C. Beck, and Sir Walter J. Sendall.—Mr. W. 1.
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Chadwick described the Leach lantern microscope as follows.

The microscope can be applied to any oxy-hydrogen lantern.

It is screwed on the front in place of the ordinary lantern ob-

jective, the size of flange required being 2| inches ; when the

lantern objective flange is larger than this, an adaptor must

be provided ; and when the draw-tube of the lantern is

"ricketty," a rigid lengthening tube may be adapted. The
lantern condenser should be about 4 inches or 4J inches in

diameter, and of the triple form. The stage of the microscope is

open at both sides, and at the top also, and serves for all classes

of objects, whether ordinary microscopic slides or polariscope

crystals, shown with either narrow angle rays or by the convergent

system of lenses. The stage being so constructed, it is extremely
accessible for the introduction of sub-condensers, with which the

instrument is provided. The object-holder is quite a novel idea, the

principal mechanism of it is placed under the stage (to be out of

the way) ;
two arms passing through slots in the bottom of the

stage, actuated by a spring and manipulated by a milled head,
serve to hold the objects flat against the inside surface of the

front of the stage. The diaphragm, or compound wheel of

diaphragms, is rotative on a pivot attached to the plate arm in

such a manner that the whole may be raised out of the field

altogether, and dropped into it again, in an instant
; when the

wheel is raised, a spring catch holds it in position. When in

this position the whole field of the microscope can be utilized

for showing objects up to i^ inches in diameter. When,
as in using polarized light, it is desired not to be incom-

moded with the diaphragms, the detachable plate carrying the

compound wheel can be instantly removed from the stage, and
when again required it can be as quickly restored. The arms
of the object-holder projecting through the bottom of the stage
have sufficient lateral movement to adrr.it any zoophyte trough or

wooden frame or combination of wooden frames up to I inch in

thickness. Thus the advantages of this arrangement are clearly
manifest. The two sub-condensers with which the instrument

is provided are found to give satisfaction with all objectives of

from 2.\ to x^jj inch focus. When the light has been properly
concentrated, high powers can be used. It should also be
observed that when high powers are used the front lens of the

objective is open to the view of the manipulator, a great con-

venience when inserting the object, by enabling it to be imme-

diately adjusted within the area of the leas. When polarized light
is to be used, the polarizing prism must be pushed into the rotating
lube of the instrument by removing the concave lens at the back,
and after inserting the prism this concave lens may be replaced
in an instant. The rotating tube is an advantage over fixed

tubes, as the polarizing prism can by this arrangement be placed
in any desired azimuth which best suits the object. The con-

vergent system of lenses for use with polarized light in transmit-

ting rays through biaxial crystals was worked out by Mr. Leach.
It gives powerful illuminations, and includes an angle of 170°.
The front focussing arrangement was introduced by Mr. Leach
in 1883. Before that time several supplementary lenses had to

be kept in readiness for use, as different classes of crystals were

placed in the polariscope. Mr. Leach discovered how these

supplementary lenses might be dispensed with, and fitted up his

system accordingly ; and now all makers of first-class polariscopes
attach to th«ir instruments this great improvement. The con-
cave field lens, with which the instrument is provided, is abso-

lutely necessary vhen the polarizing prism is in use. With
all powers it enlarg<;5 the field, and equalizes the distribution of
illumination. The three objective adaptors with which the instru-

ment is provided admit of any microscope power with the
standard screw

; they are made to slide in the front tube of the

microscope, which is provided with a rack and pinion, and also
with a fine screw movement. Thus, by having the various powers
already screwed into the adaptors, one may be changed for
another almost instantaneously. And into the front or tube

portion of these adaptors the tube of the amplifier is made to
slide. The amplifier which is provided is a Barlow lens, and
being achromatic, it enhances the aplanatic qualities of the

objective. It has been asserted "that high power cannot be
used in the lantern microscope ; that it is unable to exhibit fine

detail upon the screen, and that no alum trough is required."No doubt this is all true so far as applied to inefficient instru-
ments. But the Leach

microscope does require an alum trough,
because where great light is concentrated from the oxy-hydrogen
luminant, great heat must, from the very nature of the means
employed, be concentrated with

it, and the alum trough is the

only practical thing which can be used to absorb the heat rav-.
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The alum trough is of large size, and is used in the ordinary
slide stage of the lantern. At the conclusion of the paper,
Messrs. Chadwick and Leach gave a demonstration with common
and polarized light.

CAMBRfDGE.

Philosophical Society, October 26.—Prof. G. H. Darwin,
President, in the chair.—The officers for the ensuing session
were elected as follows :

—President : Prof. G. H. Darwin.
Vice-Presidents : Prof. Hughes, Prof. Thomson, Mr. J. w!
Clark. Treasurer : Mr. R. T. Qazebrook. Secretaries : Mr.
J. Larmor, Mr. S. F. Harmer, Mr, E. W. Hobson. New
Members of Council : Mr. H. F. Newall, Mr. C. T. Heycock,
Mr. A. E. H. Love.—The following communications were
made to the Society :

—On the absorption of energy by the

secondary of a transformer, by Frof. Thomson.—On an experi-
ment of Sir Humphry Davy's, ty Mr. G, F. C. Searle. Two
copper wires are passed up through holes about 5 centimetres

apart in the bottom of a flat trough, their ends being level with
the surface of the trough. Mercury is then poured into the

trough to a depth of about 4 milimetres. On sending a powerful
current through the mercury by means of the two wires the

mercury in the immediate neighbourhood of the electrodes was
elevated into a small cone 2 or 3 millimetres in height.

—Some
notes on Clark's cells, by Mr. \. T. Glazebrook and Mr. S.
Skinner. In addition to the caises of variation indicated by
Lord Rayleigh, the authors find that the state of amalgamation
of the zinc pole may cause a fal in force if the zinc does not
show a bright surface. This is worked out by means of a testing
cell into which the faulty zincs a-e transplanted. The result is

confirmed by Swinburne's experiments on zinc rods in zinc

sulphate solution. To correct th\s fault previous amalgamation
in the presence of dilute sulphuric acid is recommended, or
immersion of the zinc in the paste. Dr. Hopkinson's method
of testing cells by tapping was shown.—Illustrations of a
method of measuring ionic velocities, by Mr. W. C. D.
Whetham.—On gold-tin alloys, by Mr. A. P. Laurie.

Paeis.

Academy of Sciences, November 2.—M. Duchartre in the

chair.—On aberration, by M. Miscart.—Note on Mont Blanc

Observatory, by M. J. Janssen. This is a brief report of the

attempt to reach the rock throv^h the snow on the summit of
Mont Blanc, in order to obtain a foundation for a proposed
Observatory. In spite of circumiances which rendered the pro-

posed building impossible, M. Janssen believed that an edifice

of some kind resting on the snow would permit the necessary
observations to be carried on, and had one constructed accord-

ing to his ideas. No displacement of the erection occurred

during the twenty days previous to M. Janssen's departure from

the summit of the mountain. The construction of a similar

but more important building is therefore contemplated for next

year.
—Note by M. Armand Gautier, accompanying the presenta-

tion of his work on *'
Biological Chemistry."

—On the Arago
Laboratory, by M. de Lacaze-Duthiers.— Contribution to the

natural history of the truffle : parallelism between the Terfaz or

Kama ( Terfezia, Tirmania) of Africa and Asia and the truffles

of Europe, by M. A. Chatin. In the comparison the points
considered are geographical distribution, climate, soil, nutritious

plants, periods of ripening, depth in soil, and numerous other

characteristics.—An excursion in the Rocky Mountains, by M.
Albert Gaudry. At the end of the recent Geological Congress
at Washington a party was organized to visit the Rocky Moun-

tains. An account is given of some of the objects of geological

interest observed by the excursionists.—Note on the storm that

visited Martinique on August 18, 1891 (an extract from the

American Journal of Meteorology), by M. Faye.
—Researches

on butylene monobromides, by M. E. Reboul. There are three

butylene monobromides known besides the isobutylene of

Boutlerow. The author describes the preparation and proper-

ties of one of these, to which he assigns the constitution CH3—
CHj—CBr— CH2. He proposes to term it ethyl-acetylene

o-hydrobromide.
—Observations of two new asteroids discovered

at Nice Observatory on September 24 and October 8, 1891, by

M. Charlois. Observations of position are given.
—On the

dimensions and form of the section of a stream [veine) of gas

under limited counter-pressure during a limited delivery, by M.

Parenty. On a model of a luminous fountain, by M. G.

Trouve.—On the direct combinations of metals with chlorine

and bromine, by MM. Henri Gautier and Georges Charpy.
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With the exception of aluminium, most of the metals are hardly

attacked by dry chlorine and bromine at the ordinary tempera-

ture \luminium, however, is acted on very energetically by

liquid chlorine and bromine, whilst magnesium particularly

resists the action. The reactions are very slow when the dry

halogens are used. When water is present the acaon becomes

more rapid, hydrogen being generally liberated owing to Us

decomposition, but in some :ases the water remains unaltered.

-Contribution to the chemico-physical study of the function

of the kidney, by M. C. Chibrie.-On the chronology of the

eruptive rocks of Jersey, by M. A- de Lapparent.-New geo-

logical observations of the Island of Sardinia, by M Charles

de Stefani -New considerations on the Vertebrate fauna ot

the Upper Miocene in the Isle of Samos, by M. Forsyth

Major.—The gravels of Montfort, by M. Ed. Piette.

BEta^iN.

Physiological Society, October i6.—Prof, du Bois-Rey-

mond. President, in the chair,-Dr. Liideritz gave an account of

an investigation of the changes of blood-pressure in the lelt

ventricle and right carotid whidi result from gradual compres-

sion of the aorta.—The Presideit exhibited three very successful

photographs of the posterior (retinal) surface of the eye.—Doctor

Wertheim recorded the disappearance of the indirect image of

an illuminated disk when the object itself, as seen directly, is

suddenly darkened.—Dr. Lilienfeld gave an account of a

chemical examination of blood-olatelets, which showed that they

consist of a compound of albuirin and nuclein, whose behaviour

speaks against their being preformed structures.

Physical Society, October 23.—Prof, du Bois-Reymond,

President, in the chair.—The Society resolved to present to

Prof, von Ilelmholtz, on November 2, in celebration of his

seventieth birthday, an address prepared by Prof, von Bezold.

—Messrs. Haensch described a modification which they had

made in a spectrophotometer.—Dr. Rubens gave an account of

anew method of determining aispersion and refraction in the

ultra-violet rays, a method which, unlike that employed by

Langley, yields more accurate results by very simple means.

He has already made determinations with a series of glasses,

with water and with carbon biailphide. The curve of dispersion

he finds to be, on the whole, the same as that obtained by

Langley for rock-salt.— Prof. Preyer enunciated his hypothesis as

to the genealogy of the chemical elements.

Amsterdam.

Royal Academy of Sciences, September 26.—Prof, van

de Sande Bakhuysen in the chair.—Prof. Franchimont showed

a little bottle filled with a new chemical compound, obtained

and examined by Dr. C. A. Lobry de Bruyn. This hydroxyl-
amine is a crystalline matter without colour and smell. It is

prepared by the action of natrium-methylate on the methyl-
alcoholic solution of the compound of hydroxylamine and HCl,
and by distillating and fractionating the result in vacuo. The

specimen is pure to 99*6 per cent; it melts at 3l°'5. and
distillates under a pressure of 35 mm. between 63°"5 and 65°'5.—Mr. Behrens spoke of the microscopic structure of hard steel.

If high microscopic powers are used, the network in hardened
steel may be made visible on polished slices without etching or

annealing. The dark sinuous lines answering to the bright
ones shown by Sorby and Wedding on etched slices, it is

proved that hardened steel contains hard granules bound up in

a matrix of soft iron. Some varieties of grey iron from small

castings may be hardened like steel, most of the graphite dis-

appearing. After annealing the hardened metal at a red heat,

the slices were dotted with blackish dust, which formed circles

round the globules of the crystallites and little heaps in the

midst of them. It is to be presumed that graphite has re-

appeared in the course of the annealing. Full details will

speedily be given in the Recueil des travaux chimiques dcs

Pays-Bas.
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THURSDAY, NOVEMBER 19, 1891.

SCOTCH FISHERIES.

The Ninth Annual Report of the Fishery Board for
Scotland: being for the Year 1890. (Edinburgh:
Printed for Her Majesty's Stationery Office by
Neil and Co., 1891.)

THIS,
like the three preceding Reports, is published

in three parts: I. General Report; II. Report on

Salmon Fisheries; III. Scientific Investigations.

The first part deals with such matters as the statistics

relating to fish landed and cured, Crown brands, number
of boats and men fishing, an account of the services

rendered by the various vessels employed in marine

police and fishery superintendence ; and generally,

reports on all business matters connected with this

section of the Board's work. The Shetland herring

fishing seems to have been particularly successful, and

to have attracted the usual number of English and Irish

boats, but the reports as to the number of Scotch boats

employed in this and long-line fishing tend to show that

there is a gradual decrease ; that the fishing does not

now seem to hold out such attractions to the rising

generation as it once did ; that probably over-competi-
tion is telling upon this as well as other industries.

Thi chief article in the second part is the annual

report of Mr. Archibald Young, Inspector of Salmon
Fisheries for Scotland. It contains an account of the

fishings in the various rivers and lochs, with answers to

queries from district boards and local fishing authorities.

The question of the advisability of having a close-time

for trout is only casually mentioned ;
and we cannot but

think that the Board would do well if, with all the facili-

ties at its command, it paid more careful attention to

such matters as the life-history and habits of the salmon.

Many points of great interest and usefulness have still to

be settled : for instance, we see no attempt to distinguish

between the different "runs" offish in the various rivers,

their spawning periods, and subsequent movements. We
are not told whether, in the case of the salmon hatcheries,

any attention has been paid to the spawning of spring

run fish—probably a point of great importance in early

rivers. Might the Board not collect and publish much
valuable information as to the best means of keeping up
a steady supply of Salmonidae, by looking at the question
a little more with the interest of the naturalist and

sportsman ? A great deal of information is yet required
as to late and early spawning, migratory movements of

the young, rate of growth in the sea, food, &c. To carry
out some of these inquiries might possibly require more

legal power than the Board possesses, but that the

Fishery Board is in a more favourable position than

other fishery authorities will be generally admitted.

These excellent reports as to the state of the salmon

fishings should be used more as a means for improving
that state than as the finished results of a year's

inspection.

The third or scientific section of the Report is a

volume of nearly 430 pages. The word scientific has,

with the Fishery Board, a significance of its own : it
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covers a multitude of subjects, but is on the whole a

convenient title. Part III. is subdivided into four sec-

tions. In the first (A.), after detailed tabulated results of

the work done by means of the cruiser Garland, &c.,

there are one or two papers deserving of special mention.

A paper by Dr. Fullarton,
" On the Suitabihty of Scot-

tish Waters for Oyster Culture," is an exhaustive account

of an expedition made by him to a great number of lochs

on the west coast, and shows clearly that some of these

lochs formerly produced an abundance of oysters, and
have had, within recent years, an abundant fall of spat on

their spawning beds. A table of temperatures and densities

is also given, v/hich is valuable, but would certainly have

been much more so if the temperature readings had been

given in the common Fahrenheit instead of the Centi-

grade scale. The next paper is by the Secretary for

Scientific Investigations, Dr. T. Wemyss Fulton, on
" The Capture and Destruction of Immature Sea Fish."

The two most important parts of this paper deal with

the vitality of trawled fish, and the numbers of immature

fish taken by shrimpers. It is the first attempt ever

made to collect accurate data as to the proportion of

living and dead fish brought up in a trawl net worked

upon a certain kind of bottom for a certain length of

time. The information regarding the number of im-

mature fish taken by shrimpers has been collected in the

Solway Firth and on the Lancashire coast. The results

cannot but be surprising to very many. Taking the

Solway alone. Dr. Fulton's totals show that, in one year,

a single boat captures over 110,000 immature plaice. It

is gratifying to learn that in this district the fishermen

are, for once, provident, and return to the sea all these

little fishes, for the sum-total of all immature fish landed

in the year, comes to about 3,653,000. Dr. Fulton finds

that, owing to the short time the shrimp trawl remains at

the bottom—a sandy bottom—none of the young fish die.

This contradicts a statement very generally made by
those who denounce the system of fishing with beam

trawl, and also is exactly the reverse of the finding of

MM. Giard and Roussin in their report on this subject

to the French Minister of Marine—a report founded,

however, not on experimental observation, as Dr.

Fulton does not fail to point out. These observations

further seem to show that very young fish caught in

a shrimp trawl are much more tenacious of life than

older fish taken in a large net of similar construction,

and under similar conditions. This point, we think, is

of some importance, and has not been sufficiently taken

notice of. It bears on the question of size of mesh and

destruction of small fish taken.

The biological section opens with a long paper,
" On

the Food of Fishes," by W. Ramsay Smith, B.Sc, and,

following this, another paper by Dr. Wemyss Fulton, on
" The Comparative Fecundity of Sea Fishes." In this

paper the author first deals with the proportional weight

of the ova compared to the rest of the body. This naturally

leads him into the somewhat complicated subject of the

proportion of eggs ripe at the spawning-time of certain

fishes which do not shed their spawn en jnasse. He finds

that in such cases it would often be an impossibility for

the body of the fish to contain all the eggs it naturally

produces in an enlarged and ripe condition. Taking

D
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the instance of a plaice, it is shown that, if all its ova

were ripe at once, the mass of eggs would them-

selves weigh a pound and a half heavier than the body
of the fish without the ovaries.

Fish with demersal ova are distinguished from fish

with pelagic ova, and tables are constructed which show

the ratio of the weight of the ova present at one time, to

the weight of the rest of the fish taken at looo. The
final results are given in the form of mean ratios. Dr.

Fulton then goes on to draw three conclusions from his

data. First, he says, it appears
"
to explain the majority

of cases in which the females of a species are in excess

of the males." What precisely explains this we are quite

at a loss to see, and we cannot imagine an explanation

which has not in it either a statement regarding the pre-

ponderance of the female element in the early nuclear

plasma of the eggs, or an account of a wholesale destruction

of males. The second point is the generally greater size of

the female, and the third,
" not merely the gradual growth

of ova to replace mature ova shed during a prolonged

spawning period, but the more or less sudden increase of

bulk, which occurs in the ovum shortly prior to its ex-

trusion." The second point seems to us to be like the

first in requiring a more complete explanation ;
the third

to be the clearest point advanced. The remainder of the

paper is taken up with detailed statements, treating the

fish according to their classification.

Among the papers following we have examples of Mr.

Scott's conscientious systematic work in his second paper
on " The Invertebrate Fauna of the Inland Waters of

Scotland," and " Additions to the Fauna of the Firth of

Forth."

Dr. Fullarton contributes a paper on "The Develop-
ment of the Plaice—Preliminary Report." There are a

number of excellent figures, but as there seems to be

little that is new in the text, we do not give it further

mention.

Prof Mcintosh adds to his already long list of observa-

tions
" On the Life-Histories and Development of the

Food and other Fishes." Interesting forms, such as a

hybrid brill, lesser weaver, and sand-eel, are dealt with

as well as several unknown eggs and a curious unknown

post-larval form.

Prof. Prince, so often associated with Prof Mcintosh,
follows with " Notes on the Development of the Angler
Fish (Lophius)."

In his statement that "hitherto no British observer has

secured the ova," he has overlooked the fact that, in some

previous notes by one of the naturalists to the Fishery

Board, the procuring of a mass of ova was recorded.

This, of course, in no way detracts from the interest of

Prof. Prince's valuable paper.
The biological section closes with a note on " A Case

of Hermaphroditism in a Haddock," by W. Ramsay
Smith. Both ovary and testis appeared perfectly normal,
and were removed from a fish i8 inches long, and 3 pounds
in weight.
The physical investigations of the Board are dealt with

by Dr. Mill in Section C.
;
and a review of the contem-

porary scientific fishery investigations, by Dr. Wemyss
Fulton, forming a fourth section, brings the Report to a

close.
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THE MAMMALS OF INDIA.

Catalogue ofMammalia in the Indian Museum^ Calcutta.

By W. L. Sclater, M.A., F.Z.S., Deputy Superin-
tendent of the Indian Museum. Part II. (Calcutta:
Printed by order of the Trustees of the Indian

Museum, 1891.)

THE Indian Museum at Calcutta is rich in Mammals.
Not only are those of our Eastern possessions well

illustrated, but it possesses also a good general series

from other parts of the world. The collection has, more-

over, the advantage of being well catalogued. In 1863,

the late very zealous and acute zoologist, Edward Blyth,.

published a catalogue of the specimens contained in the

Museum of the Asiatic Society of Bengal. This Museum,
when transferred to the Government of India, formed the

nucleus of the present Indian Museum. The 1330

specimens mentioned in that catalogue have now in-

creased to 4872, representing 590 species, of which 276
are found within our Indian Empire, and 314 are exotic.

Of this greatly augmented collection Dr. John Anderson

commenced a catalogue, and the first part, containing the

orders Primates, Prosimise, Chiroptera, and Insectivora,

was published in 1881. In consequence of Dr. Ander-

son's relinquishing his appointment as Superintendent of

the Museum, the work has remained in abeyance for

some years ;
but it has now been taken up and completed

by Mr. W. L. Sclater, the present Deputy Superintendent,,

and eldest son of the distinguished Secretary of the Zoo-

logical Society of London. This volume contains the

orders Rodentia, Ungulata, Proboscidea, Hyracoidea,

Carnivora, Cetacea, Sirenia, Marsupialia, and Monotre-

mata.

The Mammals of our Indian Empire have attracted the

attention of many well-qualified zoologists. Hodgson,

Blyth, Jerdon, Tickell, Horsfall, Elliot, Dobson, Ander-

son, and others, have contributed much to elucidate their

history, habits, and distribution. The work now being

published under the auspices of the Indian Government

by Mr. W. T. Blanford, the first part of which appeared in

1888 (see Nature, vol. xxxviii. p. 513), contains a valu-

able summary of all that is known upon the subject

up to the present time. Mr. Sclater's work is of a less

ambitious kind, professing to be only a catalogue of

the Mammalia contained in the Museum, not mention-

ing any other species. Such catalogues are not only

invaluable for working purposes in the institution itself,

but they have also a more extended area of useful-

ness, being often works of reference which no zoologist

investigating the group they treat of can dispense with.

In the present case there will be found under the head-

ing of every species much information as to its literature,

synonymy, and geographical distribution. As catalogues

naturally deal largely with names, the selection of those

which accord best with a common-sense interpretation

of the rules of zoological nomenclature is a matter of

primary importance, and in this respect Mr. Sclater

appears to have shown upon the whole great judgment,

having been careful to avoid unnecessary alterations in

generally accepted names, either such as are caused by

splitting genera, or by reviving obsolete, long-forgotten, or

never received specific appellations. Although no de-
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tailed specific descriptions are attempted, the work is

rendered more useful than a mere list would be, by the

introduction of keys, by means of which all the Indian

species can be discriminated. There are also some
critical remarks upon disputed questions of specific dis-

tinction, which the lar^je series of specimens at the

au'hor's disposal has enabled him to throw light upon,
such as the identity of Ovis poll of the Pamir and the

so-called Ovis karelini of the Thian Shan. Under the

heading Elephas indicies, we note that Mr. Sclater refers

to Schlegel's having pointed out in a well-known memoir

(of which a translation appeared in the Natural History

Review, vol. ii., 1862) certain distinctions between the

true Indian elephant and that inhabiting the islands of

Ceylon and Sumatra {Elephas sumatranus, Schlegel), and

he repeats the characters assigned to the two supposed

species or varieties. Although no fresh evidence is

brought forward in favour of Schlegel's views, it is not

likely that Mr. Sclater would, without good reasons, reject

Dr. Falconer's elaborate refutation of them, published in

the succeeding volume of the same Review. Dr. Falconer

was such a great authority on elephants, and his argu-
ments for the specific unity of the Asiatic forms have been

so generally held to be sound, that Schlegel's two species

can only be rehabilitated by a careful comparison of a

considerable series of specimens undoubtedly natives of

both localities. Perhaps Mr. Sclater may have an oppor-

tunity of doing this while in the East, and thus definitely

settle a question of considerable zoological interest.

W. H. F.

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY
AND PATHOLOGY.

A Text-hook of Chemical Physiology and Pathology. By
W. D. Halliburton, M.D., B.Sc, M.R.C.P. (London:

Longmans, Green, and Co., 1891.)

IN
spite of the fact that several standard works on

the subject of physiological chemistry exist, both in

German and English, the need has nevertheless been

universally felt of one that should at the same time

present a review of the present condition of the subject
from an impartial standpoint, and give some account of

the methods of research employed.

Hoppe Seyle's works have been of immense service,

but sutTer from being onesided, and representing only
the views and methods of the Strassburg school. The

only work in English which promised to be universal in

its scope
—

namely, that by Gamgee—is unfortunately still

unfinished.

Prof. Halliburton, who is justly celebrated for his

work in all departments of physiological chemistry, has

attempted to fill this gap in our literature, and with a

large measure of success.

The first fifty pages of the book are taken up with an
account of the apparatus and analytical methods chiefly

employed in physiological chemical research. The only
fault we have to find with this part of the book is that there

is not enough of it. In a book intended as a guide to those

who would work practically at the subject one hundred

and fifty pages might well be devoted to these subjects,

seeing that so many workers boldly attack the chemical
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problems of physiology with scarcely any practical know-

ledge of chemical analytical methods.

The second part treats of the chemical constituents of

the organism, concluding with two chapters on fermenta-

tion and ptomaines, the chapters on the latter and on

proteids being especially good, and presenting an excellent

resume oi our present knowledge of these subjects.

The next section is taken up with an account of the

tissues and organs of the body. Here the author is

thoroughly at home, and can speak with the authority of

many years' practical work at the subject. It is rather

difficult, however, to see on what principle he includes

respiration in this part, especially as the subjects of

alimentation, excretion, and general metabolism have
each a part to themselves

; unless it be, that it is so

intimately connected with the physiology of the blood.

In this chapter a student might be led astray by seeing
the table of relations between the tension of the gases in

venous blood and of those in the alveolar air. The im-

portant thing to know is the tension of gases in arterial

blood
;
and by giving those in venous blood in juxta-

position to those in the alveolar air, the author glosses
over the difficulties presented by the question of gas

interchange in the lungs. In this connection, too, he
does not notice Bohr's important work on the subject

(interchange of gases in the lunt;s), although he gives a

full account of the Danish physiologist's researches on the

combination of haemoglobin with CO.,.

In the latter part of the book no reference is made
to Altmann's views on fat absorption, or to Ehrlich's sug-

gestive work on the oxidative processes taking place in

living tissues.

But a few errors of omission are inevitable in a work
of this size and scope, and Dr. Halliburton wins our

admiration for the completeness and correctness of his

book, which everywhere shows signs of the care with

which the proof-sheets have been revised and brought up
to date. The accounts of recent analytical methods and
work render it invaluable in a physiological laboratory,
and it will be repeatedly referred to by students who desire

more than a superficial knowledge of the subject. In

Germany it has already found favour with physiologists,
and is considered the best work on the subject. The
fact that it is being translated into German, under the

auspices of Prof. Kiihne, is of itself sufficient recom-
mendation for any work ; and there is no doubt that in its

new dress it will command as much success in Germany
as it has already commanded in England.

E. H. Starling.

OUR BOOK SHELF.
Praktisches Taschenbuch der Photographie. By Dr. E.

Vogel, Assistant in the Photochemical Laboratory of
the Technical High School of Berlin. (Berlin : Robert

Oppenheim, 1891.)

This is a small volume, of some 200 pages, but it is

full of useful information for working photographers,
whether amateurs or professionals. Under nine sec-

tions the author treats of all the subjects likely to be

required by the manipulator of the camera, from the

purchase of his apparatus onward through every detail

essential for successful work. The value of the book is

greatly enhanced by numerous illustrations, which are
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executed with that clearness and finish for which so many
Continental scientific works are justly to be commended.
To give an idea of its contents it will be sufficient to

mention the headings of the sections, viz. apparatus for

the negative process, photographic objectives, instan-

taneous shutters, portable cameras, equipment of the

dark room, general remarks on exposure, negative

processes, positive processes, cyanotype and similar

processes. The work, as its title implies, is purely

technical, and, as such, does not call for lengthened
notice in these columns, but for the particular object with

which it has been written it is admirably adapted, and

should find many readers in this country. We have

nothing which can be compared with it for conciseness

and completeness.

An Introduction to the Differential and Integral Cal-

culus. By T. Hugh Miller. (London : Percival and

Co., 1891.)

This small book contains a fair amount of the calculus

put together in a clear and readable form. It merely
touches the subject, but appears to contain enough to

meet the wants of a South Kensington examinee. "
It

assumes a knowledge of elementary algebra and trigono-

metry as far as the properties of plane triangles." The
student is supposed to be unacquainted with analytical

geometry, but as he is credited with a knowledge of the

exponential and binomial theorems, with " indeterminate

coefficients
" and a few other matters, it will be seen

that elementary includes a fair grasp of the two subjects
named. Six chapters are devoted to the elements, suc-

cessive differentiation, the theorems of Leibnitz, Taylor,
and Maclaurin, maxima and minima values of a function

of one variable, and the evaluation of indeterminate ex-

pressions ;
the remaining four chapters are devoted to

elementary integration, formulas of reduction, rational

fractions, and a few applications of the integral calculus.

We presume that the miscellaneous examples are taken
from South Kensington papers ;

those in the text are old

friends which figure in Todhunter's works. In the text,

the following slips occur : p. 4, 1. i5,fory(;i') read/'(;ir) ;

p. 18 (6), read^^""
; p. 37 (3), for -^— we get — ; p. 40

720 5

(3), ? (a
-
byia for the maximum

; p. 41, 1. 4up, for 2(2 + 3*^,

read 3^ + 2^
; p. 42 (i), read cos^ 6 and 3 iJ2,d'^li6 ; p. 62

(4), ? last connecting sign (read
-

) ; p. 71 (4), for tt read
TT^ ; p. 80 (24), in first place read {i+x^Y. In the

answers, we differ from the author in (i), (20), (74), and

(88). We prefer to work (84) from / {i+t^fdt, where t

stands for tan x.

Star Groups. By J. EUard Gore. (London : Crosby
Lockwood and Son, 1891.)

A KNOWLEDGE of the principal constellations visible in

our latitudes may be easily acquired from the thirty maps
and accompanying text contained in this work. All stars

down to the sixth magnitude are shown, and brief de-

scriptions given of the objects of interest in each constel-

lation. The maps are intended to be useful as an
introduction to larger atlases, and will doubtless serve
this purpose well

;
but a beginner unacquainted with the

motions of the heavenly bodies will hardly find in them
what he requires. G.

The Universal Atlas.

1891.)

(London : Cassell and Company,

This atlas is being issued in twenty-eight parts, including
the index, eight of which have already appeared. It con-

tains fifty-eight single page maps and thirty-two double

page, several illustrating physical geography. The maps
are well drawn and reproduced, and full of detail, whilst
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their large scale has enabled the names of all places of

any importance to be printed with perfect legibility. In

fact, all who require a good atlas, for reference or other-

wise, would do well to obtain this one. G.

La Transcaucasie et la Peninsule d'Apche'ron. Calouste

S. Gulbenkian. (Paris: Hachette et Cie., 1891.)

This is a very pleasant book of travels, well worthy of

the attention of all who for any reason take interest in the

Caucasus. The author has no very stirring adventures to

tell us of, but he presents lucid and attractive descriptions
of the towns and districts through which he passed, and
of the manners and customs of the inhabitants. Especially

good are the chapters he has devoted to the petroleum

industry
—

chapters which have already appeared in the

Revue des Deux Mondes. He gives also a very interest-

ing account of Oriental carpets, the manufacture ofwhich

plays so great a part in the Caucasus.

How to Organize a Cruise on the Broads. By E. R.

Suffling. (London: Jarrold and Sons, 1 891.)

In preparing this little book, the author did not attempt
to provide a guide to the Broads. He intended the

volume to serve merely as a supplement or appendix to

the various guides already accessible. A cruise on the

Broads is heartily enjoyed by everyone who tries it under

tolerably favourable conditions, and certainly not least by
students of natural history. Anyone who may think of

making the experiment will find in Mr. Suffling's pages
all the information that is really necessary for the forma-

tion of suitable plans. In one chapter he presents a brief

and interesting diary of what may be looked for at the

Broads during the various months of the year.

LETTERS TO THE EDITOR.

\The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of J^ArVRY,.

No notice is taken of anonymous communications. ]

A Difficulty in Weismannism.

I HAD intended to accept Prof. Hartog's challenge, and say a

few words on this subject at an earlier date, but absence from

home and many engagements have interfered until now.

In some respects it would have been more convenient to defer

such a discussion until Weismann's last essay,
"
Amphimixis,"

has become more widely known, or even until the appearance
of his complete and detailed work, which is expected some time

next year. Prof. Weismann tells me that the points raised by
Prof. Hartog are considered in this treatise, and, such being
the case, he is unwilling to tax his already over-strained eye-

sight with any earlier reply.
As the question has been raised, I will briefly speak of the

manner in which I have tried to see my way through such diffi-

culties. I do not, however, wish to involve anyone else in the

responsibility for the attempt, which is no doubt crude and

insufficiently thought out.

Accepting Prof. Hartog's five theses as fair statements, I have

always proceeded to make his hypothesis B, and in this I

believe I am following Prof. Weismann. Hypothesis A had
never occurred to me, and I agree with Prof. Hartog in con-

sidering it as valueless But I believe a way through the difficul-

ties raised against hypothesis B may be found in the assumption
of a relationship between the Ahnenplasmas in the germ-
cell. Such a relationship is perhaps hinted at by Prof. Hartog
in Thesis IIL, where he .speaks of these units as lying "asso-

ciated together,"and in this respect the metaphor of two packs
of cards in Thesis IV. is, I believe, inadequate. I have always
been accustomed to regard the relationship between the ancestral

units, the
"
pattern

"
or figure which they form, as an essential

part of the process. I have regarded the units as the necessary

material, like the pigments in a colour-box, while their arrange-
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ment would correspond to a finished picture. With such
a conception I should prefer in Thesis IV. the metaphor
of a kaleidoscope. The pattern at any one point will determine
the pattern that succeeds, although, with an infinite number of

pieces, the latter must always be different. But though differing,
the successive patterns will resemble each other far more closely
than those which are separated by wide intervals. Similarly, I
do not think it is inconceivable that the arrangement of the
ancestral units may have a determining effect on the arrange-
ments which will succeed, in spite of the loss and restoration of
half the units in each generation. Such a conception has the
further advantage that it renders intelligible the action of ex-
ternal conditions on the germ-cells, either directly or through
the medium of the body-cells. The ancestral units may be
excessively stable, but the arrangements may be modified by a
shock, just as the pattern in a kaleidoscope may be changed by
a blow instead of the "normal "

process of rotation (correspond-
ing, of course, to the loss and restoration of half the units).

Oxford, November i6. Edward B. Poulton.

Town Fogs and their Effects.

The influence of fogs on health, referred to in the very
interesting paper by Dr. Russell (Nature, November 5, p. 10),
seems to call for further investigation. On the face of it, and
judging by the composition of fogs, the discomfort they bring,
their hurtfulness to plants, &c., fogs must surely damage health.
And the injurious effect, I would point out, might not be at once

apparent in the death-rate. What, on the other hand, is the

precise nature of the beneficial effect of fogs (for such there
seems to be) ? If they plague mankind, they probably also

plague those enemies of mankind, the minute organisms on
which disease depends. And if so, we might even suppose
some lives to be saved when fog comes on. It would be in-

teresting to hear from hospitals for special diseases, how the

patients are affected by fog. I understand that people suffer-

ing from asthma often rather enjoy a fog, or the sulphureous
atmosphere of the Underground Railway. Has this ever been

explained ? M.

The Eclipse of the Moon.
I VENTURE to send some notes upon last night's eclipse of

the moon, taken by me here up to 11.35 P-m-i when the sky
became rather suddenly and entirely overcast.

The first indication of the penumbra of the earth's shadow
was distinctly visible upon the north-east limb of the moon a
little before 10.25 > ^"d at 10.35 (time given by the almanac)
her northeast limb was well in shadow, and hidden by a re-

markably dense or black shadow. At this time the sky here
was quite clear, and promised to keep so for some time. At
10.45 ^^ shaded part of the moon was so dark as to be invisible

upon the sky even through glasses. At 10.50 a very beautifully
coloured prismatic "cock's eye" formed in the sky exactly

opposite the shaded limb, taking a fan-like shape radiating from
that side of the moon

;
the prismatic colours being repeated

twice, as in a double quadrant of a rainbow ; while the sky
round the bright part of the moon was clear and uncoloured.
At 10.55 ^ 'hin white cloud, with ring of prismatic colours,
formed round the moon

; the earth's shadow still remaining
very dark, with well-defined edge, and little or no penumbra
beyond it. At 11.5 the thin cloud entirely cleared, the shadow
still very dark, the upper and lower edges of the moon's limb

just visible as threads of light upon the sky ; and at 1 1. 10 a very
slight warmish tint appeared about the north-east part of shadow.
At 1 1. 15 the sky very clear and dark about the moon, stars

before invisible coming out brightly. The earth's shadow was
now well advanced over the moon, strongly defined, and as dark
as the .«ky beyond it. At 11.22 light thin clouds again gathered
round the moon, a narrow crescent of her only remaining. At

11.25 the moon became wholly hidden by a dense cloud. At
about 11.35 I caught a momentary glimpse of the moon through
the cloud, a very small part of her south-west limb just showing.
At 11.40 sky entirely overcast; a faint aurora or red colour

spreading upward, apparently below this cloud or mist, from the

north.

I have only to add that the darkness and absence of colour of

the shaded part of the moon was even more marked in this

eclipse
—so long as I was able to observe it—than in that of

October 4, 1884, which was then set down to an abnormal
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density of the earth's atmosphere, and was supposed to have
some connection with the strange sunsets and other phenomena
of that period. I was not altogether unprepared for the same
general character in last night's eclipse, as, so far as my own ob-
servations go, I am led by them to believe that the conditions
then present in our atmosphere are still with us.

Southampton, November 16. Robert C. Leslie.

Comparative Palatability.

The following observations were made during the last week
of September and first of October :

—
Two tadpoles of the small newt were taken by a "

silver-fish."
Three others, placed next day in the globe containing this fish

and two goldfish, were not swallowed, though attempted from
time to time. A brandling {Allolobophora fcetida) was once
taken by the same silver-fish ; but refused the next day and
afterwards.

A large frog (?) ate brandlings readily. Two slugs were
taken by frogs. Tadpoles of the small newt were disregarded.A very interesting experiment was made with a brimstone
butterfly {Rlwdocera rhamiii i ). It was offered to a frog
which had just taken a V. urticic. Though fairly seized several

times, the brimstone was always rejected. After one rejection,
a second V. urticce was swallowed

; after another, a Spilosoma
larva. The butterfly was then given to a spider, which attacked
it, but left it unwound. A V. urlica: placed in the web was at
once seized, partially wound, and sucked. Then the spider re-
turned to the brimstone ; hut immediately left it again for the

Vanessa, which was thoroughly wound, sucked, and moved higher
up into the web. At du.sk, the brimstone had been very imperfectly
fastened. Next morning, however, it had been taken up by
the spider.
That a frog is not much hurt by the nippers of Ocyptis is

shown by the following experiment. A specimen which had
been taken from the side seized the frog's tongue, was rejected
after a few minutes, and removed by the forceps. The frog
immediately after took a large earthworm.

Small frogs are exceedingly bold and voracious ;
often attack-

ing prey which is as large as themselves, and which they could
not possibly swallow. House- and harvest-spiders, hairy and
smooth larvae (among them those of Spilosoma sp. and Mamestra
persicaria), ladybirds, earthworms, brandlings, and silver-Y
moths, were all swallowed somehow ; while large

"
devil's coach-

horses" were invariably attacked. Tadpoles of the small newt
were disregarded. E. B. TiTCHENER.

Inselstrasse 13, Leipzig.

The Inheritance of Acquired Characters.

Will you allow me to call the attention of your readers to a

sentence in Mr. Hemsley's review of Schimper's and Karsten's
works on the mangrove vegetation ?

"
Mangroves grown in soil

free, or practically free, from chloride of sodium, develop foliage
of less substance, furnished with a larger number of stomata."
If this means, as I understand it, that the change takes place
immediately with the change in the conditions of growth,
it would be very interesting to have further details ;

as the fact

would furnish a very strong argument that the peculiarities in

the mangrove vegetation are the result of the inheritance of

acquired characters. Alfred W. Bennett.
St. Thomas's Hospital, November 7.

"The Darwinian Society."

In your issue of November 5 (p. 19) information is given
that a local Society is about to be inaugurated in Edinburgh,
under the title

" The Darwinian Society."
As the Society is apparently to be merely for the encourage-

ment of the study of natural science in the University of Edin-

burgh, the name is surely too pretentious to be suitable ; and it

is one that might well, I think, be kept in reserve for bestowal

in later years upon a chartered Society of similar magnitude
and as far-reaching extent as that founded in honour of Linnaeus.

It is therefore to be hoped that a more applicable name than

the one proposed may be found for the new Edinburgh
University Society. William White.
.. Sheffield, November 10.
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SOME NOTES ON THE FRANKFORT INTER-
NATIONAL ELECTRICAL EXHIBITION}

V.

The Evolution of the Multiphase Alternate Current

Motor.

THE two-phase alternate current motor described in

Part IV. has the disadvantage that, not merely does

the magnetic field rotate, but it also varies in strength :

this causes the driving force to fluctuate, and diminishes

the power that the motor would otherwise give out. That

there is this variation in strength of the magnetic field

a h c

d c /
,

[F1G.J12 (repeated).
—Rotating magnetic field produced by two alternating^
currents, differing by go° in phase.

may be seen from Fig. 17, where the continuous curves
I and II show at any moment the strengths of the

currents in the coils I and II, Fig. 12 (repeated for

reference from the last article) ; while the dotted curves

lo, II2, in Fig. 17, give the values at any moment of the

currents in the coils I2, IL, in Fig. 12. For example,
when the time equals a (Fig. 17), the currents flowing in

all the four coils will always help one another to mag-
netize tlie iron ring, hence the magnetizing force at any
moment will be approximately proportional to the number
of convolutions in one of the coils multiplied by the a7-itli-

uietical sum of the ordinates of all the four coils I, II,

lo, and II2, that is, multiplied by twice the ordinate of the

upper or summation curve.

If the maximum ordinate of either of the curves I or

1.2 be called H, the ordinate of the upper or summation
curve is equal to H when the time is a, c, or e, correspond-

ing with the illustrations marked a, c, and e in Fig. 12 ;

2
whereas the ordinate of this summation curve is —^ H,

or r4i4H, when the time is b, d, or f, corresponding with

the illustrations marked b, d, and /in Fig. 12.

Hence, if K be the number of convolutions in one of

the coils, the sum of the products of the current into

the number of convolutions, or the number of ampere-
turns, as it is called, will vary between two values pro-

portional to HK and r4i4 HK—that is, will vary by 4r4
per cent. The variation in the magnetism produced by
such a change in the number of ampere-turns will be

less than 41 "4 per cent., and much less if the magnetic
induction be considerable ; still, the fluctuation in the

strength of the rotating field may be greater than is

desirable.

If in place of the two pairs of coils (Fig. 12) there be

three, I, lo, H, II2, HI, IIL, as in Fig. 18, and if the

alternating currents passing through these three circuits

be of the same maximum altitude and periodic time, but

differ by 60° in phase, the variation in the number of

ampere-turns will be much less than if only two alter-

nating currents be employed. For on examining the sum
of the ordinates of the three continuous curves, I, II,

III (Fig. 19), which are the curves of three such

currents, we see that the sum, or the ordinate or the top

curve, varies between 2H sin 60°, when the time equals /,

and H + 2H sin 30°, when the time equals t . Hence this

sum varies between VsH and 2H, corresponding with a

change of only 14 per cent, in the magnetizing force, and
with less than 14 per cent, in the magnetism produced.

Such a system, however, would require six wires,

whereas the same reduced maximum variation of the

number of ampere-turns can be practically attained by
employing only three wires conveying three alternate

Fiu. 17.
—Two harmonic alternating currents of ihe same period and maximum amplitude, but differing by 90° in phase.

the coils I and II have respectively their maximum
value and nought ; whereas when the time equals b, the

currents flowing in each of these coils is the same, being
equal to 2 x sin 45"" into the maximum value.

Now if each of the four coils occupies only a small

portion of the ring, as shown in Fig. 12, the currents in

' Continued from vol. xliv. p. 619.
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currents differing by 120'" in phase, and by joining up the

motor as shown in Fig. 20.

That it is possible to use only three wires, so that either

wire always acts as the return wiie for the currents in

the other two, arises fiom the fact that the algebraical
sum of three harmonic alternate currents of the same

period and maximum amplitude but differing by 120° in
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phase is always nought. This may be easily proved thus :

the values of three such currents are given at any moment
by projecting on a stationary line, POO (Fig. 21), the three

equal limbs of the three-legged figure Oa, ,0/3, Oy, as it

rotates with uniform velocity round the point O. Oa, 0/3,

Oy, are, therefore, the mRximum values of the three cur-

struction be made for Fig. 21, C and O will always coin-

cide, therefore the sum of the projections of Oa, 0/3, and
Oy, Fig. 21, must be always nought.

Fig. 23 shows three curves, I, II, III, drawn so as to

give the values at any moment of three harmonic alter-

nating currents each of the same altitude, H,and periodic

Fu;. 18 —Currents differing by Cio" in phase, and represented in direction and magnitude by the direction and length of the arrows.

leiUs, and the actual values of the currents for the

p(jsitionof the figure shown are OA, OB, OC, respectively,

corresponding in relative magnitude with the lengths of
the arrows which are attached to A, B, C. in Figs. 18 and
20, and in direction with the arrows attached to the latter

figure, on the assumption that a current is regarded as

time, but differing by 120° in phase, and it is seen that

the sum of the three ordinates—that is, the ordinate of the

top curve—varies from H + 2H sin 30^ when the time

equals /, to 2H sin 60°, when the time equals /', so thatjhe

ordinate of the summation curve varies from 2H to V/3H,

corresponding with a variation of 14 per cent. But this

; V "^i'
'^' V v' ^' ^' »•' V \'

J- n' in:-

Fig. 19.—Three harmonic alternating currents of the same period and maximum altitude, but differing by £0° in phase.

positive when it circulates round the iron riilg in such a

direction as to tend to send a north pole counter-clockwise

round the iron ring. Now the sum of the projections on

POQ of any three lines Oa, 0/3, Oy (Fig. 22) is simply the

projection of Of found by drawing at and f^ parallel and

equal to 0/3 and Cy respectively. But if such a con-
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is exactly the variation that we obtained in Fig. 19,

hence if there be twice as many convolutions in each
of the three coils of Fig. 20, as in each of the six coils

of Fig. 18— that is, the same total number of coils in the

whole ring
—and if the three equal harmonic alternating

currents differing by 120° in phase have each the same



56 NA TURE [November 19, 1891

maximum amplitude as the three equal harmonic alter-

nating currents differing by 60° in phase, there will be
the same maximum variation in the number of ampere-
turns in the two cases.

Mr. Dolivo Dohrowolski, the designer of the three-phase

proportional to the magnetizing force
; secondly, from the

magnetic leakage in the motor being different when the

axis of the rotating field cuts the ring between two of the

coils, and when it passes through a coil conveying a

current, a case which cannot, of course, be neglected

Fig. 20.—Three-phase alternaie current motor (open winding) ; currents differing Viy 120° in phase,
and represented in direclion ^nil magnitude Ly ih; direction and length of the arrows.

Fig. 21.

motor employed in the Lauffen-Frankfort transmission,
was the first to draw attention to this variation in the
number of ampere-turns with a rotatory magnetic field

motor, and the pulsation of the field thus produced. But
we venture to think that in his deductions he lays too
much stress on the mere variation in the number of

when each coil occupies a considerable portion of the

ring, as in an actual three-coil motor.

Hence we doubt whether it could be decided theo-

retically without experiment with which of the windings
indicated in Figs. 12 or 20 the rotating magnetic field

would undergo the greater variation in strength, if in

Fig. 22. Fig. 23.
—Three harmonic alternating currents of the same period and maximum

altitude, but differing by 120° in phase.

ampere-turns, and too little on the fact that the variation

in the number of ampere-turns only imperfectly indicates

the variation in the strength of the rotating field. That
the one variation does not alone measure the other arises

first from the induction in iron not being, as is well known,
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both cases the windings occupied the whole of the iron

ring.

Since, as we have proved, the algebraical sum of the

three alternate currents in the coils I, II, III, Fig. 20, is

always nought, Kirchhoff's second law suggests that these
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three coils, instead of being wound on the ring as indi-
cated in Fig. 20, may be wound so as to form a closed
circuit, as shown in Fig. 24. With this arrangement of
coils it is easy to show that the current

ml = —!—
,

3

II =^-^
3

•

III - C+A
,,111 _

J

where A, B, and C represent simply the arithmetical
values of the currents in the three main leads. And in

Fig. 24 the arrows attached to the wires A, B, and C, and
to the coils I, II, III, are drawn of such proportional
lengths that the above connection between the currents

Since the three coils both for the open and the closed

methods of winding (Figs. 20 and 24) are connected

together, and since the current in any one coil varies like

the current in the preceding coil, with a lag of 120'', each
value of the current may be regarded as travelling round
the ring from each coil to the next. This idea has led

Mr. Dobrowolski to call such a motor a rotatory current

or " drehstrom " motor.
In joining up a three-phase drehstrom motor, we have

to decide whether we shall adopt the arrangement shown
in Fig. 20 or that illustrated in Fig. 24. The latter, or

closed winding, would be employed when we desired that

the maximum potential difference between the terminals

of any one of the three coils should be equal to the

maximum potential difference between any two of the

mains ; while with the open method of winding (Fig. 20)
the maximum difference of potential between the terminals

of any one of the three coils would be only ——, or o"3744
v3

Fig. 24.—Three-phase alternate current motor (closed winding); currents differing by
120° in phase, and represented in direction and magnitude by the direction and
length of the arrows.

Fl3. 25.—Projections of Oa, O^, Oy give direction and
relative magnitude of currents in the mains A, B, C
of Figs. 20, 24, 27, 29, and 31, and of currents in coils I,
11, III of Fig. 20. Projections of Oi, O2, O3 com-
pletely represent currents in coils I, II, III of Fig. 24;
and projections of Oi, O2', O3 completely ref resent
currents in coils I, II, III of Fig. 27. -j

in the three coils and the currents in the three mains is

satisfied.

Next,to find the differencein phase, we draw three lines, so
that their projections on POO (Fig. 25) represent in direc-

tionand magnitude ""J^, 0^-0^ OC+OA ^^^^^333
is done by taking one-third of the diagonals of each of
three parallelograms constructed respectively on Oa and
0,3 produced backwards, on 0/3 and O7 produced back-

wards, and on Oy and Oa produced backwards. In this

way is obtained the three-legged figure, Oi, O2, O3, with
three equal sides making angles of 30" with Oa, 0/3, Oy,
respectively ;

then 01,01 1,and 1 1 1, the projectionsof O i,

O2, and O3 on POO, give us the direction and magnitude
of the three currents in the coils I, II, III (Fig. 24). Hence
we see that the current in coil I lags 30° behind the current
in A, the current in coil 1 1 30^ behind the current in B, and

similarly the current in coil III 30" behind the current
in C.
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times the maximum potential difference between any two
of the mains. The open method has the further advant-
age that the middle point where the single current branches
into two (Fig. 20) can be permanently connected with the
earth

;
so that, while the maximum potential difference

between each pair of mains may be, say, 20,000 volts, the

potential of no point of the whole system can ever differ

from that of the earth by more than 10,000 voUs, a result

which of course enables the insulation of separate aerial

conductors to be more easily carried out.

The open method of winding has therefore been adopted
for the transformers at Lauffen and at Frankfort, as well
as for the motor at Frankfort

; but, for the reasons which
follow, the actual winding employed is more complex
than that indicated in Fig. 20.

In addition to the defect possessed by the two-phase
alternate current motor arising from the variation in the

strength of the rotating magnetic field, there is another
defect caused by the rotation of the field not proceeding
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at a uniform rate, so that the driving force is intermittent.

Both these defects, however, can be much lessened by sub-

dividing up the coils wound on the iron ring of the motor,
a result that can be attained without increasing the num-
ber of main wires beyond three by employing the following
device. Imagine one half of each of the three coils of

FiG. 26.—Transformation of a three-phase alternate cnrrent motor (closed

'vinding), with currents differing by 120° in phase, into a six-phase motor,
with currents differing by 60° in phase.

the motor in Fig. 24 to be wound in the opposite direction ;

then an arrangement, symbolically indicated in Fig. 26,
would be obtained, where the six halves of the former
three coils, I, II, III, are now called I, I,, IL, II, III, and

III2, as we go round the triangle. Fig. 26. If now, with-

but as one-half of the coil is wrapped one way round the

iron ring, and the other half the other way, the currents,
as far as sending a north pole round the ring is concerned,
will have diametrically opposite effects—that is, will differ

by 180° in phase. Hence, while the currents in the three

coils I, II, 1 1 1, in Fig. 24, differed by 120° in phase, the cur-

rents in the six coils I, II, III, I.^, lU. III2 (Fig- 27) will

differ by 60' in phase, so that, as far as the magnetization
of the iron ring is concerned, we have arrived at exactly
the arrangement of currents shown in Fig. 18. There is,

however, this important difference—that, whereas in

Fig. 18 six main wires were required, in Fig. 27 only
three are needed.
The difference in phase between the currents in the six

coils (Fig. 27) and the currents in the mains can be at

once obtained from Fig.
the current

II =

For it is easy to show that

A-f B

3

B - C

3
'

C-f A
111 = "^

where A, B, and C represent simply the arithmetical values

of the currents in the three main leads. Arithmetically,
then, for the same currents in the mains A, B, C, the

currents in the three coils I, II, III of Fig. 27 are the

same as the currents in the three coils I, II, III of Fig,

24. But while, as far as sending north polarity counter-

clockwise round the iron ring is concerned, the current

in coil II of Fig. 24 was negative, that in coil II of

Fl(J. 27.
— Six-phase alternate current motor (closed winding) ; currents differing by 60° in phase, and represented in direction and magnitude by

the direction and length of the arrows.

out separating any of the connections, the coils Lj and II

be made to change places, as well as lU and III, we
obtain the arrangement of winding shown on the motor
in Fig. 27.
Now it is to be observed that since the coils I and L

(Fig. 27) are in series, being in fact simply parts of the

same coil I of Fig. 26, the current in the one must be, of

course, exactly the same as the current in the other ;
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Fig. 27 is positive. Hence, while it was the projection of

O2 (Fig. 25) that gave the current in coil II of Fig. 24,
it will be the projection of O2' that will completely
represent the current in coil II of Fig. 27, &c.

Hence, in Fig. 27 the current in the coil I will be O I, the

projection of Oi; the current in the coil II will be 01 1', the

projection of O2' ; that in coil III will be O III, the pro-

jection of O3 ;
that in coil Ig will be O I2', the projection of
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Oi', &c. And the various arrows attached to the various

parts of Fig. 27 are all drawn so as to represent, in

direction and by their proportional lengths, the currents

as determined from Fig. 25.

If, instead of starting with the closed circuit three-

phase motor (Fig. 24), we deal in the same sort of way

winding, and consider each coil as consisting of two in

series but wound in opposite diiections, we arrive at the

symbolical Fig. 30 ; then, by interchanging the positions
of the coils without separating any of the connections,
the twelve-phase motor shown in Fig. 31 is produced,

Fig. 28.—Transformation of a three-phase ahernate current motor (open
winding), with currents differing by 120° in phase, into a six-phase moto-,
with currents differing by 60° in phase.

with the open circuit three-phase motor (Fig. 20), we
obtain Fig. 28, by supposing each coil to consist of two
coils in series oppositely wound

;
and then, by inter-

changing the positions of the coils without breaking any
of the connections, we arrive at the six-phase motor seen

^# w

Fig. 30.
—Transformation of an open wound combined with a closed wound

six-phase alternate current motor into a twelve-phase motor with current

differing by 30° in phase.

where the current in each coil differs from that in the

preceding by 30° in phase.
In the twelve-phase motor (Fig. 31) the current in coil

I is completely represented by the projection of Oa (Fig.

Fig. 29.—Six-phase alternate current motor (open winding) ; currents differ-

ing by 60° in phase, and represented in direction and magnitude by the
direction and length of the arrows.

in Fig. 29, where the current in coil I is completely re-

presented by Oa (Fig. 25), that in coil II by the projec-
tion of Qy produced backwards, \}a3X in coil III by the

projection of 0|3, &c.

Lastly, if we combine the closed and open methods of
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Fig. 31.
—Twelve-phase alternate current motor ; currents differing by 30° in

phase and represented in direction and magnitude by the direction and

length of the arrow:.

25), that in coil II by the projection of O3', that in coil

III by the projection of O-y produced baclcwards, that in

coil IV by the projection of O2, &c. The maximum
currents then in the coils II, IIj, IV, IVo, VI, VIj, will



NA TURE [November 19, 1891

be only —^, or o"5744 times the maximum value of the

currents in I, Ig, III, III.2, V, V2. Hence the number of

convolutions in each of the coils II, IL, IV, IVg, VI, VI2
should be §rds of the number in each of the coils I, I2J

III, III2, V, V2, and the cross-section of the wire in

each of the first "six coils only fths of that in the last six,

both of vi'hich ratios are symbolically indicated in Fig. 31.

By still further following out the same general idea, an

alternate current motor with twenty-four, or more, coils

on it can be developed, requiring only three main wires to

supply the current. And thus, thanks to the labours of

Tesla, Bradley, Haselwander, Wenstrom, and last, but

by no means least, to the striking ingenuity of Dolivo

Doblowolsky, a practical alternate current motor can now
be constructed, which will produce as steady a driving
force as the best modern direct current motor.

W. E. A.

( To be contifiued.)

THE IMPLICATIONS OF SCIENCE.^

I.

\1 T'HEN I was honoured by an invitation to lecture
* * here this evening, I felt much troubled as to the

subject which I might most fitly select as my theme.

During the forty years I have been a member of the

Royal Institution, I have had the privilege of listening to

lectures on many very different branches of science, and
I know that all branches of science have few or many
followers amongst the audience I am now addressing.

It has struck me, however, that for this single lecture

it might be well not to confine myself to any subordinate

department of scientific inquiry, but rather to invite your
attention to certain questions which deeply concern them
all. Thus, it has seemed to me, I might hope to interest

a greater number of hearers than it would be possible for

me otherwise to do.

I felt the more encouraged to take this course when I

recalled to mind on how many previous occasions I had

myself listened to discourses of a similar breadth of

scope, given in this theatre by very distinguished men
of science.

Foremost among them I may mention Prof. Huxley,
who has here, as elsewhere, called attention to questions
which underlie all physical science. I may also refer to

that brilliant mathematician, Prof. Clifford, the sad and
sudden ending of whose brief career we have good reason
to deplore.

It would be easy to mention the names of other
scientific celebrities who have here discoursed on matters

beyond the scope ofany one branch of science. These two,

however, will, I think, suffice.

But before proceeding further I would feign say a few
words as to the title of my lecture, so as at once to

prevent any misunderstanding as to the object I have in

view.

By
" the implications of science" I mean nothing to

which any section of my hearers can object, whatever
their notions about "creed" or "conduct" may be. I

desire carefully to eliminate all questions of either

religion or morals, and I shall confine myself purely and

simply to the consideration of certain propositions which

appear to me to be latent within, and give force to, what
we regard as well-ascertained scientific truths. They are

propositions which must, I believe, be assented to by
every consistent follower of science, who is convinced
that science has brought to our knowledge some truths on
which we can, with entire confidence, rely.

My appeal, then, is to the pure intellect of my hearers,

'
Friday Evening Discourse delivered at the Roj'al Institution by Dr. St.

George Mivart, on June 5, 1891.
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and to nothing else. And indeed I desire to take this

opportunity plainly to declare, before this distinguished

audience, that not only here and now, but everywhere
and always, I unhesitatingly affirm that no system can, or

should, stand, which is unable to justify itself to reason.

I possess no faculty myself, nor do I believe that any
human faculty exists, superior to the intellect, or which
has any claim to limit or dominate the intellect's activity.

Feelings and sentiments have their undoubted charm
and due place in human life, but that place is a sub-

ordinate one, and should be under the control of right
reason.

But it is by no means only or mainly against those who
would undervalue reason in the interest oi sentiment, that

I have this evening to protest. My object is to uphold
what I believe to be the just claims of our rational nature

against all who, from whatever side, or in the name of

whatsoever authority, would impugn its sovereign claims

upon our reverence, or unduly restrict the area of its

sway.
As I have already intimated, I propose to fulfil this

task by calling attention to some half-dozen far-reaching
truths implicitly contained in scientific doctrines uni-

versally admitted, so that those doctrines cannot logically
be maintained, if such implied truths are really and

seriously doubted, and still less if they are really dis-

believed and denied. These truths, then, are what I

mean by
"
the itnplications of science." But what is

science .''

The word "science" is now very commonly taken as

being synonymous with '''physical science." There is

much to be said against giving the word so narrow a

meaning ; nevertheless that meaning will sufficiently
serve my purpose this evening.

"
Science," then, thus

understood, is merely ordinary knowledge pursued with

extreme care—most careful observation, measuring,

weighing, &c.—together with most careful reasoning as

to the results of observations and experiments, and also

painstaking verification of any anticipations which may
have been hazarded. In this way our thoughts are made
to conform as accurately as may be with what we regard
as the realities they represent.
The value and the progress of science are unques-

tioned. Many foolish discussions are carried on in the

world about us
;
but certainly no one disputes or doubts

the value of science or the fact of its progress. The value

of carefully ascertained scientific truths will not at any
rate be disputed in this theatre, which has witnessed the

triumphs of the immortal Faraday, and which may justly
claim to be a very temple of science. And certainly /
have no disposition to undervalue it, who have loved it

from my earliest years, and devoted such small powers as

I possess to its service. I am profoundly convinced that,
since I can recollect, biological science has made great

progress, and I see grounds for absolute certainty now
about many propositions in zoology which were doubtful

or undreamed of when I was a lad.

We all, then, agree that science does advance. Never-

theless, it is obvious that such advance would be im-

possible if we could not, by observations, experiments,
and inferences, become so certain with respect to some
facts as to be able to make them the starting-points for

fresh observations and inferences as to other facts. Thus,
with respect to the world we live in, most educated men
are now certain as to its daily and annual revolutions, as

also that its crust is largely composed of sedimentary
rocks, containing remains or indications of animals and
plants more or less different from those which now live.

No one can reasonably deny that we may rely with
absolute confidence and entire certainty upon a variety
of such assertions.

But our scientific certainties have been acquired more
or less laboriously, and a questioning attitude of mind is

emphatically the scientific attitude. We ought never to
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rest satisfied about any scientific inquiry the truth of

which has not been demonstrated, unless we find that it

is one which we have no possible power to answer. It

would obviously be idle to occupy ourselves about the

shape or number of the mountains on that side of the

moon which is constantly turned away from us.

Yet, although doubt and inquiry are necessary in

science, nevertheless doubt has its legitimate limits.

Blind disbelief is scientifically fatal, as well as blind

belief. We all know how apt men are, when seeking to

avoid one extreme, to fall into the opposite one, and it is

possible to get into an unhealthy condition of mind so as

to be unable to give a vigorous assent to anything. It is

necessary distinctly to recognize there is such a thing as

legitimate certainty, not to perceive the force of which is

illegitimate doubt. Such doubt would necessarily dis-

credit all physical science.

Universal doubt, for example, is an absurdity. It is

scepticism run mad.
If anyone affirms that ''

Hothing is certain" he ob-

viously contradicts himself, since he thereby affirms the

certainty of uncertainty. He says that, which, if true,

absolutely contradicts what he has declared to be true.

But a man who affirms what the system he professes to

adopt forbids him to affirm, and who declares that he be-

lieves what he also declares to be unbelievable, should

hardly complain ifhe is called "foolish." No system can be

true, and no reasoning can be valid, which inevitably ends
in absurdity. Such scepticism, then, cannot be the mark
of an exceptionally intellectual mind, but of an excep-
tionally foolish one, and every position which necessarily
leads to scepticism of this sort must be an untenable

position.
A very little reflection suffices to show how self-refuting

such modes of thought are.

Thus, if a man were to say,
" / cannot know anything

becauseI cannot be sure that myfaculties are not alwaysfal-
lacious" or " / cannot be sure of anything because, for all

I know, I may be the plaything of a demon who amuses

himself by co?tsta?ttly deceiving 7ne
"—in both these cases

he contradicts himself, because he obviously grounds his

assertion upon his perception of the truth that
" we can-

not arrive at conclttsions which are certain by means of
premisses which are uncertain orfalse."

But if he knows that truth, he must know that his

faculties are not always fallacious, and that his demon
cannot deceive him in everything.
My object in making these remarks is to enable us to

get clear of mere idle, irrational doubts which have no

place in science and can have none, so that we may
recognize the fact that we all of us have certainty as to

so7ne facts according to our degrees of knowledge. Ob-

viously we can only judge of truth by our mental faculties,
and if a man denies their validity we must pass him by,

contenting ourselves with calling his attention to the fact

that he refutes himself. If a man professes to doubt his

faculties, or to doubt whether language can be trusted to

convey thought, then plainly we cannot profitably argue
with him. But if, on account of his absurdity, we cannot
refute him, it is no less plain that he cannot defend his

scepticism. Were he to attempt to do so, then he would

show, by that very attempt, that he really had confidence
in reason and in language, however he might verbally
deny it.

Confident, then, that there are some scientific state-

ments on which we may rely with certainty, let us con-
sider a few truths implicitly contained in them.

In the first place, science makes use not only of obser-

vations and experiments, but also of reasoning as to the

results of such experiments. It needs that we should

draw valid inferences
; but this implies that we may, and

must, place confidence in the principle of deduction— in

that perception of the mind which we express by the

word "
therefore." When we use that word, we mean to

,
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express by it that there is a truth, the certainty of which
is shown through the help of different facts or prin-

ciples which themselves are known to be true.

It is sometimes objected to deductive reasoning
—to

the syllogism
—that it really teaches us nothing new, all

that is contained in the conclusion being contained

already in the premisses. But this objection is due to a-

want of perception of the great difference which exists

between implicit and explicit knowledge. Let us sup-

pose a 'person to be looking at some very flexible and
soft kind of fish. He may, perhaps, say to himself,

" This
creature can have no spinal column !

" Then it may
strike him that naturalists have classed fishes, together
with other animals, in a great group, one character of

which is the possession of a spinal column, and so he

may explicitly rtcogmze. a truth implied in what he knew
before. So great, indeed, is the difference between explicit
and implicit knowledge, that the latter may not really
deserve to be called

" real knowledge
"

at all. No one
will affirm that a student who has merely learned the

axioms and definitions of Euclid has attained such a real

knowledge of all the geometrical truths the work contains
that he will fully understand all its propositions and
theorems without having to study them. Yet all the

propositions, &c.j of Euclid are implicitly contained in

the definitions and axioms. Nevertheless, the student

will have to go through many processes of inference by
which these implicit truths may be explicitly recognized
by him, before he can be said to have any real knowledge
of them.
The VALIDITY OF INFERENCE is, then, one of the

truths implied by physical science, and we shall presently
see the intellectual penalty which must be paid for any
real doubt about it.

In the second place, physical science is emphatically
experimental science. But every experiment, carefully

performed, implies a most important latent truth. For
when an experiment has shown us that anything is certain—

as, for example, that a newt's leg may grow again, after

amputation, because one actually has grown again ; we
shall find that such certainty implies a prior truth. It

implies the truth that if the newt has come to have four

legs once more, it cannot at the very same time have

only three legs. This may seem too trivial a remark to

some of my hearers, but there is nothing like a concrete

example for making an abstract truth plain. Anything
we are certain about, because it has been proved to us

by experiment, is certain only if we know, and because
we know, that a thing which has been actually proved
cannot at the same time remain unproven. If we reflect

again on this proposition, we shall see that it depends
on a still more fundamental truth which our reason

recognizes
—the truth, namely, that

"
nothing can at the

same time both be and not be "—the truth known as
" THE LAW OF CONTRADICTION"; and this I bring forward
as a second truth implied by physical science.

If we reflect upon this law, we shall see that our intellect

recognizes it as an absolute and necessary truth which
carries with it its own evidence. It is but the summing
up in one general expression, of all the concrete separate
cases—such as that of the newt's legs, of the fact that if a

man possesses two eyes he cannot at the same time have

only one, and so on.

But an objection has been made as follows :

"
It is

very true that I cannot imagine having
' two eyes

' and

only
' one eye

'

at the same time, and so I must practic-

ally acquiesce in the statement, but I am only compelled
to do so by the impotence of my imagination." Thus,
instead of the "law of contradiction," Mr. Herbert Spencer
has put forward as an ultimate truth—"

his universal

postulate
"—the assertion that " we must accept as true

propositions we cannot help thinking, because we cannot

imagine the cojitrary.^' But if any of my hearers will

reflect over what his mind tells him when it pronounces
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that he cannot at the same time have both two eyes and
only one eye, he will, I think, see that his perception is

(as mine is) a perception of real incompatibility, and con-

sequent positive impossibility. He will not find his mind
a mere blank, passively unable to imagine something.
He will find that his mind actively asserts its power to

judge of the matter as well as what its judgment is, and
'

that the truth is one which positively applies to things,
and not merely to his own imaginings.

Moreover, this objection ignores the difference between
intellect and imagination. Yet there are very many
things we can conceive of but cannot imagine, as, for

example, our " act of sight
" or " our own annihilation."

But it appears to me evident that Mr. Herbert Spencer's
" universal postulate" can never be itself an ultimate truth,
but must depend upon the law of contradiction. For, sup-

posing we had tried to imagine a thing and failed, how
could we from that ever be sure we might not at the

same time have actually tried and succeeded, if we could
not rely upon the law of contradiction ?

The consequences resulting from any real doubt as to

this law we will see later on.

In the pursuit of science, observation is anterior to

experiment ; but in every observation in which we place

confidence, and still more in every experiment, a third

fundamental truth is necessarily implied : this implied
truth is THE VALIDITY OF OUR FACULTY OF MEMORY.

It is plain that it would be impossible for us to be
certain about any careful observation or any experiment,
if we could not feel confidence in our memory being able

to vouch for the fact that we had observed certain pheno-
mena and what they were. But what is memory .^

Evidently we cannot be said to remember anything
unless we are conscious that the thing we so remember
has been present to our mind on some previous occasion.

A mental image might present itself to our imagination
a hundred times ; but if at each recurrence it seemed to

us something altogether new, and unconnected with the

past, we could not be said to remember it. It would
rather be an example of extreme forgetfulness than of

memory.
By asserting the trustworthiness of our faculty of

memory, I do not, of course, mean that we may not

occasionally make mistakes about the past. It is quite
certain we may, and do, make such mistakes. But, never-

theless, we are all of us certain as to soine past events.

Probably there is no single person now in this room who
is not certain that he was somewhere else before he
entered it. Memory informs us—certainly it informs me—as surely concerning some portions of the past, as con-

sciousness does concerning some portions of the present.
If we could not trust our faculty of memory, the whole

of physical science would be, for us, a mere present
dream. But there can be no such thing as proof of the

trustworthiness of memory, since no argument is possible
without trusting to the veracity of memory. It is there-

fore a fundamental fact which must be taken on its own
evidence, and from a consideration of the results of any
real doubt about it—results I will refer to presently.

Yet it has been strangely declared, by a leading agnos-

tic, that we may trust our memory because we learn its

trustworthiness by experience. Surely never was fallacy

more obvious ! How could we ever gain experience if

we did not trust memory in gaining it.'' Particular acts

of memory may, of course, be confirmed by experience if

\h& faculty of memory be already trusted, but in every
such instance it must be confided in. The agnostic re-

ferred to has told us in effect that we may place con-

fidence in our present memory because in past instances

its truth has been experimentally confirmed, while we can

only know it has been so confirmed by trusting our present

memory !

But if we admit the trustworthiness of memory at all, a

most important consequence follows—one relating to the
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distinction between what is subjective and what is

objective.

Every feeling or state of consciousness present to the
mind of the subject who possesses it is

"
subjective," and

the whole of such experiences taken together constitute
the sphere of subjectivity. Whatever is external to our

present consciousness or feelings is for us "
objective,"

and all that is thus external is the region of objectivity.
Now memory, inasmuch as it reveals to us part of our
own past, reveals to us what is "objective," and so intro-
duces us into the realm of objectivity, shows us more or
less of objective truth, and carries us into a real world
which is beyond the range of our own present feelings.
This progress, then, this knowledge of objectivity, is,

through memory, implied in every scientific experiment
the facts of which we regard as certain.

But our scientific observations and experiments carry
with them yet another implication more important still ;

this is the certainty of our knowledge of our own
continuous existence. Unless we can be sure that

we actually made the observations and experiments, on
our having made which we rely for our conclusions, how
can those conclusions be confidently relied on by us ?

This impHcation is so important
—in my opinion so

fundamentally important
—that I must crave your per-

mission to notice it, later on, at some length. But before

considering it, I desire to call your attention to the fact

that the propositions thus implied by physical science,
run directly counter to a system of thought which is

widely current to-day, and which has now and again
found expression in this theatre. The popular views I

refer to may be conveniently summed up as follows :
—

(i) All our knowledge is merely relative.

(2) We can know nothing but phenomena.
(3) We have no supremely certain knowledge but that

of our own feelings, and therefore we have none such of

our continuous existence.

(4) We cannot emerge from subjectivity, or attain to

real knowledge of anything objective.

Therefore, either I am very much mistaken, or those

who uphold the views I have just summed up are much
mistaken.

It may seem presumptuous on my part to come forward

here to night to controvert a system upheld by men of

such undoubted ability and so unquestionably competent
in science, as are men who uphold the system I oppose.
I feel therefore that a few words of personal apology and

explanation are due from me.
For full five-and-thirty years I have been greatly

interested in such questions. But when my intellectual

life began, it was as a student and disciple of that school

with which the names of John Stuart Mill, Alexander

Bain, G. H. Lewes, Herbert Spencer, and Prof. Huxley
have been successively associated—more or less closely.

The works of writers of that school I studied to the best

of my ability, and I had the advantage of personal

acquaintance with some of the more distinguished of

them. Thus, by conversation, I was much better enabled

to learn what their system was than I could have learned

it by reading only.

However, by degrees, I became sceptical about the

validity of the system 1 had at first ingenuously adopted,
but it took me not a few years to clearly see my way
through all the philosophical fallacies—as I now regard
them— in which I found myself entangled. I say

" see

my way through^' for I did not free myself from them by

drazving back but by pushing forwards
—

slowly work-

ing my way through them and out on the other side.

These circumstances constitute my apology for appearing
before you as I do. I have been a dweller in the countiy
which 1 am willing to aid anyone to explore who may wish

to explore it.

[To be contimted.)
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ELECTRICITY IN RELA TION TO SCIENCE.

TH E third annual dinner of the Institution of Eiectrxal

Engineers, was held at the Criterion on Friday,
November 13. Prof. William Crookes, the President,
was in the chair. In proposing the toast of the evening,
"
Electricity in relation to Science," Prof. Croo'ces deli-

vered the following speech :
—

We have happily outgrown the preposterous notion
that research in any department of science is mere waste
of time. It is now generally admitted that pure science,

irrespective of practical applications, benefits both the

investigator himself and greatly enriches the community.
"

It blesseth him that gives, and him that takes."

Between the frog's leg quivering on Galvani's work-table
and the successful telegraph or telephone there exists a
direct filiation. Without the one we could not have the
other.

We know little as yet concerning the mighty agency of

electricity.
"
Substantialists

"
tell us it is a kind of matter.

Others view it, not as matter, but as a form of energy.
Others, again, reject both these views. Prof. Lodge con-
siders it

" a form, or rather a mode of manifestation, of
the ether." Prof. Nikola Tesla demurs to the view of
Prof. Lodge, but thinks that "nothing stands in the way
of our calling electricity ether associated with matter, or

bound ether." High authorities cannot even yet agree
whether we have one electricity or two opposite elec-

tricities. The only way to tackle the difficulty is to

persevere in experiment and observation. If we never
learn what electricity is, if, like life or like matter, it

should remain an unknown quantity, we shall assuredly
discover more about its attributes and its functions.

The light which the study of electricity throws upon a

variety of chemical phenomena—witnessed alike in our
little laboratories and in the vast laboratories of the earth
and the sun— cannot be overlooked. The old electro-

chemical theory of Berzeiius is superseded, and a new
and wider theory is opening out. The facts of electro-

lysis are by no means either completely detected or

co-ordina;ed. They point to the great probability that

electricity is atomic, that an electrical atom is as definite

a quantity as a chemical atom. The electrical attraction

between two chemical atoms being a trillion times greater
than gravitational attraction is probably the force with

which chemistry is most deeply concerned.
It has been computed that, in a single cubic foot of the

ether which fills all space, there are locked up 10,000
foot-tons of energy which have hitherto escaped notice.

To unlock this boundless store and subdue it to the

service of man is a task which awaits the electrician of

the future. The latest researches give well-founded hopes
that this vast storehouse of power is not hopelessly
inaccessible. Up to the present time we have been ac-

quainted with only a very narrow range of ethereal vibra-

tions, from extreme red on the one side to ultra-violet on
the other—say from 3 ten-millionths of a millimetre to 8

ten-millionths of a millimetre. Within this comparatively
limited range of ethereal vibrations, and the equally
narrow range of sound vibrations, we have been hitherto

limited to receive and communicate all the knowledge
which we share with other rational beings. Whether
vibrations of the ether, slower than those which affect us
as light, may not be constantly at work around us, we
have until lately never seriously inquired. But the re-

searches of Lodge in England, and Hertz in Germany,
give us an almost infinite range of ethereal vibrations or

electrical rays, from wave-lengths of thousands of miles

clown to a few feet. Here is unfolded to us a new and

.istonishing universe—one which it is hard to conceive

should be powerless to transmit and impart intelligence.

Experimentalists are reducing the wavelengths of the

electrical rays. With every diminution in size of the

NO. I 151, VOL. 45]

apparatus the wave-lengths get shorter, and could we
construct Leyden jars of molecular dimensions the rays

might fall within the narrow limits of visibility. We do
not yet know how the molecule could be got to act as a

Leyden jar ; yet it is not improbable that the discon-

tinuous phosphorescent light emitted from certain of the

rare earths, when excited by a high-tension current in a

high vacuum, is really an artificial production of these

electrical rays, sufficiently short to affect our organs of

sight. If such a light could be produced more easily
and more regularly, it would be far more economic il

than light from a flame or from the arc, as very little ot

the energy in play is expended in the form of heat rays.
Of such production of light, Nature supplies us with

examples in the glow-worm and the fire-flies. Their

light, though sufficiently energetic to be seen at a con-
siderable distance, is accompanied by no liberation of

heat capable of detection by our most delicate instru-

ments.

By means of currents alternating with very high fre-

quency, Prof. Nikola Tesla has succeeded in passing by
induction through the glass of a lamp energy sufficient to

keep a filament in a state of incandescence without the

use of connecting wires. He has even lighted a room by
producing in it such a condition that an illuminating

appliance may be placed anywhere and lighted without

being electrically connected with anything. He has pro-
duced the required condition by creating in the room a

powerful electrostatic field alternating very rapidly. He
suspends two sheets of metal, each connected with one of

the terminals of the coil. If an exhausted tuba is carried

anywhere between these sheets, or placed anywhere, it

remains always luminous.
The extent to which this method of illumination may

be practically available experiments alone can decide.

In any case, our insight into the possibilities of static

electricity has been extended, and the ordinary electric

machine will cease to be regarded as a mere toy.

Alternating currents have at the best a rather doubtful

reputation. But it follows from Tesla's researches that as

the rapidity of t^ie alternation increases they become not

more dangerous but less so. It further appears that a true

flame can now be produced without chemical aid—a
flame which yields light and heat without the consumption
of material and without any chemical process. To this end
we require improved methods for producing excessively

frequent alternations and enormous potentials. Shall we
be able to obtain these by tapping the ether ? If so, we

may view the prospective exhaustion of our coal-fields

with indifference
;
we shall at once solve the smoke ques-

tion, and thus dissolve all possible coal-rings.

Electricity seems destined to annex the whole field not

merely of optics, but probably also of thermotics.

Rays of light will not pass through a wall, nor, as we
know only too well, through a dense fog. But electrical

rays of a foot or two wave-length of which we have spoken
will easily pierce such mediums, which for them will be

transparent.
Another tempting field for research, scarcely yet at-

tacked by pioneers, awaits exploration I allude to the

mutual action of electricity and life. No sound man of

science endorses the assertion that "electricity is life" ;

nor can we even venture to speak of life as one of the

varieties or manifestations of energy. Nevertheless elec-

tricity has an important influence upon vital phenomena,
and is in turn set in action by the living being —animal
or vegetable. We have electric fishes—one of them the

prototype of the torpedo of modern warfare. There is

the e'ectric slug which used to be met with in gardens
and roads about Hornsey Rise

; there is also an electric

centipede. In the study of such facts and such relations

the scientific electrician has before him an almost infinite

field of inquiry.
The slower vibrations to which I have referred reveal
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the bewildering possibility of telegraphy without wires,

posts, cables, or any of our present costly appliances. It

is vain to attempt to picture the marvels of the future.

Progress, as Dean Swift observed, may be too fast for

endurance. Sufficient for this generation are the wonders
thereof.

GEOLOGICAL PHOTOGRAPHS.

AT the meeting of the British Association in 1889,
a Committee was appointed for the purpose of

arranging for the collection, preservation, and systematic

registration of photographs of geological interest in the

United Kingdom. Since its formation, the Committee
has succeeded in obtaining a number of photographs,
588 of which were received and registered up to August
last ; and in its second report, presented at the Cardiff

meeting of the British Association, the Committee was
able to state that, in the choice of subjects, greater care

had been taken during the year to include the most typical
views. As yet, only about half of the British counties

are represented in the collection, while some are still

represented inadequately. The work is one of great in-

terest and importance, both from a scientific and an
educational point of view, and it may be hoped that

local Societies and Field Clubs, whose co-operation the

Committee is particularly anxious to secure, will every-
where associate themselves with the scheme, and do what

they can to bring it to completion. The Committee, in a
circular just issued, suggests that these Societies and
Clubs might materially aid the scheme by mapping out

their districts under the direction of a local geologist,
and drawing up a list of sections and localities of which

photographs would be desirable. New sections and

exposures of strata should be noted. This preliminary
work could be done during the winter session, and

arrangements made for the use of the camera in the

ensuing spring, or when opportunity offered.

In its report, the Committee refers especially to the

work accomplished by the Geological Photographic Com-
mittee of the Yorkshire Naturalists' Union. Among the

photographs of this Society are many relating to sections

which cannot be reproduced
—

as, for instance, fossil trees

laid bare in quarrying and in excavations for the founda-
tions of buildings now covered over. The Hertfordshire
Natural History Society and the East Kent Natural

History Society have also organized schemes for the

photography of local geological features ;
and the Com-

mittee has already received from them views which, it

is hoped, will be supplemented by a further series next

year.
Of course it is not always easy to obtain the services

of a professional photographer, but it,^ Societies should
have much difficulty in securing the help of amateur

photographers, so many of whom are now to be found
in all parts of the country. In order that there may be

unity of action, the Committee has drawn up a set of

instructions, copies of which may be obtained on applica-
tion to the secretary, Mr. Osmund W. Jeffs, 12 Queen's
Road, Rock Ferry, Cheshire. It is pointed out that

the photographs should illustrate characteristic rock ex-

posures, especially those of a typical character or tem-

porary nature ; important boulders ;
localities affected

by denudation, or where marked physiographical changes
are in operation ; raised beaches ; old sea-cliffs and other

conspicuous instances of marine erosion ;
characteristic

river-valleys or escarpments, and the like ; glacial pheno-
mena, such as roches inoutonnees, moraines, drums, and
kames

;
or any natural views ofgeological interest. Photo-

graphs of microscopical sections and typical hand-speci-
mens of rocks are also admissible.

Detailed lists of photographs officially received are

published in the report of the Committee, which also
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states where the photographs may be obtained. Lists

for insertion in the third report will be received up to

June 15, 1892.
It is satisfactory to find that geological photographic

schemes similar to that of the British Association are

being adopted in other countries. The Committee, in its

second report, alludes to the action taken in the matter

by the Soci^t^ G^ologique de Belgique, and to the Com-
mittee of Photographs appointed by the Geographical
Society of America. The American Committee proposes
to prepare lists for international exchange.

NOTES.
After a rather prolonged delay, the Commission for the

delimitation of the Anglo-French frontier in the neighbour-

hood of Sierra Leone, in accordance with the West African

agreement between Great Britain and France of August 10,1889,

has been appointed. Captain Kenney, R.E.
,
the British Com-

missioner, with his party, proceeded to Sierra Leone by the

steamer of November 14 last. The Secretary of State for the

Colonies permitted the Director of Kew to nominate a botanist

to accompany the expedition, and the Government Grant Com-
mittee of the Royal Society made a grant to meet his expenses,

part of which will also be borne by the Government of Sierra

Leone. The mission has been undertaken by Mr. G. F.

Scott-Elliot, M.A. Camb., B.Sc. Edinb., F.L.S., who has

recently published in the Journal of the Linnean Society an

account of the new species of plants found by him in a journey

through a little known part of Southern Madagascar. The

botany of the interior of Sierra Leone is very little known, but

is believed to be of great interest. The Commission will be

absent about six months. It will proceed in the first instance to

Falaba, and then proceed to the point of intersection of the

loth parallel of North latitude and the 13th meridian (French)

of West longitude.

We understand that Prof. Hennessy, F.R.S., will shortly

resign the Chair of Applied Mathematics and Mechanism in the

Royal College of Science, Dublin. The salary of the post is

_^400, rising to ;i^5oo, a year, with a share of the fees. The

appointment rests with the Lord President of the Council, and

applicants should address themselves to the Secretary, Science

and Art Department.

The arrangements to be made for the Crystal Palace Electrical

Exhibition are to be discussed at a meeting of the honorary
council of advice and of the special committee appointed by the

Electrical Section of the London Chamber of Commerce. The

meeting will be held at the Mansion House on Wednesday,
November 25, at 3 o'clock. The Lord Mayor will preside.

The whole of the space is now practically allotted, extra build-

ings having been erected for certain large installations which

could not otherwise have been accommodated.

A Committee has been appointed by the American Institute

of Electrical Engineers to suggest plans for the International

Electrical Congress to be held in Chicago in 1893, in connec-

tion with the W^orld's Fair. A local Committee, with Prof.

Gray as President, is being formed at Chicago for the purpose
of making preparations for the same Congress. The Chicago

journal Electricity sees no reason "
why a perfectly harmonious

arrangement should not be made between the Institute and the

local Committee, whereby both will work together to promote
the success of the Congress."

The Spanish Government intend to open two Exhibitions in

September 1892 in celebration of the fourth centenary of the

discovery of America. One of these will be at Madrid, and will

be called the Exposition Historique Americaine de Madrid. Tlie
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other, at Huelva, will be called the Exposition Historique Euro-

peenne de Madrid. The former should have considerable interest

for anthropologists, as it has for its object, according to the official

programme,
" de presenter de la maniere la plus complete I'etat

oil se trouvaient les differentes contrees du Nouveau-Continent

avant I'arrivee des Europeens et au moment de la conquete,

jusqu'a la premiere moitie du XVIP siecle." It will comprise

objects, models, pictures, &c., illustrating the customs and

civilization of the peoples at that time inhabiting America.

We greatly regi-et to have to record the death of Prof. Henry
N. Moseley, F. R. S. He died on November lo, at the age of

forty-six. We hope next week to give some account of his

services to science.

Dr. Oscar Baumann is about to undertake a series of ex-

plorations in the interest of the German East Africa Company.
In the German Masai territory there are, he says, in a letter to

Globus, many regions about which little is known
; and about

these he hopes to bring back much fresh light. He proposes to

study the conditions which must be taken into account by pro-

jectors of railways, and, if possible, to open a direct caravan

route to Lake Victoria.

In the course of his interesting presidential address at the

meeting of the Institution of Civil Engineers last week, Mr.

Berkley referred to the production of iron in the United States.

The most conspicuous difference between American and

English practice, he said, was the output from one blast

furnace. The largest production in Great Britain did not

seem to exceed 750 tons in the week, while in America it

had reached 20CO tons. It might be questioned whether this

large output from a single furnace was not obtained at some

sacrifice of economy of fuel used and of wear and tear of

furnace. The production of pig- iron in the United States now
amounted to io,cx)o,ooo tons, or 2,ooo,oco tons more than that

of the United Kingdom. This amount was wholly used within

the country, showing a larger quantity of iron used per head of

the population (3CX) pounds) than in any other part of the world.

In Great Britain, after deducting from its production of iron

the quantity exported, the consumption only equalled 250 pounds

per head of the population.

The lecture season at the London Institution, Finsbury

Circus, was opened on Monday evening with a lecture by Sir

M. E. Grant Duff on " Some of our Debts to the East."

The barometric depression on November 11, according to

Mr. G, J. Symons, has been exceeded only five times in the 34

years during which he has been making meteorological observa-

tions. In a letter to the Times Mr. Symons says that as he

anticipated some such depression, he started the Richard

brontometer at 6.30 a.m., and kept it running for 10 hours—
i.e. through the chief part of the depression. This, at the cost

of a little trouble and a roll of paper, gave him a record of the

motion of the barometer such as had never before been obtained

— somewhere about 60 feet long
—and with every little pulsation

shown in detail, even if it lasted only two seconds.

We have received the meteorological year-book published

by the Madgeburg Zeituitg for 1890, being the tenth year for

which the observations have been made on a uniform plan. In

addition to observations taken three times daily, the volume

contains hourly values of pressure and wind, and continuous

records of sunshine ; also, curves of pressure and temperature
for those periods of exceptional weather during which the

ordinary hourly values would fail to represent the details of the

oscillations—a plan which seems highly commendable. The
whole work is very complete and compact.
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The Deutsche Seewarte has publibhed a catalogue of its

valuable library, containing entries of 10,660 works and

excerpt papers in various subjects, about a quarter of which

refer to meteorology. The library has been enriched by the

acquisition of the books which formerly belonged to Prof. Dove
and other eminent men. This laborious undertaking has been

carried out with great care, and is classified under subjects and

authors. Some difficulty has been experienced in dealing with

a few English authors ; e.g., on p. 67, Balfour Stewart is entered

under the Christian name, and on p. 160, Powell is entered as

the Christian name of Baden-Powell. And the works issued by
institutions are not always sufficiently distinguished from those

which are due to individual writers ; e.g., on p. 5, Sir Thomas
Farrer is credited with a work on "

Telegraphic Weather In-

formation
"—of which, probably, he would have no recollection,

it being merely a circular signed in his capacity as Secretary of

the Board of Trade. But these are mere trifles, and in no way
detract from the value of the work as a whole, for which the

scientific world will be grateful.

Mr. Albert Koebele, the American entomologist, is

travelling in the Australasian colonies for the purpose of study-

ing the enemies of insect pests. In introducing him to the

Wellington Philosophical Society at a meeting on September 23,

Sir James Hector recalled the circumstances connected with a

memorable service which Mr. Koebele lately rendered to Cali-

fornia. In 1888, when on a visit to South Australia in search

of a small fly (Testophonus), a parasite on that dreadful pest

Icerya purchasi, Mr. Koebele discovered a single ladybird

(Vedalia) preying on the pest. He found a second specimen in

New South Wales, and then on his arrival in New Zealand he

found that the Icerya about Auckland was also being destroyed by

something, and this, too, turned out to be Vedalia. Heat once

saw that here was the thing he sought, and he was fortunate

enough to be able to collect several thousands of Vedalias,

which he afterwards liberated in California. Up to that time

California had been so eaten up by Icerya that the damage was

estimated at twenty millions of dollars annually. Yet, in

twelve or fifteen months after the liberation of Vedalia in April

1889, the State was practically free from the dreaded pest. Sir

James Hector rightly characterized this work of Mr. Koebele as

one of the grandest things in the interest of fruit and tree-

growers that have been effected in modern times.

Prof. G. L. Goodale, of Harvard University, has recently

paid a visit to the Museums and Botanical Gardens in the

tropics and in the southern hemisphere, and has contributed an

interesting description of them to the American Journal of

Science. In the number for October we find an account of the

Technological Museum at Sydney, which contains a very com-

plete collection of the economic vegetable products of Aus-

tralia, and which is largely visited by the working classes ; of

the two Botanic Gardens at Brisbane, one of them under the

management of the Society of Acclimatization ; the Botanic

Gardens at Geelono', Dunedin, Christchurch, and Wellington ;

the Museums at Dunedin, Christchurch, Wellington, and

Auckland ; and the small but excellent local Museum and

Garden at Hobart. Prof. Goodale notices, with ommendation,
the tenacity with which all the Australian Museums cling to

rare specimens of archaeological and ethnographical interest,

instead of utilizing them for exchange.

Messrs. Macmillan and Co. have published the first num-

ber of the Record of Technical and Secondary Education, a

bi-monthly journal of the progress made by County Councils

and other local authorities in the administration of the Technical

Instruction Acts. The periodical is issued on behalf of the

National Association for the Promotion of Technical and

Secondary Education. Lord Hartington contributes an intro-
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ductory statement, in which he sets forth briefly the objects of

the Record. It will, he says, be of a strictly practical character,

and will not interfere with any educational journal now in cir-

culation. It will
"
give the latest information, not only with

respect to what is being done in this Kingdom, but also in

regard to such educational work on the Continent and in Ame-

rica as may be of service to those who are engaged in carrying

out schemes of technical instruction." The Record may become

a journal of great value, and we trust there will be a cordial

response to Lord Hartington's appeal to the members of the

County Councils, their organizing secretaries, and others inter-

ested in the work, to supply the Committee with early "and

regular information as to what is being done in their several

centres. The present number contains, besides Lord Harting-

ton's statement, County Council schemes and reports relating

to Oxfordshire, Surrey, Bedfordshire, Lancashire, Birmingham,
and Aberdeen ; details regarding Scholarship schemes in the

West Riding and Somerset ; notes on the work of the counties

and county boroughs ; miscellanea ;
and reviews.

There are not many remains of the ancient Mexican feather-

work which excited the surprise of the Spanish conquerors of

the New World. The most famous surviving specimen is the

standard, described by Hochstetter, which is now in the Vienna

Ethnographical Museum. Another specimen has lately been

discovered by Mrs. Zelia Nuttall in the Schloss Ambras, near

Innsbruck. It is mentioned in an inventory, drawn up in 1596,

of the treasures of the castle. This very valuable relic is the

decorative part of a round shield made of interlaced reeds, and

consists of feather-mosaics representing a monster, the contours

of which are fastened by strips of gold. Formerly the shield

was adorned with costly quetzal feathers, only small fragments
of which survive. Globus, which has an interesting note on the

subject, speaks of similar old Mexican shields in the Stuttgar

Museum, and refers to a statement of Stoll to the effect that

beautiful feather-ornaments are still made by the Indians of

Guatemala.

In the Report of the U.S. National Museum for 1884, Prof,

O. T. Mason published a short paper on the throwing-siicks of

the Eskimo. The use of a like device for the throwing of spears
and harpoons was formerly well known in Mexico ; and I'rof.

Mason has written to Science to say that he lately received from

Lake Patzcuaro, in Mexico,
"

a modern altatl, well worn and

old-looking, accompanied with a gig for kiUing ducks." The

apparatus, which was bought from the hunter by Captain J. G
Bourke, U.S.A., has been placed in the National Museum,
The thrower is 2 feet 3 inches long, and has two finger-holes,

projecting, one from the right, one from the left side. The gig
consists of three iron barbs, exactly like the Eskimo trident for

water-fowl. "The problem now is," says Prof. Mason, "to
connect Alaska with Patzcuaro."

A PAMPHLET on "The Dwarfs of Mount Atlas," by Mr. R, '\

G. Haliburton, has been published by Mr. David Nutt. Along
with it are printed portions of the paper on the subject read by

|

Mr, Haliburton before the recent Oriental Congress. His views
|

are accepted by Sir J. Drummond-Hay, who represented Great
Britain in Morocco for over forty years, and by Mr. Hunnot,
our Consul at Saflfi. There is, of course, no inherent improb-
ability in the statement that there are tribes of dwarfs to the

south of Mount Atlas, Such tribes are known to exist else-

where in Africa, and they may exist in the regions where Mr.
Haliburton thinks he has discovered them. The question is

one of evidence. Even if dwarfs have many settlements there,
it does not follow that there is any solid foundation for Mr.
Haliburton's theories as to the part their race has played in

the evolution of mythology. Still the suggestion is an interest-

ing one,
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In the report on "
Oysters and Oyster-Fisheries of Queens-

land," to which we referred last week, Mr. Saville-Kent presents

quite an idyllic picture of the circumstances of those who devote

themselves in Queensland to the culture of "bank oysters"
—

that is, oysters which spread over extensive level banks that are

more or less uncovered at low water. He says that "
probably

in no other country in the world is so healthy, congenial, and

unlaborious a means of earning a substantial competency open
to, and turned to practical account by, all c'asses as that of

bank oyster culture in the Queensland oyster-producing districts

of Moreton or Wide Bays. With a nominal rental payable for

the ground cultivated and occupied for a homestead, a climate

that permits of dispensing with all but the most necessary form

of raiment, and fish procurable in such abundance as to sub-

stantially minimize the butcher's bill, no more perfect terrestrial

Elysium is probably at the disposal of small capitalists having
sufficient means for the supply of their most immediate neces-

sities during that first year or two that must elapse before their

oyster-crops have increased to a remunerative extent."

Mr. Charles Chilton contributes to the new number of the

Records of the Australian Museum (vol. i. No. 8) an ex-

cellent paper on a new and peculiar freshwater "Isopod''
from Mount Kosciusko, Towards the end of 1889, Mr.

Chilton received from the trustees of the Australian Museum,

Sydney, a small collection of Australian Crustacea, containing,

among others, some terrestrial and fresh -water species collected

by Mr. R. Helms while on an expedition to Mount Kosciusko

on behalf ofthe Museum. Among these Mr. Chilton at once saw

that one was quite different from any of the terrestrial and fresh-

water Crustacea previously described from Australia, and that it

belonged to a genus Phreatoicus established by himself in 1882,

for a peculiar blind subterranean Isopod found in wells in Can-

terbury, New Zealand. This genus was of special interest, both

because of the situation in which the original species was found,

and because it combined characters belonging to several different

families, and was also, to some extent, intermediate between the

Isopoda and the Amphipoda. The discovery of a species belong-

ing to the same genus in such a widely remote situation as Mount

Kosciusko, and living under such dififerent conditions, was there-

fore of peculiar interest ;
and Mr. Clulton thinks that it will

probably have an important hearing on the difficult question of

the origin of the blind subterranean forms. In the paper in the

Records \i^ (Xo&'s, x\oi enter upon this question, but he hopes to

do so on a future occasion, when describing more fully the sub-

terranean forms from New Zealand.

Messrs. Macmillan and Co. have issued the fifth edition,

revised, of Part IV. of Prof. M. Foster's "Text-book of

Physiology." This completes the work, with the exception of

the appendix, which differs so widely in character from the rest

of the book that it seemed desirable to issue it separately. It

will be published very shortly.

Some time ago the Department of Agriculture in New South

Wales included in its list of economic plants suitable for cultiva-

tion in the north-eastern portion of the colony the " Avocado "
or

"
Alligator pear" (Persea gratissima, Gaertn.). Several inquiries

about it havingsince been made, Mr. F.Turnerprovides an account

of the plant, with an illustration, in the August number of the

Agricultural Gazette of New South Wales. Unless it is grown
in very sheltered situations, the climate of Sydney is too cold for

its successful cultivation as a commercial crop ; but Mr. Turner

thinks that on the northern rivers of New South Wales it should

bear fruit as prolifically as it dots in Southern Queensland.
Some years ago, in the Brisbane Botanic Gardens, a fine Alligator

pear-tree bore annual crops of very fine fruit, and it may do so

still. When Sir W. W. Cairns was Governor of Queensland,
he often asked Mr. Turner for son e of the fruit when it was in
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season, and Mr. Turner kept him well supplied, for at that time

no one seemed to care much for it. His Excellency told Mr.

Turner he was very fond of the fruit for breakfast, and he used

to eat it spread on bread and butter, with pepper and salt added

to give it zest, and in various other ways. Mr. Turner did not

care for the fruit at first, but afierwards became as fond of it as

his tutor. So we are not unlikely to hear of the Alligator pear

by-and-by as a popular Australian product.

Messrs. J. B. Bailliere et Fils, Paris, have lately added

some good volumes to their well-known Bibliotheque des Con-

naissances Utiles. In one of them—" La Peche et les Poissons

des Eaux Douces ''—M. Arnould Locard presents a clear and

interesting summary of the various classes of facts which must

be understood by all who desire to become expert in the art of

fishing in fresh waters. M. Lacroix-Danliard contributes a

volume on " La Plume des Oiseaux," dealing with the birds

whose feathers are utilized by man, and with the industrial

processes to which the demand for feathers has given rise. A
useful volume on '=Les Plautes d'Appartement et les Plantes

de Fenetres" is contributed by M. D. Bois.

Under the title "Bibliotheca Accipitraria," Mr. J. E.

Harting has on the eve of publication a bibliography of fal-

conry, with critical notes. It deals with 378 works in various

languages, ancient and modern, and will be illustrated with

portraits of famous falconers by Holbein, Titian, Vandyck,

Frans Floris, Gerhardt, and other masters. The volume con-

cludes with an English gl ossary, and a vocabulary, in seven

languages, of the technical terms used by falconers.

An important treatise on Salt-Range fossils has been issued

in the series entitled
"
Palseontologia Indica," which contains

figures and descriptions of the organic remains procured during

the progress of the Geological Survey of India. Prof. Waagen,

the author of the treatise, in concluding it says he has tried to

make it as useful as possible both to Indian geology and to

geological science in general.

Mr. Stuart A. Russell's new work on electric light

cables and the distribution of electricity will be issued shortly

in Messrs. Whittaker's "
Specialists' Series."

Messrs. Dulau and Co. have issued a catalogue of zoologi-

cal and palaeontological books which they offer for sale. It

includes the following
"

parts
"—Natural history publications of

the British Museum ; Protozoa, Bacteria ; Ccelenterata.

The last volume of the Memoirs of the Statistical Section of

the Russian Geographical Society contains an interesting work

by M. Borkovsky, who has devoted more than twenty-five years

of his life to the study of the grain-production of Russia, and the

directions in which cereals are transported within Russia both

for export and for home consumption. The results totally upset

the current theory as to Russia being a granary of Europe, and

are grimly confirmed by the famine which now prevails in

several provinces of the empire. It appears from M. Bor-

kovsky's figures and maps that Russia may be divided into two

parts, strictly dependent on her orographical structure : one of

them, which corresponds to the south-eastern slope of the broad

swelling which stretches across the country from south-west to

north- east, has an excess of grain during the years of good crops,

which excess sometimes exceeds twice or thrice the wants for

local use. But there is also another part
—the north-western

one—which always has less corn than is wanted for its popula-

tion. Taking the years 1882-85, which were years of average

crops, a line traced from Kieff to Nijni-Novgorod and further

north-east divides Russia into two almost equal parts, of which

the south-eastern exports wheat and rye into the north-western
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part to the amount of no less than 710,000 tons of wheat and

508,000 tons of rye, the exports to foreign countries attaining at

the same lime the respective figures of 1,780,000 and 1,029,600

tons. Taking into account the respective populations of the two

regions, and the amount of corn consumed by the distilleries

(which does not exceed 14 English pounds per inhabitant), M.

Borkovsky shows that the total consumption of wheat and rye

attains only the figure of 437 pounds per inhabitant (109 pounds
of wheat) in the exporting region, and the still lower figure of

382 pounds (46 pounds of wheat) in the region which imports

corn. The average consumption throughout Russia thus attains

only 430 pounds per inhabitant, out of which 14 pounds must be

deducted for the use of the distilleries. These figures will cer-

tainly seem very low if it is remembered that the great mass of

the Russian peasants consume extremely small quantities of

meat—bread being their chief and almost exclusive food. It

appears, moreover, that if Russia exported no grain at all, and

the whole of the crop of cereals were consumed within the

country, the average consumption would nearly approach the

average consumption in France—that is, 505 English pounds on

an average year ; while the surplus obtained during years of ex-

ceptionally good crops would only cover the deficit during the

bad years, which recur in the steppes of South- East Russia with

almost the same regularity as in India, i.e. every ten to twelve

years.

An important paper is contributed by M. Moissan to the cur-

rent number of the Comptes rendus describing two interesting

new compounds containing boron, phosphorus, and iodine. A
few months ago M. Moissan succeeded in preparing the iodide

of boron (comp. Nature, vol. xliii. p. 565), a beautiful sub-

stance of the composition BI3, crystallizing from solution in

carbon bisulphide in pearly tables, which melt at 43° to a liquid

which boils undecoiuposed at 210°. When this substance is

brought in contact with fused phosphorus an intense action

occurs, the whole mass inflames with evolution of violet vapour of

iodine. Red phosphorus also reacts with incandescence when
heated in the vapour of boron iodide. The reaction may, how-

ever, be moderated by employing solutions of phosphorus and

boron iodide in dry carbon bisulphide. The two solutions are

mixed in a tube closed at one end, a little phosphorus being in

excess, and the tube is then sealed. No external application of

heat is necessary. At first the liquid is quite clear, but in a few

minutes a brown solid substance commences to separate, and in

three hours the reaction is complete. The substance is freed

from carbon bisulphide in a current of carbon dioxide, the last

traces being removed by means of the Sprengel pump. The

compound thus obtained is a deep-red amorphous powder, readily

capable of volatilization. It melts between 190° and 200°. When
heated in vactto it commences to volatilize about 170°, and the

vapour condenses in the cooler portion of the tube in beautiful

red crystals. Analyses of these crystals agree perfectly with the

formula BPL. Boron phospho-di-iodide is a very hygroscopic

substance, moisture rapidly decomposing it. In contact with a

large excess of water, yellow phosphorus is deposited, and

hydriodic, boric, and phosphorous acids formed in the solution.

A small quantity of phosphoretted hydrogen also escapes. If a

small quantity of water is used a larger deposit of yellow phos-

phorus is formed, together with a considerable quantity of

phosphonium iodide. Strong nitric acid oxidizes boron phospho-
di-iodide with incandescence. Dilute nitric acid oxidizes it to

phosphoric and boric acids. It burns spontaneously in chlorine,

forming boron chloride, chloride of iodine, and pentachloride of

phosphorus. When slightly warmed in oxygen it inflames, the

combustion being rendered very beautiful by the fumes of boric

and phosphoric anhydrides and the violet vapours of iodine.

Heated in contact with sulphuretted hydrogen, it forms sulphides
of boron and phosphorus and hydriodic acid, without liberation
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of iodine. Metallic magnesium when slightly warmed reacts

with it with incandescence. When thrown into vapour of mercury,

boron phospho-di-iodide instantly takes fire.

The second phospho-iodide of boron obtained by M. Moissan

is represented by the formula B PI. It is formed when sodium

or magnesium in a fine state of division is allowed to act upon

a solution of the di-iodide just described in carbon bisulphide ;

or when boron phospho-di-iodide is heated to i6o° in a current

of hydrogen. It is obtained in the form of a bright-red powder,

somewhat hygroscopic. It volatilizes in vacuo without fusion at

a temperature about 2 10°, and the vapour condenses in the cooler

portion of the tube in beautiful orange-coloured crystals. When
heated to low redness it decomposes into free iodine and phosphide
of boron, BP. Nitric acid reacts energetically with it, but

without incandescence, and a certain amount of iodine is

liberated. Sulphuric acid decomposes it upon warming, with

formation of sulphurous and boric acids and free iodine. By the

continued action of dry hydrogen upon the heated compound the

iodine and a portion of the phosphorus are removed, and a new

phosphide of boron, of the composition B5P3, is obtained.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey {Macacus cynomolgus 6 )

from India, presented by Mr. James Hammond; two Pink

footed Geese {Anser brachyrhynchus), British, presented by Mr.

Cecil Smith, F.Z. S. ; two Tuberculated Tortoises {Homopus

femoralis) from South Africa, presented by the Rev. G. H. R.

Fisk, C.M.Z.S., ; two White-tailed Sea-Eagles {Ha'.iaehis

albicilla), European, purchased.

OUR ASTRONOMICAL COLUMN.
Theory of Astronomical Aberration. —An interesting

point connected with astronomical aberration was raised by M.
Mascart in a paper presented to the Paris Academy of Sciences

on November 2. It would at fir^t appear that if observations

demonstrated that the constant of aberrati n had precisely the

same value for all stars, the velocity of light in space must be

uniform. This interpretation, however, seems open to ob-

jections. Eclipses of Jupiter's satellites furnish a m.ethod for

determining the velocity of light in the space contained within

the earth's orbit, and, as is well known, the results obtained in

this manner agree very well with those deduced from experi-
ments made on the surface of the earth. But astronomical
aberration depends only upon the relation of the velocity of the

observer to that of the light in the region occupied by the

instrument, and is unaffected by any variations in the velocity
of propagation of the light-waves between the object observed
and the earth. A real difference in the constant of aberration

given by different stars would therefore indicate that the velo-

city of light was not uniform in the parts of space traversed

by the earth. From this reasoning, M. Mascart is led to con-

clude that the values derived from the experiments, direct and

astronomical, made to determine the velocity of light, should

V)e limited to the space contained within the terrestrial orbit.

The induction is certainly a legitimate one, and it must be

admitted that to consider the velocity of light in interstellar

space as uniform is to rely entirely on hypothesis.

SUGGESTIONS FOR SECURING GREATER
UNIFORMITY OF NOMENCLATURE IN
BIOLOGY^

/""OMPLAINTS are constantly being made, not only by lay-
^-' men but by actual workers in science, of the increasing

complexity of modern terminology. The fact is indisputable,
but is it altogether to be regretted ? Is it not rather the outward

expression of fuller knowledge and clearer conceptions ? If so,

' A Paper read before Section D (Biology) of the Australasian Association
for the Advancement of Science, Christchurch, N.Z., by T. Jeffery Parker,
B.Sc, F.R.S., Professor of Biology in the Llniversity of Otago, January
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the complaints of those indolent persons who wish to gain a

"general knowledge" of the subject with the least possible
trouble to themselves are worthy of no more consideration

than those of the landsman out yachting, of whom Mr. Hamer-
ton writes :

—
"You cannot speak of anything on board without employing

technical terms which, however necessary, however unavoidable,
will seem to him a foolish and useless affectation by which an
amateur tries to give himself nautical airs. If you say

' the

main-sheet,' he thinks you might have said more rationally and

concisely,
' the cord by which you pull towards you that long

pole which is under the biggest of the sails,' and if you say 'the

starboard quarter,' he thinks you ought to have said, in simple
English,

'
that part of the vessel's side that is towards the back

end of it and to your right hand when you are standing with

your face looking forwards.'"

As a modern yacht or ironclad requires a more elaborate

terminology than a fishing-boat or a trireme, so it is necessary
that the exact morphology of to-day

—to speak only of one
branch of biology

—should be weighted with a more extensive

nomenclature than was required for the simpler comparative ana-

tomy of former days. That many are repelled by the bristling
outwork of more or less barbarous Greek and Latin compounds is

undoubted, and is much to be regretted ;
but I quite fail to see

that it can be avoided as long as we have to deal with a compa-
ratively inflexible language like English. I would recommend

anyone who is deeply impressed with the evils of the present

system to try and translate a technical description of one of the

ordinary students' types
—

say an earthworm or a crayfish
—into

"plain English
"
without loss of conciseness or lucidity.

I think it may be taken as axiomatic that whenever the bounds
of knowledge are extended, either by the investigation of new
problems or by the re-examination of old ones with the aid of

improved methods and extended views, an elaboration of nomen-
clature is inevitable. Indeed, the introduction of an extended

terminology, either because of the discovery of new facts or of

the more accurate grouping of old ones, is a distinct gain ; it

emphasizes an actual advance in knowledge.
There are, however, certain undoubted evils connected with

the introduction of new terms which must have troubled all of us

at some time or other.

Two workers at a given subject living in different parts of the

world invent each a terminology of his own. Each system is

adopted by the inventor's own friends or countrymen, and no

attempt is made by the general body of biologists to give either

scheme official sanction—on grounds of priority or otherwise.

In this respect systematists have a great advantage ; if a given

specific or generic name can be shown to have priority, it takes

precedence of every other, however much more suitable the latter

may be. Morphological names, on the other hand, always run the

risk of being either ignored altogether, or ousted by others which,

although no more appropriate, and perhaps considerably later in

date, happen to be invented or adopted by some widely-read
author.

New terms are sometimes proposed without a due sense of

responsibility
—on inadequate grounds or even from mere love of

novelty ; and, on the other hand, the conservative tendency leads

to the continued employment of unsuitable terms when appro-

priate ones have been proposed in their place. New names are

often casually introduced in the body of a large and highly
technical paper, where they are certain to be seen by few ; and,

lastly, it frequently happens that such terms are inadequately
defined.

Unfortunately this state of things can hardly be remedied by
anything corresponding to the British Association's Rules, which
have proved so useful in systematic zoology and botany. In
these departments the appropriateness of a name is a matter of

little importance, but in morphological nomenclature suitability
is of far more importance than priority, and the most respect-
able and time-honoured terminology should never be allowed to

stand in the way of one by which homologies, mutual relations,

&c., are adequately expressed.
As morphology is essentially a progressive science, any attempt

to draw up hard and fast rules on nomenclature is for the most

part to be deprecated ; the fittest must be allowed to survive. I

think, however, that a few rules and definitions might be framed
and afforded the official sanction, say, of the British, American,
and Australasian Associations.

For instance, it is about time that we made up our minds as

to what exactly we mean by biology, whether the whole science
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of living things, or that department which deals with the mode
of life of organisms

—
habits, relation to the environment, &c. ;

the former use of the term is almost universal in English-

speaking countries, but many of the leading German writers

give it the other signification. Again, morphology ^si^ anatomy
are terms of fundamental importance, and zoologists and bota-

nists might surely agree upon a common definition for each. The
same applies to other terms common to the two sub-sciences,

ovary being the most flagrant example of divergence. To take
one more example, the word biogenesis was introduced by Prof.

Huxley to signify the origin of organisms from preexisting
organisms. Eiiner, in his recent work on organic evolution, uses

the term biogenetic laio for the law that individual recapitulates
ancestral development.

Another matter, which might certainly be settled once for all,

is the meaning to be attached to adjectives and prefixes denoting
position, such as dorsal and ventral, anterior and posterior,

proximal and distal, mesial and lateral, epi-, hypo-, pre-, post-,
&c. Such terms of position, although easy enough to apply in

most cases, are constantly being misused ; epipubis (hx pre-pubis)
is a modern and widely-used term ; the dorsal and ventral roots

of the spinal nerves are still frequently called anterior and pos-
terior, and the great body-veins the superior and inferior venae

cavK
;
and the botanical use of many terms of position {e.g.

the dorsal and ventral sutures of a carpel) is absolutely mean-

ingless.
Another step in the right direction would be the publication,

under the auspices of the British, American, and Australasian

Associations, the Anatomische Gesellschaft, and similar bodies,
of a glossary of biological terms, in which the history of the

word, its inventor, the precise sense in which he used it, and

any subsequent changes of meaning it may have undergone,
would be set forth. Such a glossary might, I think, be usefully

arranged under somewhat similar headings to those employed
in the Zoologischer yahresbericht, the whole work being of

course supplied with an alphabetical index. With a single

responsible editor, and a sub-editor for each department, the

work would not be one of insuperable difiiculty.
An even more practicable suggestion than the last, and one

which, although supplementary to, is not dependent upon it, is

that in such publications as the Zoological Record, the Journal
of the Royal Microscopical Society, and \\v& Zoologischer Jahres-
bericht, there should be a record of new terms as well as of new
species. The recorders who do the work of these publications
with such fidelity and success, would hardly find their labours

'

increased by noting down all the new terms used by the authors
in their various dejDartments, and placing them in a special list,

each being accompanied byname of author, date, and definition.

If this were done, we should have fewer instances both of useless

synonyms and of identical words being employed for totally dis-

tinct things. I do not think, for instance, that the body-cavity
of Peripatus would have been called a pseudoccele by Mr. Sedg-
wick, or a metaccele by Mr. Hatchett Jackson, if these writers

had had the means of knowing that the former term had been

previously applied by Dr. Burt Wilder to the so-called fifth

ventricle of the mammalian brain, and the latter to the fourth

ventricle.

Finally, matters would be very much improved if every author
who finds himself obliged to coin a word would notify the fact

in a conspicuous part of his paper, accompanying the term with
an adequate definition. One has only to point to Allman's

monograph on the Gymnoblastic Hydroids, or to Haeckel's

Report on the Deep- Sea Medusae, to give a practical instance

of the advantage of such a practice.

My proposals for promoting greater uniformity of nomencla-
ture in biology may therefore be summed up under three heads,
as follows :

—
1. The appointment of a strong international committee to

define terms of general and fundamental importance, such as

the subdivisions of biological science, terms common to zoology
and botany, terms denoting position, &c.

2. The issue of an authoritative historical glossary.

3. The systematic record of new terms.

METEORIC IRON.
'T'HE Annalen des k.k. naturh. Ho/museums, No. 2 of vol.

vi., contains a further contribution by E. Cohen and E.

Weinschenk to their interesting studies on meteoric irons.

By treating comparatively large masses in the cold with very

dilute hydrochloric acid (i in 20) so that the process of solution

was very slow, in some cases extending to several months, a

residue is left from which it is found possible to isolate several

more or less definite compounds, distinct from the freely soluble

main mass of the meteorite.

It is in the portion insoluble in the highly dilute acid, which
in some cases amounts to no more than 5 per cent, of thewliole,
that the main interest in analytical work on meteoric irons

centres. The patience and care involved in the separation of
its various constituents often find their reward in some interesting

discovery. As a typical example of the constituents into which
a meteorite may be separated by this treatment with dilute acid,

it will sufficci-to quote the percentage numbers obtained in the

case of a slice of the Magura iron. They are as follows :
—

Nickel-iron which passed into solution 92 "67 per cent.

Cohenite ... ... ... ... 4'00 ,,

Tsenite -f jagged fragments ... ... 0'I3 ,,

Schreibersite ... ... ... ... 0*09 ,,

Tsenite -I- cohenite ... ... ... 2*93 ,,

Non-magnetic residue ... ... ... o'i8 ,,

In most meteoric irons the soluble portion consists to a large
extent of a nickel-iron kamacite, which mainly constitutes the

broad layers of the Widmanstiitten figures seen on an etched

polished surface. The authors are of opinion, from a comparison
of various analyses, that this alloy has a constant composition re-

presented by the formula Fe^4Ni.
Cohenite, which occurs in very brittle tin-white crystals, has

at present been only found in the Magura iron. It was analyzed
and described in a previous paper by Dr. Weinschenk, who
found it to consist of a definite carbide of iron, nickel, and cobalt,

having the composition represented by the formula (FeNiCo)3C.
Very similar crystals in the Wichita iron were found to have the

composition represented by the formula (FeNiCo)4C, analogous
to the well-known spiegeleisen, Fe4C. Cohenite corresponds to

the carbide FcgC, which separates out in crystals when cast-iron

is slowly cooled between 600° and 700°. Many points of re-

semblance such as this between meteoric and ordinary cast-iron

appear to show that the conditions as regards temperature, &c.,

during their production must have^been very similar in the two^

cases.

Tsenite, occurring usually in thin silver-white lamellae ot

great toughness between the broader layers of kamacite, is a

nickel-iron, of which there appear to be two varieties, contain-

ing respectively about 65 and 73 per cent, of iron. Further

analyses, however, are necessary in order to determine its true

composition. The jagged and angular fragments of iron-black

colour were analyzed, and found to consist of a nickel-iron con-

taining about 7 per cent, of nickel, and were thus in all

probability identical with kamacite.

The phosphor-nickel-iron schreibersite is generally found in

large tabular crystals of tin-white colour. The new analyses
show that its composition may be represented by the formula

(FeNiCo)3P. In some meteorites a phosphor-nickel-iron
occurring in needles is found. This is the so-called rhabdite of

Rose. Whether it is identical or not with schreibersite has not

yet been decided, owing to the difficulty of obtaining pure
material. A non-magnetic residue, consisting chiefly of trans-

parent grains, the authors find is common in greater or less

amount to most meteoric irons. In such residues a great variety
of minerals have been identified with more or less certainty, such

as diamond, cliftonite (a graphitic pseudomorph after diamond),

quartz, tridymite, chromite, cordierite, garnet, corundum,

pyroxenes both rhombic and monoclinic, &c.

The aim of the authors in the present investigation was to

answer the following questions :
—How widely distributed is

cohenite ? Are schreibersite and rhabdite definite compounds ?

Has kamacite a constant composition ? Has taenite always the

same physical and chemical properties? What is the composi-
tion of the jagged fragments so generally left undissolved after

treatment of meteoric irons with dilute hydrochloric acid ? How
widely distributed are the transparent grains, as well as the

diamond, cliftonite, &c. ?

Unfortunately, owing to the fact that the present joint inves-

tigation had to be brought to a somewhat premature conclusion,
a definite answer to all of these questions could not be given.
We may, however, expect soon to hear more on the points still

left undecided, as the promise is made that the gaps in the pre-
sent investigation shall be filled up as soon as possible.

G. T. P.
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UNIVERSITY A>ID EDUCATIOXAL
INTELLIGENCE.

Oxford.—The first election to a Geographical Studentship
will he held at the end of Hilary Term 1892. The student at

the time of his election must have passed all the examinations

for his B. A. degree in the University of Oxford, but must not

be of more than eight years' standing from matriculation. Pre-

vious to his election he must have attended the lec'ures of the

Reader in Geography in at least two terms. Information as to

the conditions of tenure may be obtained from the Reader in

Geography.
The Report of the Delegacy of Non-Collegiate Students was

presented to Convocation on Wednesday. It shows that the

list of matriculations is rattier larger than in the preceding year,

but the total numSer of undergraduates has somewhat decreased.

The total number on the books (440) i-; the largest which has

yet been reached. Thirty-six took the B. A. degree, and nine-

teen the M. A. during the year. The Delegates notify tiiat they

admit, without examination, students in any special branch of

study who do not desire to pass through the Arts course, and

can show evidence of fitness for their special subject. Sixteen

students have availed themselves of this privilege during the

year. The balance-sheet appended shows that the financial

condition is satisfactory. The total receipts exceeded the ex-

penditure by ;^55o, and the accumulated balance in the hands

of the Delegacy at the close of the year was £22^3,.

Cambridge.—Mr. J. Macalister Dodds, of Peterhouse, has

been elected Chairman of the Examiners for the Mathematical

Tripos, Part I.

A petition from 2689 pe sons residing in New Zealan I has

been received by the Vice-Chancellor, ()raying that the Senate

will grant degrees to properly qualified women. The signatories
include Sir George Grey, K.C.B., formerly Governor of New
Zealand, most of the Ministers of the Colonial G )vernment,
and many professors and graduates of the University of New
Zealand.

Lord Wal>ingham, F.R.S., Hi.jh Steward of the University,
offers annually a gold medal to B.A.'s of not more than two

years' standing for the best monograph or essay giving evidence

of original research on any botanical, geological, or zoological

subject ; zoology being understood to include animal morphology
and physiology, and an essay on any subject of chemical physio-

logy being valued according to its physiological rather than its

chemical importance.

Mr. R. W. Stewart, B.Sc. (Lond.), has been appointed
Assistant Lecturer and Demonstrator in Physics at the Uni-

versity College of North Wales, Bangor.

SCIENTIFIC SERIALS.
The American Mdeo7-ological yournal for October con-

tains :
—A short memoir of the late Prof. W. Ferrel, by Prof.

A McAdie, with a complete list of his scientific contributions,
from 1853 to 1891 ;

his last paper, which appeared in our

columns in April 1891, was entitled
" The High-pressure Area

of November 1889 in Central Europe."
—The mineral waters of

N' nsilanti and other places in Michigan, by Dr. E, N. Brainerd.—
Cloud observations at sea, by Prof. C. Abbe. This is a pre-

liminary report relative to the principal features of the work
done by him during the recent cruise of the Pensacola to the

West Coast of Africa. A number of experiments were made to

determine the relative speed and direction of movement of the

various strata of air, by means of clouds and small balloons.

The experiments showed that the use of balloons is practicable
both on sea and land, and gives accurate results. The follow-

ing are some of the results of the author's observations : the

vertical circulation increases and the horizontal circulation

diminishes in the doldrums ; the horizontal movement is a

maximum at high latitudes ; the bases of the cumuli are lower

and their tops higher in the low latitudes ;
if there be any

general east wind in the upper regions at the doldrum it is above

the clouds, and therefore not observable.—The last article is by
Dr. Leudet, on the action of climates at elevated stations on

diseases of the chest.

Btilletin de VAcadimie des Sciences de St. Petersbourg, new
series, vol. ii., No. i.—On the scales of Holoplychins found in

Russia, by Dr. Rohon (French). The histology of the same is
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described, as also two new sp^cie3 : ^ Hd. vu-in^ and Hoi.

superbns.
—

Ichthyological notes from the Museum of the

Academy, by S. Herzenstein, being a description of the follow-

ing new species : Cottiis nivosus, Cenlridinnichthys alcicjrnis,

Hypsagonus gradiens, Stichceus grigoriewi, St. dictyjgraininiis,

C/iirolophusjaponicus, Pleiironectes obsciinis, PI. japonicus, PI.

bicoloratiis (incompletely described by Basilewsky), Hippoglossiis

grigoriewi, Alburniis charusini, and Ncniachilus kuschake-

witschi.—On the extraordinary pheno nena presented by the

great comet of 1882, by Th. Bredichin. After having given in

a preceding paper his reasons for considering the interior tube

of that comet as an anomalous tail, the author applies the same

explanation to the exterior tube.—On two new laws of celestial

mechanics, by H. Struve. In addition to the previously com-
municated results of observations made on the satellites of

Saturn with the 30-inch refractor, Prof. Struve points out the

remarkable relations which exist between the satellites Mimas
and Tethys on the one side, and Enceladus and Dione on the

other side. The observations of Mimas have shown that its

orbit has an inclination of 1° 26' on the equator of Saturn, and
that its nodes have a motion of 1° every day, so that by
the end of the year the orbit returns to its previous position ;

moreover, a considerable acceleration has been noticed in the

rotation of Mimas during the last few years. From these facts

M. Struve deduces the following law:—"Four times the

average movement of Tethys, minus twice the average move-

ment of Mimas, is always equal to the sums of the average
movements of the nodes of the orbits of Mimas and Tethys on

the equator of the planet." The same law may also be ex-

pressed in this way:—"(i) The conjunctions of Mimas and

Tethys always take place about a point which is situated half-

way between the ascending nodes of their orbits on the equator
of Saturn. They may move off this point for about 48°, and

this libration is performed in sixty-eight years. (2) The cori-

junctions of Enceladus and Dione always coincide with the peri-

saturn of Enceladus, or, at least, they must oscillate around this

point." Several important conclusions relative to the mass of

Rhea and that of the rings may be deduced from these laws.'

—On the genus Obelus (Eichwald), by A. Mickwitz.—On a

personal equation in photometric observations of stars, by E.

Lindemann.—The mammals of the Gan-su expedition of 1884-

87, by Eug. Bitchner (German). The few species of this very

interesting fauna which have been brought to St. Petersburg, ,

are described, the remainder being kept in the Museum of

Irkutsk.—On the rotation of Jupiter, by A. Belopolsky -(in

German). From a perusal of all available data, the author finds

the rotation-period to be equal to gh. 55m. in the latitudes

from 10" to 45°, while in the zone 0° to 5°, it is only 9h. 50m.-
On the Ammonites of the Artinsk strata, by A. Karpinsky

(German). The collection is derived from North-East Russia ; the

new species are : Pi-onorites postcarbonicns, Pr. pnvpennictis,

Parapronorites tenuis, Gastrioceras suessi, Agathiceras uralictim,

Popanoceras krasnopolskyi, and Thalassoceras gemtiiellaroi.
—On

a new process for separating iron-oxide from aluminium, by F.

Beilstein and R. Liither.—Chemical notes, by N. Beketoff.—
On the use of incandescent light for self-registering instruments, 1

by H. Wild.—On artificial amphibolite, by K. Khrusischoff. 1

In the Botanical Gazette for September and October, Mr. T,

Holm continues his series of articles on the minute comparative

anatomy of American grasses. Brief abstracts are given of the

botanical papers read at the Washington meeting of the

American Association for the Advancement of Science, and at

that of the Botanical Club of the same Association. Other

papers are chiefly of interest to American botanists.

SOCIETIES AND ACADEMIES.
Lo.NDON.

Zoological Society, November 3,— Prof. W. H. Flower,

F. R. S., President, in the chair.—The Secretary read a report

on the additions that had been made to the Society's Menagerie

during the months of June, July, August, and September, 1891,

and called attention to certain interesting accessions which had

been received during that period.
—The following objects were

exhibited :
—

(i) On behalf of Mr. F. E. Blaauw, a stuffed

specimen of a young Wondrous Grass-Finch {Poephila iiiirabilis),

bred in captivity at his house in Holland ; (2) on behalf of

Prof. E. C. Stirling, a water-colour drawing of the new
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Australian Mammal Notoryctes typhlops ; (3) by Mr. G. A.

Boulenger, an Iguana with the tail reproduced ; (4) by Mr. R.
Gordon Wickham, a very fine pair of horns of the Gemsbok
{Oryx gazella) from Port Elizabeth, South Africa ; and (5) by
Dr. Edward Hamilton, a photograph of an example of the
Siberian Crane (Griis leiicogeramis), shot on the i-land of Barra,
Oater Hebrides, in August las'.— Mr. R. Lydekker give a de-

scription of some Pleistocene Bird-remains from the Sardinian
and Corsican Islands. These belonged mostly to recent forms,
but to genera and species which in several instances had not
been found fossil. They showed rather more of an African
character than the present avifauna of these islands.—Mr. R.

Lydekker also read some notes on the remains of a large Stork
from the Allier Miocene. These remains were referred to the

genus, closely allied to Cicoiiia, lately named Pclargopsis, but
which (that term being preoccupied) it was now proposed to

rename Pelargoides.
—Mr. R. Lydekker also exhibited and

made remarks on the leg-bones of an extinct Dinornithine Bird
from New Zealand, upoi which he proposed to base a new
species allied to Pachyornis elepJiantopiis (Owen), and to call it,

after the owner of the specimens, Pachyornis rothschildi.—Dr.
A. Giuither, F. R. S., read a description of a remarkable new
Fish from Mauritius belonging to the genus Scorpauia, which he

proposed to call Scorpana froiidosa.
—A communication was

read from Mr. Roland Trimen, containing an account of the
occurrence of a specimen of the scarce Fish Lophotes ccpediatius,
Giorna, at the Cape of Good Hope.—A communication was
read from the Hon. L. W. Rothschild, giving a description of a
little-known species ol Papilio from the Island of Lifu, Loyalty
Group.

—Mr. R. J. Lechmere Guppy read some remarks on a
fine specimen of Pleurotoinaria from the island of Tobago.—A
communication was read from Mr. L. Peringuey, giving an
account of a series of Beetles collected in Tropical South-
western Africa by Mr. A. W. Eriksson.

Entomological Society, November 4.
—Dr. D. Sharp,

F.R.S., Vice- President, in the chair.—Mr. W. F. Kirby ex-

liibited a series of a very dark-coloured form of Apis reared by
Mr. John Hewitt, of Sheffield, from bees imported from Tunis,
and which he proposed to call

" Punic bees."—Mr. C. G.
Barrett exhibited five melanic specimens of Aplecla nebulosa,
reared from larvte collected in Delamere Forest, Cheshire, and
described in the Proceedings of the Lancashire and Cheshire
Natural History Society as A. nebulosa, var. liohsoni. Mr.
Barrett also exhibited a beantiful variety of Argynnis aglaia,
taken in Norfolk by Dr. F. D. Wheeler, and two specimens of

LyccEna argiadcs, taken in August 1885, on Bloxworth Heath,
Dorsetshire. —Mr. H. St. John Donisthorpe exhibited a collec-

tion of Coleoptera, comprising about thirty-six species, made in

a London granary in 1890 and 1891. The genera represented
included Sphodrus, Calathus, Quediiis, Creophilus, Omalitun,
Trogosita, Silvatins, I.athridius, Dermestes. Anthrenus, Ptiniis,

Niplus, Anobinm, Blaps, Tenebrio, Cala7idra, and Bruchus.—
Mr. A. B. Farn exhibited a series of specimens of Euholia

lineolata, bred from a specimen taken at Yarmouth. The series

included several remarkable and beautiful varieties, and the size

of the specimens was much above the average.
—The Rev. Dr.

Walker exhibited %^tc\mzx\.'io'i Argynnis ino and A. pales, from

Norway.—Mr. B. A. Bower exhibited, for Mr. J. Gardner,

s'ptcxxntns oiNepkopleryx splendidella, H. S., Botys hipulinalis,

Clk., and Bryotropha obsr.iirella, Hein., taken at Hartlepool.
—

Mr. R. Adkin exhibited two very dark specimens of Peronea

cristana, from the New Forest.—Colonel C. Swinhoe exhibited,
and remarked on, types of genera and species of moths belong-

ing to the Tineina, all of which had been described by Walker,
and placed by him amongst the Lithosidce.—Mr. H. Goss
exhibited specimens of Callimorpha hera, taken by Major-
General Garden in South Devon in August last, and observed
that the species appeared to be getting commoner in this country,
as General Garden had caught seventeen specimens in five days.
Mr. Goss said that the object of the exhibition was to ascertain

the opinion of the meeting as to the manner in which this species
had been introduced into this country. A discussion on the

geographical distribution of the species ensued, in which Mr.
G. T. Baker, Colonel Swinhoe, Mr. McLachlan, Mr. Verrall,

Captain Elwes, Mr. Barrett, Mr. Fenn, and others took part.—Mr. C. J. Gahan contributed a paper entitled "On South
American Species of Diabrotica," Part III.—Mr. McLachlan
contributed a paper entitled

"
Descriptions of New Species of

Holopthalmous Ascalaphidce."
—Mr. W. L. Distant communi-

cated a paper entitled "
Descriptions of Four New Species of
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the Genus Fulgora."
—Mr. F. Enock read a paper entitled

"Additional Notes and Observations on the Life-history of

Atypus piceus." Every detail in the life-history of this spider
was most elaborately illustrated by a large number of photo-
graphs, made by Mr. Enogk from his original drawings, and
shown by means of the oxy-hydrogen lantern. A discussion

followed, in which Mr. C. O. Waterhouse, Dr. Sharp, Mr. G.
C. Champion, the Rev A. E. Eaton, and Mr. P. Crowley
took part.

Anthropological Institute, November 10.—Dr. Edward
B. Tylor, F. R.S. , President, in the chair.—Mr. Francis
Galton exhibited, on behalf of Lady Brooke, a photograph of a
human figure carved on a rounded sandstone rock in Sarawak ;

the rock is about twelve feet in height, and the sculpture is in

high relief and of the size of life. Mr. Galton also exhibited
some imprints of the hand, by Dr. Forgeot, of the Laboratoire

Criminale, Lyon.
—Dr. Tylor read a paper on the limits of

savage religion. In defining the religious systems of the lower

races, so as to place them correctly in the history of culture,
careful examination is necessary to separate the genuine
developments of native theology from the effects of intercourse
with civilized foreigners. Especially through missionary influ-

ence since 1500, ideas of dualistic and monotheistic deities, and
of moral government of the world, have been implanted on
native polytheism in various parts of the globe. For instance,
as has lately become clear by the inquiries of anthropologists,
the world-famous Great Spirit of the North American Indians
arose from the teachings of the Jesuit missionaries in Canada
early in the seventeenth century. This and analogous names
for a Supreme Deity, unknown previously to native belief, have
since spread over North America, amalgamating with native
doctrines and ceremonial rites into highly interesting but per-

plexing combinations. The mistaken attribution to barbaric
races of theological beliefs really belonging to the cultured

world, as well as the development among these races of new
religious formations under cultured influence, are due to several

causes, which it is the object of this paper to examine : (i)
direct adoption from foreign teachers ; (2) the exaggeration
of genuine native deities of a lower order into a God or Devil

;

(3) the conversion of native words, denoting a whole class of
minor spiritual beings, such as ghosts or demons, into individual

names, alleged to be those of a Supreme Good Deity or a rival

Evil Deity. Detailed criticism of the names and descriptions of

such beings in accounts of the religions of native tribes of

America and Australasia was adduced, giving in many cases

direct proof of the beliefs in question being borrowed or de-

veloped under foreign influence, and thus strengthening the

writer's view that they, and ideas related to them, form no

original part of the religion of the lower races. The problems
involved are, however, of great difficulty, the only hope of

their full solution in many cases lying in the researches of

anthropologists and philologists minutely acquainted with the

culture and languages of the districts
;
while such researches

will require to be carried out without delay, before important
evidence, still available, has disappeared.

Paris.

Academy of Sciences, November 9.
—M. Duchartre in the

chair.—On the use of chronophotography for the study of

machines constructed for aerial locomotion, by M. Marey. It is

known that, in the case of a plane moving in a fluid medium, the

centre of pressure only coincides with the centre of figure if the

plane be normal to the direction of its motion ; but if the plane
makes an angle with its trajectory, the centre of pressure occurs

in advance of the centre of figure to an extent which increases as

the plane forms a more acute angle with the direction of motion,
and as its velocity of translation is increased. This principle is

strikingly illustrated by some photographs of a specially con-

structed falling body taken at intervals of a twentieth of a second.

The body first described a sensibly parabolic curve, it then rose

slightly, and passed over a convex curve before reaching the

ground. The figure accompanying the paper shows clearly that

the inflexions of the body's trajectory depend on the variations

of its velocity, and the inclination of its surface with respect to

the direction of motion.—-On the laws of the intensity of light
emitted by phosphorescent bodies, by M. Henri Becquerel.
The author develops formulae to represent the relation between
the intensities of light emitted by phosphorescent bodies and
the duration of illumination, and compares the results of some of



72 NA TURE [November 19. 1891

his father's observations with those obtained by calculation.

The agreement of the two sets of numbers is very close, even

when the intensity was taken some thirty minutes after the body
had been emitting light. A relation is also established between

the intensity and the time that the body was exposed to light.
—

Study of boron phospho-iodides, by M. Henri Moissan. (See

Notes, p. 67.)
—M. Haton de la Goupilliere made some re-

marks on the paper read by Sir William Thomson before the

Royal Society on April 9, "On Electrostatic Screening by
Gratings, &c.," saying that he had published some similar results

in 1859.^
—

^Experimental determination of the velocity of propa-

gation of electro-magnetic waves, by M. R. Blondlot. Experi-
ments have been made between wave-lengths 8*94 and 35*36

metres, and the results show that all electrical undulations

have a velocity of propagation of about 297,600 kilometres per
second.—On algebraic integrals of the differential equation of

the first order, by M. Autonne.—On surfaces with rational

generators, by M. Lelieuvre.—Theory of turbo-machines, by
M. Rateau.—A simple method of verifying the centres of the

object-glasses of microscopes, by M. C. J. A. Leroy.
—On the

existence of acid or basic salts of monobasic acids in very dilute

solutions, by M. Daniel Berthelot. The author has studied very
dilute solutions near the point of neutralization, using HCl and

baryta water at a concentration of 0"0i equivalent per litre, by
the method of measuring the electric conductivities. He con-

cludes that acid and basic salts are not destroyed by dilution,
even very dilute solutions containing traces undecomposed.

—On
the formation of hydrates at high temperatures, by M. G.
Rousseau.—On a double chloride of copper and lithium,

by M. A. Chassevant. A substance of the composition
2{CuCl2.LiCI} -I- 5H2O has been obtained. It is decomposed
by water, but is soluble to a red-brown solution in a concentrated
solution of lithium chloride from which it may be recrystallized.—Researches on digitalein, by M. J. Houdas.—On isocin-

chonines, by MM. E. Jungfleisch and E. Leger.
—Estimation of

fats in milk products, by MM. Lezeand Allard.— Ptomaines ex-

tracted from urine in cases of some infectious maladies, by
M. A. B. Griffiths. The ptomaine from scarlet fever has the

composition CgHjjNOj, that from diphtheria Ci4H]7N20g ; they
have also been prepared from pure cultures on peptonized gelatine
of Micrococcus scarlatina and Bacillus diphtheria: respectively.
The ptomaine from the urine of a case of mumps has the
constitution NH : C(NH2).N(C3H7).CH2.C02H. None of the
three ptomaines described are constituents of normal urine.—
On the exterior form of the muscles of man with respect to the
movements executed (experiments made by chronophotography),
by M. G. Demeny.—On the formation of the peripheral nervous

system of vertebrates, by M. P. Mitrophanow.
—On the effects

of parasitism on Ustilago antherarum, by M. Paul Vuillemin.—
Meteorological observations made at Rodez, by M. des Vallieres.

Amsterdam.

Royal Academy of Sciences, October 31.
—Prof, van de

Sande Bakhuyzen in the chair.— Prof. P. H. Schoute offered some
general remarks on Lemoine's two problems of stamps : In
how many different ways a ribbon of/ stamps and a rectangular
sheet of pq stamps can be folded up in one ? (compare vol. i.

p. 120 of the " Theorie des Nombres "
of E. Lucas). He reduced

the first problem to a question in the theory of permutations,
gave the number Xf of its solutions up to / = q, and showed why
the number Xp^q of the solutions of the second problem must

surpass the expression (^ t£ ~^) Xp Xq,
— Yxoi. B. J. Stokvis

made a contribution to our knowledge of mutual antagonism
and the combined action of mutual antagonists. In experi-

menting on the isolated and freely pulsating frog's heart, he
stated that digitaline on the one side, and muscarine (or chinine)
on the other, were to be considered as mutual antagonists for

this organ, and displayed their antagonistic action, whichever of

the two might be applied first. In another series of experiments
he studied the action of muscarine and digitaline flowing at the
same time with the nourishing blood through the isolated frog's

heart, and found that the greatest antagonistic action, for

instance of digitaline, was displayed when verj' dilute solutions

(l : 25,000 or I : 33,333) were applied at the same time as

moderately strong solutions of muscarine. Finally, he stated

that the isolated frog's heart recovered much faster and much
more easily by normal blood when it was previously poisoned
by muscarine and digitaline combined than when it was poisoned
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by the same or even a lower dose of muscarine alone.—MM. S.

Hoogewerff and W. A. van Dorp gave an account of the

action of an aqueous solution of ammonia on phthalic chloride.
If care is taken to keep the liquids cool in mixing, about 40
per cent, of the weight of the chloride is converted into

orthocyanobenzoic acid, CgH4 pqqtt-

BOOKS, PAMPHLETS, and SERIALS RECEIVED.
Books.—The Land of the Lamas, W. W. Rockhill (Longmans).—Ai-.phi-

mixis; oder Die Vermischung der Individuen : A. Weismann (Jena,
Fischer).

—Primitive Culture; 2 vols., 3rd edition, revised: Dr. E. B. 'I'ylor

(Murray).—Memoirs of the Geological Survey of India, vol. xxiii. Geology
of the Central Himalayas: J. L. Griesbach (Calcutta).—L'Homme dans la

Nature : P. Topinard (Paris, Alcan).—Outlines of Physiological Chemistry,
2nd edition : F. C. Larkin and R. Leigh (Lewis).

—My Personal Experiences
in Equatorial Africa : T. H. -Parke (Low).—An Introduction to the Theory
of Value: W. Smart (Macmillan).—Quantitative Chemical Analysis: F.
Clowes and J. B. Coleman (Churchill).

—A Hand-book of Industrial Organic
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ELECTRO-MAGNE TISM.

The E/ictro-magnet and Electro-magttetic Mechanism.

By S. P. Thompson, D.Sc, F.R.S. (London: E. and

F. N. Spon, 1 89 1.)

THIS
is a reprint, with additions, of a course of Cantor

Lectures which the author dehvered during 1890
before the Society of Arts. The book, it may be stated

at the outset, is an excellent account of electro-magnetic

mechanism, and abounds in information at once of his-

torical, scientific, and practical value. Evidently the

author is willing to spare no pains to give completeness
to any work of this kind he undertakes, and the present

book, like his treatise on dynamo-electric machinery, will

no doubt be widely read and appreciated.

In the preface, and elsewhere in the body of the book

itself, Dr. Thompson indulges in some statements which

we think are a blemish on an excellent and well-written

treatise. It serves no good purpose to distribute in a

scientific book praise or blame to certain classes of

scientific investigators, and while glorifying a certain

section of workers, to pour what seems little short of con-

tempt and derision on the labours of another. We refer

here to the statements (chiefly in the preface) regarding
the earlier mathematical theories of magnetism, and their

alleged influence in retarding electro-magnetic discovery.

It is quite true that some of the older theorists, concen-

trating their attention on the magnetic field of a system
of permanent magnets, gave only a secondary attention

to the problem of the internal constitution of a magnet.
But it is hardly fair to put down against them, by inference,

the errors of the persons who persisted in assuming that,

because it had been proved that a magnet produces a field

which can also be accounted for by a distribution of

imaginary magnetic matter over the surface of the magnet,
the magnetization of the magnet did consist in such a distri-

bution. Such an equivalent distribution is a conception

helpful in itself, inasmuch as it can be experimentally

determined, and expresses exactly the manner in which

the lines (unit tubes) of magnetic induction leave the

surface. But to accuse it of misleading those who mis-

understood it, is to put on the shoulders of Gauss and

others who considered surface distributions a responsi-

bility which is not theirs, and a blame which properly

belongs to the perverse experimentalists who have insisted

on determining the actual positions of "poles" in bar

magnets, and on measuring other things equally indeter-

minate or non-existent.

But is the following statement quite free from possibility

of misconstruction ?
"
Gradually, however, new light

dawned. It became customary, in spite of the mathe-

maticians, to regard the magnetism of a magnet as

something that traverses or circulates around a definite

path, flowing more freely through such substances as iron

than through other relatively non-magnetic materials."

If any student of the subject does get into his head the

idea that an actual material something flows round a

magnetic circuit, he might quite as justly hold Dr. Thomp-
son responsible for this false notion as blame the mathe-
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maticians for causing him to suppose a magnet to be a

body plastered over with imaginary magnetic matter.

In tracing the evolution of the notion of magnetic

permeability. Dr. Thompson might have made some

mention of the contributions to molecular theory given

by Poisson and others ;
for after all, these men really knew

as well as we do "that magnetism, so far from residing

in the end or surface of the magnet, is a property resident

throughout the mass." But, as has already been stated,

their attention was chiefly directed to the fields of per-

manent magnets ;
and to find a doctrine which " will

afford a basis of calculation such as is required by the

electrical engineer
"

is the business of the electrical

engineer himself, and others interested in the proble m
Hitherto, indeed, so far as such a doctrine has been

found, it "has been discovered in great measure by the

physical mathematician ! The mathematical doctrine o
"
magnetic permeabihty," or—to use Faraday's phrase

—
"
conductivity for magnetic lines of force," was given so

long ago as 1872 by Sir William Thomson, and fully

illustrated by analogies and appHcations ;
and it is

certainly curious that so accurate an historian as Dr.

Thompson should, in his historical resume, have made
no mention of this very important paper. It is also the

fact that our knowledge of the properties of iron, which,

with the
"
simple law of the magnetic circuit," consti-

tutes, according to Dr. Thompson, the stock-in-trade of

the designers of dynamos, has come in no small degree

from the same source. The most eminent investigator

and improver of the dynamo is also a mathematician ;

but perhaps, as Sir William Hamilton (of Edinburgh, not

of Dublin !) said of a certain mathematician who, he

was forced to admit, reasoned correctly, he did it in

spite of his mathematics, not because of them.

All honour to the great mathematicians who first at-

tacked the difficult subject of magnetic action. But even

if they had sinned so grievously by their unpracticality

as it seems now the fashion to try to make out, their

successors, entering into their labours, have been able to

do much to atone by helping the engineer in the diffi-

culties which beset his advance into a region, viewed in-

deed from afar, but hitherto untrodden. In this great

work the engineer and mathematician are necessarily

companions, and for either to reproach the other, as to

what happened or did not happen in the past, is only to

provoke useless recrimination, and delay their onward

progress.

It is time now to come to the subject-matter proper of

the book, and for this we have, on the whole, nothing but

commendation. There are some things which might,

perhaps, have been expressed differently with advant-

age, but this, of course, is only a matter of opinion.

In the first chapter a very interesting account is

given of the inventions and researches carried out by

Sturgeon, Henry, and Joule, and ends with a description

of notable electro-magnets. The sketch of Sturgeon's

career, given in an appendix to this chapter, is of re-

markable interest as a plain unvarnished record of heroic

toil in the pursuit of knowledge, carried on amid un-

congenial surroundings, and in spite of the hard pinch of

poverty. In happier circumstances, this experimental

genius would no doubt have done much for science.

Still, to us there is some compensation, for, had it not

E
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been for the res angiista domi of his later years, we might
not have had his

" Annals of Electricity
" or his

"
Scientific

Researches." As it is, it seems well established that he

was the pioneer of electro-magnetic discovery, the maker

of the first electro-magnet and the first magneto-electric

machine ; and Dr. Thompson has done a simple act of

justice in bringing Sturgeon's claims in this respect before

the great public now interested in the progress of electrical

science.

In chapter ii. we have generalities concerning electro-

magnets and electro-magnetism, descriptions of typical

forms of electro-magnets, and materials of construction.

First are discussed such topics as the uses of electro-

magnets, magnetic polarity, magnetic units, and element-

ary propositions in electro-magnetism. Here we would

remark, as a merit in this work, the fact that the author

has not loaded what is intended to be a thoroughly prac-
tical treatise with long discussions of purely theoretical

matters, however important in relation to practice. The
sketches of theory given in many works—which are really

only collections of tables of numerical data, lists of

formulce, and workshop recipes
—would be much better

left out, and their places supplied by other matter, or the

books lightened by their absence.

An excellent chapter follows, on the properties of

Iron. The various methods of measuring permeability
are well explained, and for the space devoted to it a good
account (with tables) is given of the results obtained by

Hopkinson and Evving in their researches. On p. io8

the effect of opening gaps in a magnetic circuit of iron is

discussed, and a reference is given to an experiment
described later in the work. On turning to this experi-
ment (p. 212), it is found to be a description of an explora-
tion of the effect produced at different parts of a horse-

shoe steel magnet by pulling off the keeper. A narrow

coil of a few turns of wire is wound on a light frame

capable of being slided round the magnet, and is con-

nected with a ballistic galvanometer. The effect of pulling
off the keeper is then tested with the coil in different posi-

tions on the horseshoe, and is shown by the deflection of

the needle of the ballistic galvanometer. The theory of

the author is, that putting on or taking off.the keeper of a

permanent steel magnet does not affect the magnetization
at the middle of the horseshoe ; that by putting on the

keeper, and so diminishing the magnetic
"
reluctance

"
of

the circuit, the lines of magnetic force are only collected,

not altered in amount. Hence, if this theory be true, the

coil, when placed at the middle of the magnet, should

show no effect on the removal of the keeper. It is stated

that careful and repeated experiments made at Finsbury

gave an effect at the middle of the magnet which did not

amount to 1/3000 of that found when the coil was close

up to either end of the magnet.
Some time ago, when informed by a friend of this state-

ment and result, the writer, feeling extremely doubtful of

their general truth, had a magnet constructed for the

purpose of repeating the experiments. As a large magnet
was required for other purposes, one was constructed of

eight steel bars of a mean length of about 3 feet. Each
bar was 2 inches broad by \ inch thick, so that when put

together they formed a large horseshoe of square cross-

section 2 inches in side. A keeper, made of a block of

soft iron, fitted between the ends of the horseshoe. The
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steel, which was tool steel obtained from a local firm,

took magnetism readily, and an excellent horseshoe

magnet was obtained.

A coil in circuit with a ballistic galvanometer was used

in the manner described above, to test the effect of

removing the keeper. Careful experiments made by

students, and repeated by the writer, gave an entirely

different result from that obtained by Prof. Thompson.
A very large throw was obtained by placing the coil close

to either end of the magnet and detaching the keeper ;

but with the coil as nearly as possible at the middle of

the horseshoe, the throw was about one-eighth of the

maximum. It was verified, moreover, that the minimum
throw was obtained at the middle.

This result was exactly what the writer had expected
would in general happen. The so-called free magnetism
at the extremities of the magnet, in the absence of the

keeper, produced a demagnetizing effect throughout the

magnet, and thus diminished the induction through the

coil, even when at the middle. This action was counter-

acted by the magnetizing effect of the keeper when in

position, and therefore itself inductively magnetized, but

had full play as soon as the keeper was removed. The
much greater deflections near the ends were undoubtedly

due to the cause to which Dr. Thompson would assign

the whole effect—the alterations of the arrangement of the

lines near the ends which accompanied the removal and

replacement of the keeper.

It is certain that this effect will depend on the permea-

bility of the magnet steel, which is a function of the

magnetization ;
but that such an effect will in general be

produced there does not seem to be any room for doubt.

The following chapters deal with specially designed

electro-magnets, such as, for example, those used in relays

and clockwork, electro-magnetic mechanism, alternate-

current electro-magnets, electro-magnetic motors and

machine tools, and the purely electro-magnetic part of

the book winds up with a very interesting chapter on the

electro-magnet in surgery. The last chapter of all is

devoted to permanent magnets. To give a satisfactory

account of these chapters is here impossible ; but it may
be mentioned that the electro-magnetic mechanism fully

described and figured includes no less than nine classes,

beginning with the different forms of magnet with

moving armature or plunger, magnets with armatures

moving against counterpoises of different kinds, polar-

ized devices, electro-magnetic vibrators, magnetic brakes,

&c.

In chapter xi., on alternate-current electro-magnets,

the modes of laminating magnets for the prevention of

eddy-currents are described ; then follows a discussion of

effects of alternating electro-magnets, depending on the

difference of the phase relations of the magnets and the

eddy-currents excited in conductors in the form of disks

and rings placed near the extremities of the iron cores.

Thus we have a very interesting account of Elihu Thom-

son's remarkable experiments. The throttling or im-

pedance effect of electro-magnets included in circuits is

next treated. It would have been worth noticing, where

the relations of maximum current, maximum electro-

motive force, mean current, mean electromotive force,

and impedance are given, that the true mean value of the

total electrical activity in an alternating circuit, in which
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work is done against resistance only, as in lighting glow-

lamps, is equal to the mean square of the current multi-

plied by the total resistance in circuit.

In the chapter on the electro-magnet in surgery, Dr.

Thompson, as was to be expected, gives a careful sum-

mary of the history of the subject. It seems that hitherto

the principal use has been in ophthalmic surgery, for the

extraction of small particles of iron from the eyeball.

A very interesting case is narrated, in which the author's

brother. Dr. Tatham Thompson, of Cardiff, successfully

removed, by a magnetic probe constructed according to

his own design, a fragment of iron which had passed

through the eye of a blacksmith and lodged in the retina.

The probe, excited by a coil, was inserted through the

vitreous humour of the eye along the track of the wound,

and catching the bit of steel, drew it from its resting-place

in the retina. With the exception of a slight limitation

of the field of vision, the patient perfectly recovered his

sight.

The writer has a lively remembrance of being present

some years ago at a search made, by means of a magnetic

probe which he had arranged for one of the surgeons of

Glasgow I nfirmary,for a fragment of iron which was alleged

to have entered the knee of a blacksmith. The blacksmith

was exceedingly lame, and an examination of the knee

by means of a magnetometer for signs of the presence of

iron had resulted in some very puzzling indications. All

iron, it was thought, had been removed from the patient,

and with the knee in certain positions very decided in-

dications of magnetized iron or steel had been observed.

The probe, magnetized by a battery current, was inserted

in an incision made at the place where the iron was sup-

posed to have entered, but without effect. An adhesion

was found to exist in the joint, and was broken down by
' the surgeon, with the result that after the patient's re-

covery the lameness had disappeared. It was found on

stripping the patient that he wore a truss, and hence the

magnetometer effects !

It seemed rather unlikely, in any case, that the magnetic

probe would be effective in removing a splinter deeply

embedded in muscular tissue.

The last chapter, on permanent magnets, though no

part of the subject-matter proper of the book, is never-

theless very complete, and full of valuable information

regarding the magnetizability of different kinds of steel,

effects of temperature, use of laminated magnets, lifting

power of magnets, and permanence of magnets with

lapse of time.

The chapter concludes with a short sketch of

astatic arrangements of needles. In connection with

these, it may be remarked that the vertical pair of

astatic needles—which has the advantage of perfect

and permanent astaticism, inasmuch as each needle is

astatic—was described, with other astatic arrangements,

in a paper by Mr. T. Gray and the present writer, in the

Proceedings of the. Royal Society for 1884 (vol. xxxvi.).

Here we must take leave of a most interesting volume.

The outside of the book is tastefully got up, the printing

and paper are excellent, and the whole is worthy of the

reputation of both author and publishers.

A. Gray.

FUNGUS EA TING.

British Edible Fungi : how to Distinguish and how th

Cook them. By M. C. Cooke. (London : Kegan Paul,

Trench, Trubner, and Co., 1891.)

THERE
is a fascination in the minds of many people

for the eating of fungi, which has often been ex-

pressed in popular books on the subject by authors of

various degrees of power. Some of these are enthusiasts,

who suffer palpably from that malady of intolerance which

characterizes so many propagandists, who would persuade

us that those things are best to eat and drink which they

have found so ; others, again, temper their recommenda-

tions by the calm arguments of the scientific man, though,

speaking as having found, they must write with a tinge of

that persuasiveness necessary to overcome wide-spread

prejudice, or ignorance, if they are to be understood by

the multitude ; others, again, are content to state the

facts, and let the logic of their sentences make its own

impression in due course.

It is not easy to say off-hand in which of these categories

the writer of the book under review should be classed, nor

is it of much consequence to look at his writings according

to the decision arrived at in that connection. It is cer-

tainly no more than fair to say that Mr. Cooke has com-

piled a little book of no small value as a guide to common

edible fungi of this country ;
and that, while the informa-

tion is singularly clear, and told in plain and homely

language, it loses little or nothing in the simple telling,

so far as the facts about these cryptogams are concerned.

In so far, the author's well-known reputation as a myco-

logist is not likely to suffer ;
but it must be added that,

while we do not pretend to criticize in detail all that

relates to the cooking of these delicacies, and while it

must always be more or less a matter of individual

opinion whether Champignons stewed with pepper and

butter, or Boletus with sauce of lemon-juice and powdered

lump-sugar, are the more delicious, there is something

that smacks of prejudice in the more than hearty com-

mendation of some of the cooked favourites. Be this as

it may, Mr. Cooke is unquestionably a high authority on

his subject, and he has done good service in supplying

the public with a well-written account of it, and with ex-

cellent coloured drawings of about forty of the chief

forms of edible fungi.

Few people in this country are aware that nearly two

hundred of the things called toadstools are at least edible,

and fewer still will be prepared to believe that there are

people in the world who regard some fifty-odd of these as

dainties. Mushrooms, truffles, and morels exhaust the

list for most Englishmen, and many are dubious about

even these, and eat them, when served, with various

degrees of trustful confidence, or the reverse.

It is a severe shock to these persons when they learn

that such species as Amanita rubescens, Lepiota procerus,

Coprinus comatus, and other
" horrid toadstools," may not

only be eaten, but are even extolled as delicious ;
and when

it comes to recommending the green-topped Clitocybe

odorus, smelling of anise, or the purple Tricholoma

nudus, and other violently coloured species, the amateur

may be pardoned for hesitating. Nevertheless, these and

many other forms popularly held as dangerous are not

only edible, but are also capable of distinction with a
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little practice. It may, perhaps, be doubted whether

specialists do not commonly underrate the difficulties in

diagnosis of these forms to an amateur, but Mr. Cooke
can at least be felicitated on having made the dis-

tinguishing characters as clear as popular language
admits.

In addition to the chapters on edible fungi, there is an

interesting one on poisonous species, which may convince

the reader of error in supposing that these are so

numerous as is vulgarly supposed. The fact is, we know

very little about the poisonous forms. Some few are

thoroughly established as poisonous, and great care

should be exercised by amateurs in view of this fact ; but

by far the majority of toadstools are simply not known to

be edible. The following paragraph, from p. 208, may be

worth quoting :
—

" Over and over again have we been urged to lay
down some rules, or instructions, whereby poisonous may
be distinguished from innocuous fungi. As often have we
declared, as we do now, that such general instructions

are impossible. No rules can be given whereby a poi-
sonous can be distinguished from a harmless species,

nothing except knowledge and experience. The poi-
sonous species already known are known because they
have a past history which has condemned them, and not
from any evidence written upon them. The most experi-
enced mycologist cannot tell by any character, feature, or

behaviour, that this or that fungus is poisonous or the
reverse. He only knows its antecedents and the company
it keeps. A large order of flowering plants, such as the

Solanacece, may be looked upon with suspicion ; but the

potato and tomato are not poisons. In the Agarics the

sub-genus Amnitifa, with warted caps, have always been

regarded with suspicion because of Agaricus inuscarius
and Agaricus phalloides ; but two others of the same
group, Agaricus rubcscens and Agaricus strobiliformis,
are most excellent food."

This, in spite of trace s of obscurity,may be taken as sound

talk, showing an appreciation of the position by the author,
who is, moreover, quite alive to what generalizations can

be made as to the dangerous character of pink-spored

genera, and the bright red forms of Agaricus and Rtcssula,
and so on ; and we recommend this chapter of warnings
to all who are inclined to taste rashly.
The printing of the text and illustrations is decidedly

good, and we regard this little work as a gain to the

popular naturalist's library.

''EXTENSION" PSYCHOLOGY.

Psychology : a Short Account of the Hutnan Mind.

By F. S. Granger, M.A. (London: Messrs. Methuen
and Co., 1891.)

THIS
little volume, which forms one of Messrs.

Methuen's "
University Extension Series," is not

a mere compilation from larger works on psychology.
Short as it is, it presents an independent development of

the subject ;
and it is not infrequently characterized by a

freshness and vigour most helpful to the student. We
feel sure that Mr. Granger's short account of the human
mind will be a most useful little book in the "

psychology
circles

" of that National Home-Reading Union to the

existence and work of which Dr. Hill drew attention in a

recent issue of N.ature. And few subjects are better

suited than psychology for study in this way.
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Mr. Granger lays great stress on the essential unity of

the wave of consciousness that in its onward course con-

stitutes our mental life. By introspection (which is also

retrospection) we may analyze the waves that have

passed ; we may find elements of cognition, of feeling,

and of will
; we may separate out dominant and sub-

dominant ideas, sensations from without the body and
from within. But in the wave as it passes all these are

fused into one state of consciousness from which no one
of the constituent elements could be omitted without

destroying its identity. Students are only too apt to

fancy that the elements reached by psychological analysis
have a reality more real than the state of consciousness

with which they started. Mr. Granger does his best to

help them to avoid this fallacy.

Welcome as the little book is from its independence of

treatment, it shows signs of hurried composition. Apar
from bits of sheer carelessness—e.g. where Mr. Granger
speaks of

"
the facts with which we have to deal in

"—
the statements are occasionally ambiguous or misleading
" The retina, for example, may be supposed to transform

all sorts of stimuli into sight impressions." That is not

well put.
" The causes which give rise to states of mind

may be divided into states of mind and states of body.
Thus the sensation of red is due to a light-stimulus received

from some object by way of the eye. Here, a state of mind,
the sensation of red, is caused by a state of body—namely,
a change in the retina. All cases of this kind, in which a

mental effect follows upon a physical cause, are instances

of physical laws. On the other hand, states of mind are

very often due to previous states of mind," &c. This,

again, is awkward and misleading. The physical basis

of a " sensation of red "
is found in certain molecular

changes in the brain
;
and these may be induced by

changes in the retina (external origin), or by other

changes in surrounding parts of the brain (internal

origin). So far as the molecular changes which are the

basis of the " sensation of red " are concerned, whether

they be due to causes external to the brain or to causes

within the brain, they are alike "instances of physical

laws." Here, and elsewhere in the book, the fundamental

distinction between energy and consciousness, between

the physical and the psychical, is not brought out with

sufficient clearness.

In his preface, Mr. Granger tells us that "the illustrations

are largely drawn from every-day experiences and familiar

books." If theTollowing illustration correctly represents
Mr. Granger's every-day experiences, Nottingham must be

a somewhat dangerous place to live in.
" A group of ideas

may come into the mind, and by the process of associa-

tion may bring up an idea of some movement or series of

movements which is forthwith realized. The sight of a

stranger leads to the idea, and then to the act, of throwing
half a brick at him." Even if the experience is of every-

day occurrence, it can hardly be regarded as a happy
illustration. C. Ll. M.

OUR BOOK SHELF.
Arithmetical Exercises in Chemistry. By Leonard

Dobbin, Ph.D. With Preface by Prof. Crum Brown.

(Edinburgh : James Thin, 1891.)

This book is a short collection of problems dealing with

chemical changes, and such physical changes as are
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of special importance to junior students of chemistry

Examples are given on the metric system, thermometric

scales, specific gravity, the gaseous laws, the weights and
volumes of materials entering into chemical reactions,
and on the calculation of the empirical formulse and per-

centage composition of compounds. As distinguished
from others on the same subject, the book contains no
more than the beginner requires, and is therefore less

apt to confuse than one more elaborate. The intro-

ductory part of each section, giving the principles in-

volved in the exercises, is clear, and the examples, 128

in all, seem well chosen. A table of contents, index, and

answers, are included. A few points in connection with

specific gravity might with profit be attended to. On p.

6, density, in reality absolute density, is defined, and then

specific gravity. Relative density, as it is referred to on

p. 31, might here be introduced, and the account would be

more complete if the relation between density and specific

gravity were clearly stated. After the formula jt = wlv,
on p. 9, it might be definitely pointed out that, with the

units chosen, specific gravity is the weight of unit volume.

It is not quite accurate to lead the student, as on p. 8, to

infer that specific gravities are usually given for the

temperature of 4' C.

The Colliery Manager's Hand-book. A Comprehensive
Treatise on the Laying-out and Working of Collieries,

designed as a Book of Reference for Colliery Managers,
and for the use of Coal-mining Students preparing for

First-class Certificates. By Caleb Pamely. Pp. 552,

Index, and 472 Woodcuts. (London : Crosby Lock-
wood and Son, 1891.)

No doubt colliery managers, and students preparing for

examinations, would find it convenient to have a cyclo-

paedia of mining, but the hand-book under consideration

will scarcely satisfy their wants. The work is another

illustration of the proverb,
" Ne sutor ultra crepidam."

Instead of being satisfied with describing mining pro-
cesses and mining plant, the author deliberately plunges
into geology and chemistry, and then finds himself quite
out of his depth.

It is evident that much labour has been expended in

bringing together information upon various matters con-

nected with coal-mining ;
but there are gaps which

require to be filled up, and errors that should be corrected

in a second edition. For instance, the chapter upon
boring is meagre. The part relating to percussive

boring is in the main borrowed from Greenwell, and
refers solely to boring by hand. Not a word is said

about free-falling tools. It is not correct to say that
'' a great advantage of the diamond-drill boring is that

the hole is kept true and vertical." The surveys made
with the ingenious

"
clinograph

" of Macgeorge have
shown beyond a doubt that this is not invariably the

case.

The description of tools is insufficient ;
and strange to

say, the book contains no figure of a pick. Probably no
work on mining was ever written before without a figure
of this characteristic miner's implement. It is not for

want of space, because there are figures to illustrate the

manner of preparing oxygen and nitrous oxide. These
are really unnecessary : if the student wants to learn a
little elementary chemistry, he had better have recourse
to one of the numerous text-books on that subject.
The examples of the different methods of working coal

are likely to confuse students, owing to the mass of

details by which they are accompanied. As the original
articles are available in the Transactions of the Mining
Institute of Scotland, short abstracts would have been

quite sufficient.

Serious omissions are somewhat numerous. Rittinger

pumps, which are doing such excellent work on the Con-

tinent, are not mentioned
; and the following important

subjects are also entirely ignored : coal-washing, coking,
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utilization of the gases for making tar and ammonia, and
manufacture of patent fuel. In these days, when warn-

ing notes are being sounded concerning the duration of

our coal supply, the attention of mining engineers and
students should be specially directed to methods of

turning small coal and inferior seams to profitable account.

The author of a hand-book ought to be in advance of the

times, and point out the path of economy and progress.
In spite of its defects, Mr. Pamely's work is by no

means destitute of value. It contains a great deal of

information which managers and students will find of use

to them, and the excellent index will enable them to lay
their hands at once on any part they desire to consult.

C. L. N. F.

Photography applied to the Microscope. By F. W. Mills.

(London : Iliffe and Son, 1891.)

The subject of photo-micrography is one of such absorb-

ing interest that it is no wonder it has become so popular
among amateurs. For those commencing, and for those

who have already made some steps in pursuing this

subject, the present little book is intended, and it will be
found to contain just that sort of information and advice

that is so necessary to a beginner. The main point to

insure good photographic results lies in the preparation
of the object, which requires both patience and care ;

the

chapter dealing on this has been written by Mr. Charters

White, who gives good directions for cutting hard and
soft tissues, and for bringing materials, that are too soft

in their natural condition, to a state of firmness previous
to cutting. With regard to the choice of the necessary

apparatus, the author describes various forms that are

cheap, and which with care can be made to yield fair

results. In the remaining chapters all the photographic
manipulations are dealt with, such as exposing, develop-

ing, and printing, &c., and at the end is added a useful list

of works which treat of the subject under consideration.

Copernic et la Dccoiiverte du Systhne du Monde. By
Camille Flammarion. (Paris : Marpon and Flam-

marion, 1891.)

An interesting book is this, and one full of information.

In ten chapters and 250 pages M. Flammarion traces the

history of astronomy from Copernicus to Newton, with

special reference to the life of the former and the de-

velopment of his system. There is little doubt that this

work will be as well received as others by the same

writer, and it really deserves the favour. G.

Annals of British Geology., 1890. By J. F. Blake.

(London: Dulau and Co., 1891.)

It is intended that this shall be the first issue of an
annual publication ; and, if future volumes are prepared
with as much care as the present one, the work ought to

be of much service to geologists. Its scope is restricted

to writings which have appeared in the United Kingdom.
The author is not content with noting merely the titles of

the works he records. When they are of the least im-

portance, he gives a general idea of their contents, and

presents what seems to him an adequate critical estimate

of their value. The classification is by subjects. He
begins with general geology ; then come stratigraphical

geology, palaeontology, pateobotany, petrology, econo-

mics, maps and sections, and works relating to foreign

geology, but published in Britain. A section headed
"Personal Items" brings together a number of facts to

which it may sometimes be convenient for the student

of geology to refer. The volume deserves to be all the

more cordially welcomed because Mr. Blake is not of

opinion that he has at one stroke reached perfection.
He hopes that future volumes maybe improved by the

co-operation of specialists in the several departments.
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[ 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 writeirs of, rejected

manuscripts intendedfor this or any other part of iixrvviit..

No notice is taken of anonymous communications.
'\

Warning Colours.

In the experiments on "Comparative Palatability," recorded

in Nature of November 19 (p. 53), Mr. E. B. Titchener refers

to the unpalatabilily of the brimstone butterfly. The insect

was "
fairly seized several times," but " was always rejected,"

by a frog. Some of your readers may not be aware that Mr.
F. Gowland Hopkins, of Guy's Hospital, has recently shown
that the yellow pigment of this butterfly, and of several others of

its allies, is due to a substance formed as a urinary pigment : it

is also known that the colours of other butterflies, and other

animals, bear a relation to the urinary pigments. These
substances may be in many cases of a disagreeable flavour.

Dr. Eisig, of the Naples Zoological Station, has suggested
that if intense and varied coloration is primarily due to a

great quantity and variety of such bitter-tasting pigments, we
do not need to assume that the brilliant coloration has been

brought about in order to advertise the nauseous taste. The
bright and varied colour will be, in fact, a consequence of the

deposition in the integument of bitter pigments. This view—
which has for the most part escaped the attention of those who
have written upon animal colours, owing doubtless to its having
been put forward in a special monograph upon a group of worms
(Capitellidcz)

—better explains how it is that brightly-coloured
unpalatable creatures are in so many (? the majority of) cases

tasted before being refused. I have laid some stress upon this

view of warning coloration in a forthcoming book upon" Animal Coloration," which is to be published by Messrs.
Swan Sonnenschein and Co. Frank E. Beddard.

Zoological Society's Gardens, Regent's Park.

The Salts in Natural Waters.

The communication of Mr. Lyons, in Nature of Novem-
ber 12 (vol. xlv. p. 30), giving an analysis of the water of the

salt lake of Aalia Paakai, aff"ords a suitable opportunity for

asking a question, to which, I trust, some chemist among the

readers of Nature will be able to give' a satisfactory answer.
The usual analysis of the "solid constituents" of a given

specimen of natural water only directly determines, I believe,
the respective quantities of the metallic bases—sodium, calcium,
&c.—and of the non-metallic constituents—chlorine, carbonic

acid, &c.—contained in the
"

total solids." How does the

chemist, then, proceed to mate these two classes of constituents

together, so as to be able to state with confidence what salts,

and in what quantities, are held in solution in the water ? The
problem itself would appear to be an indeterviinaie one, at any
1 ate if there are more than two of either class of constituents.

What additional considerations are introduced to render the

problem determinate ? Are they definite chemical conditions ;

or is there more or less arbitrariness in the assumptions made,
so that two chemists would not necessarily arrive at the same
result ?

In the case of the Honolulu lake, there are, according to

Mr. Lyons's analysis, three non-metallic constituents [chlorine,

bromine, sjilphuric acid)
—

(is not the abfence of carbonic acid
remarkable ?)

—and four metals [sodium, potassium, calcium, mag-
nesium) ; the quantifies of which have, 1 suppose, been obtained

by direct analysis. From the tivelve possible combinations of
these constituents to foim simple %Si\\.%, five have been excluded,
the sulphates of sodium and potassium, and the bromides of
these metals and calcium also, thus reducing the number to

seven, the quantities of which can, of course, be definitely de-
termined from the seven direct data of the analysis. Is it certain,

however, on assured chemical grounds, that none of these ex-

cluded salts are contained in the water, and if not, on what

principle has their possible existence been ignored ?

I write, as is evident, with but very slight knowledge of
chemical analysis ; and possibly answers to my questions are
to be found in some text-book. If so, I should be obliged by a
reference to any easily accessible work in which the question is

discussed. R, B; H.
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Mental Arithmetic.

The following method of multiplying large numbers together
mentally, if new, may interest some of your readers. If it has
been published before, I should be glad to learn where it may
be found. The process is so simple tha^, though I have no
special gift for mental arithmetic, I was able, almost without

practice, to multiply together correctly seven figures by seven,
and to write down the result from left to right.

Suppose it is desired to multiply 123 by 456. The sum is

usually written thus :
—

123

456

738
615
492

56088

If, instead of completing each step in the multiplication as we
arrive at it, and carrying the tens to the left, the digits are

merely connected by the multiplication sign and written down
in their proper places, the result is :

—

I X4 2x4

1x6
2x5
3x4

2x6
3x5

3x6

1x4 (1x5 + 2x4) (1x6+2x5-1-3x4) (2x6-1-3x5) 3x6

If the figures in the lowest line are multiplied out and the tens
carried to the left in the usual way, the result is, of course, the
same as that given by the ordinary procedure. Thus, to obtain
the first figure, beginning at the right, we say : "3 x 6 = 18 ;

—
8 and carry i." To obtain the second figure : "2 x 6 = 12 ;

3 X 5 = 15 ; 12 -f 15 + I (which has been carried) = 28 ;—8
and carry 2." And so on. Thus each figure of the answer can
be obtained by multiplying together certain digits of the multi-

plier and multiplicand, and adding the amount to be carried

from the calculation of the previous figure, without the strain of

remembering all the horizontal rows of results and their relative

positions vertically. It remains only to show which digits of
the multiplier and multiplicand must be combined. A con-

sideration of the example worked out above will show that, to

obtain the first figure of the answer, we multiply the 1st digit

(from the right) of the multiplier (6) by the ist of the multi-

plicand (3). To obtain the second, we multiply the ist of the

multiplier by the 2nd of the multiplicand and the 2nd of the

multiplier by the ist of the multiplicand [i.e. the first two of

each line) crosswise, and add the products. Similarly, the third

figure is obtained by multiplying the first three digits of each
line crosswise, i.e. 1st by 3rd, 2nd by 2nd, and 3rd by ist, and

adding the products. The number of digits employed in the

process is now at a maximum, and begins to diminish. To
obtain the fourth figure, we multiply together crosswise all the

digits except the first of each line, i.e. the group . And to

obtain the last figure, we multiply all except the first two of

each line, i.e. the group .

If the number of digits in the multiplier is less than that in

the multiplicand, the procedure is the same till all the digits of

the multiplier are used in the combination. For each successive

figure, the group of digits in the multiplicand to be used shifts

along one place to the left till it comes to the end. The group
then diminishes as before, by dropping the right-hand digit in

each line. For example : the groups, the digits of which are

multiplied together crosswise, in multiplying 123456 by 789, are
as follows :

—
Digits— 8th. 7th. 6th. 5th. 4th. 3rd. 2nd. ist.

I 12 123 234 345 456 56 6

7 78 789 789 789 789 89 9

It will be found, on trial, that this method is quite easy, and
can be accomplished by anyone who can add together in his

head the products of two digits, and can remember the string
of figures which form the answer. This is most easily done by
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repeating the whole series from left to right, as each successive

figure is arrived at.

The power of multiplying as many as seven figures by seven

is not likely to be of much practical value, and when carried to

this stage the method is merely a curiosity ; but it may be of

use in helping us to multiply together small amounts, consisting
of two or three digits, which lie beyond the scope of the

multiplication table.

I will conclude with a short example, showing what passes

through the mind in working the method.

Multiply 987 by 654.

987
654

First figure.
—4 x 7 = 28. Eight, and carry two.

Answer (so far) 8

Second figure.
—4 x 8 = 32 + 2 (carried) = 34

+ 5 X 7 (= 35) = 69. Nine and carry six. Answer

(so far) 98
Third figure.

—4 x 9 = 36 + 6 (carried) = 42 + 5 x 8

(= 40) = 82 + 6 X 7 (= 42) = 124. Four and carry
twelve. Answer (so far) 498

Fourth figure.
—

5 x 9 = 45 + 12 (carried) = 57
+ 6 X 8 (= 48)

—
105. Five and carry ten. Answer

(so far) 5498
Fifth and sixth figures.

—6 x 9 = 54 + 10 (carried)
= 64. Answer 645498

Clive Cuthbertson.

A Rare Phenomenon.

I HAVE read with much interest the accounts of "the rare

phenomenon
"

observed by several of your correspondents

(published in Nature, vol. xliv. pp. 494, 519), as I noticed a

similar appearance here in Nova Scotia, at about the same time

(September 11).
A narrow ray

—
apparently of auroral light—spanned the

whole heavens from east to west, passing overhead a little to

the south of the zenith. There was little or no display of

auroral light in the north at the time.

A " harvest-horne
" was held here on September il, and I

noticed the appearance, I think, the same evening about
1 1 o'clock.

A number of persons in the town of Baddeck observed the

same or a similar phenomenon
"

very shortly before September
12." Alexander Graham Bell.
Beinn Bhreagh, near Baddeck, Cape Breton, N.S.,

November 6.

HENRY NOTTIDCE MOSELEY, F.R.S.

T HAVE been asked to write for the readers of Nature
- some account of my dear friend Moseley, who, after

an illness which removed him from all active life and
work for more than four years, died at Clevedon, in

Somersetshire, on November 10. He was only forty-
seven years of age ;

and when seized with the illness which
necessitated his retirement from active life, was at the
zenith of a wonderful career of scientific productiveness
and value. He had for six years held the Linacre

Professorship of Human and Comparative Anatomy in

the University of Oxford
;
and by his great energy and

commanding talent had succeeded in collecting around
him a most promising band of younger men devoted to

the investigation of embryological and morphological
problems. Baldwin Spencer, Gilbert C. Bourne, S. J.

Hickson, and G. Herbert Fowler, were his pupils, and
have shown by their numerous published works the value
of the teaching and impulse which he gave to them. In
the early days of his illness (1887), he was cheered by
receiving from the Royal Society the Royal Medal, in

recognition of the value of his researches on Peripatus,
the Hydrocorallinae, the Land Planarians, and the Chitons.

The blow caused by his serious illness was felt not only
in the scientific and social life of Oxford, but in many
other centres. We missed his valuable and practical

help in carrying to completion the Plymouth Laboratory
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of the Marine Biological Association, of which he had
been a most active and enthusiastic promoter ;

in the

editorship of the Quarterly Journal of Microscopical
Science I found myself once more deprived of the aid
of my most valued comrade, as I had been but a few

years previously when Frank Balfour died. The readers
of Nature and of the Athcna;um missed his varied and

always strongly-original contributions ; and the Zoological,

Anthropological, and Royal Societies had to regret his

absence from their meetings and Councils. Moseley had,
moreover, at this time made it a practice to give evening
lectures in the larger provincial towns as well as in

London : from all quarters came expressions of the deep
regret which his retirement from public work excited.

The amount and variety of work in which he engaged, in

addition to the remarkable and extraordinarily minute
course of lectures and laboratory work provided by him
for his pupils, were certainly more than was wise for

him to undertake. But it was a strange and to him a
disastrous fact that he never felt tired. He was an ex-

ceedingly strong man, and I never saw him fatigued
either by physical or mental exertion.

We made acquaintance in Rolleston's laboratory at the
Oxford University Museum in 1866, and became fast

friends and constant companions. Moseley's father was
a distinguished mathematician and Canon of Bristol,
Rector of Olvaston, near the Severn. Here, when I was

staying with Moseley in 1 871, we dissected and prepared
the skeleton of a huge grampus which is now in the Ox-
ford Museum

;
the carcass had made a tour of the neigh-

bouring villages for three weeks before we obtained pos-
session of it. Moseley was at school at Harrow, where
he chiefly occupied himself in birds'-nesting and "bug-
hunting," in conjunction with a small band of kindred

spirits. He was essentially a sportsman, knew every
kind of game and how to pursue it. He thoroughly dis-

liked the ordinary routine of school work, such as it was
in those days, and it was not until he had entered at

Exeter College, and .come under the teaching of the late

Prof. Rolleston, that his really keen and remarkable
intellectual powers began to show themselves. He had
somehow developed in early youth the most deep-rooted
scepticism which I ever came across among men of my
own age ; hence it was the reality of the work which he did
in the dissecting-room at the Museum which delighted
him and gave him confidence that there was "something
in it" worthy of his intellectual effort. With unfeigned
astonishment he would say, on dissecting out the nervous

system of a mollusk or some such structure, "It is like

the picture, after all !

" He had a profound disbelief in

the statements made in books unless he could verify them
for himself, and it was this habit of mind, perceived and
encouraged by Rolleston, which made him in after life so
admirable an observer and so successful as a discoverer
of new facts. Rolleston used to say that you had only to

put down Moseley on a hill-side with a piece of string
and an old nail, and in an hour or two he would have
discovered some natural object of surpassing interest.

He took great interest in all games, and was himself a
first-rate racket-player. In the vacations he got a fair

amount of shooting, and spent one "
long

"
shooting and

fishing in Norway. In the summer of 1867 we visited the

Channel Islands together, for the purpose of studying
marine animals. Whilst in Sark, after I had left him, he
made the acquaintance of an American painter named
Dix, and discovered himself to be no mean artist, bring-

ing back a number of really clever water-colours, his first

attempts in that direction. At this time and throughout
his life, those who met him were struck by his singularly
soft and agreeable voice, and by his great courtesy and

power of interesting, I may even say fascinating, the most

unpromisingand unlikely of the companions amongst whom
he chanced to find himself— I mean stiff old gentlemenand
demure old ladies. To companions of his own age he
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was fond of adopting the free discourse and chaff of

school-boy days. His friendship was Hke that of the

explorers and prairie-hunters of whom he loved to read—
absolutely staunch. If you had the good fortune to be

his "
chum," he would stand by you through thick and

thin, and share all he had with you. I do not think there

was any limit to what he would have done for his friend.

We took our degrees together in 1868
;
and in the fol-

lowing spring
—he having been elected Radclifife Travel-

ling Fellow, and I Burdett-Coutts Scholar—we spent six

weeks in the Auvergne and the country between that and
Marseilles. In the following winter (February 1870) we
took up our quarters together at Vienna, and studied with

Strieker, and in Rokitanski's laboratory. He entered,
on our return, at University College, London, as a student
of the Medical Faculty. In 1871, after his winter medical

session, he joined me at Leipzig, where his great abilities

were discerned and thoroughly appreciated by Prof. Lud-

wig, in whose laboratory we had the privilege of working.
His first scientific memoirs were published whilst he was
here—one, on the nerves of the cornea of mammals, as
shown by the gold method (then not so familiar as it is

now), and one on the circulation in the wing of the cock-
roach.

In the autumn of the same year, Moseley went,as member
of the Government Eclipse Expedition, to Ceylon,under Mr.
Norman Lockyer, whilst I joined Anton Dohrn at Naples.

Moseley made valuable spectroscopic observations of the

eclipse at Trincomali, and also brought home a large booty
of Land Planarians, which he at once studied by means of

sections, going to Oxford for the purpose of using the

laboratory and the library attached to the Museum. This
admirable piece of work delighted Rolleston, who com-
municated it to the Royal Society ; it was published in

the Philosophical Transactions after Moseley had sailed

on the Challenger, as one of the naturalists of the

Expedition, in December 1872. We did not see him
again until May 1876, but I had frequent letters from

him, and sometimes a small parcel, or some photographs.
Of the scientific staff of the Expedition, Wyville Thom-
son and Suhm are dead, as well as Moseley ; John Murray
and J. Y. Buchanan are the two survivors. Moseley,
although not a botanist, undertook the collecting of plants
whenever the Expedition touched land

;
he also made

important anthropological studies on the Admiralty
Islanders, and has published a wonderful mass of notes
and observations, accompanied by plates and woodcuts,
in his " Notes of a Naturalist on the Challe}2ger." He
showed the stuff he was made of very soon after

the Expedition started, viz. on the arrival of the

Challenger at the Cape. He immediately started off

in quest of Peripatus
—a strange, imperfectly described

beast which we had discussed together over some
spirit specimens of it which I had received from Roland
Trimen, of Cape Town. Moseley had made up his mind
before he left England to "tackle" Peripatus, and he
did so. He obtained living specimens, discovered the
tracheae and the most important features in the develop-
ment, showing that the "jaws" are in-turned parapodia—and sent home a memoir which was at once published
in the Philosophical Transactions. In the later part of

the voyage he was occupied with the corals, and especially
the Milleporesand Stylasterids. The wonderfully elaborate

plates, and the discovery they embodied, necessitating
the formation of a new group of animals, the Hydro-
corallinas, were the first-fruits of his voyage which he

produced on landing in 1876. During his absence both
his father and his mother had died. His old College,
Exeter—where I became a Fellow in the year of the

Challenger''s departure
—now was inspired through the

good offices of an eminent Greek scholar, with the happy
thought of offering Moseley a Fellowship and a home in

the College, so that he found on landing a welcome
awaiting him, and a place in which to store for a while
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his treasures. I do not think that a College Fellowship
was ever better bestowed : that was in the good old days
before Lord Selborne's Commission. In his rooms in

Exeter, Moseley displayed his Japanese and Melanesian

curiosities, and wrote many papers embodying the ob-

servations made during his voyage, besides the book
above mentioned. He was elected F.R.S. in 1879, and
after a visit to Oregon (of which he published an account)
was appointed (1879) Assistant Registrar of the University
of London. He took up his residence in Burlington
Gardens, but not for long. In 1881 he married the

youngest daughter of Mr. J. Gwyn Jeffreys, F.R.S.
,
the

distinguished conchologist, and in the same year was
elected, on the death of his teacher and close friend. Prof.

Rolleston, to the Linacre Professorship in the University
of Oxford.

Moseley had had no previous experience in teaching,
but he set to work with that unbounded energy and

strength which characterized him. He spared no pains
to make his lectures absolutely up to date, and arranged
a thorough laboratory course extending over two years to

illustrate them. The regulations of the University as to

examinations and curriculum were at that time not un-

favourable to the study of animal morphology, and

Moseley usually had ten or a dozen serious students

besides the elementary class. Lincoln, University, and
New Colleges encouraged his and their efforts by offering
and awarding Fellowships to students of the University

distinguished in animal morphology ; and after six years
all was progressing as satisfactorily as possible, v/hen he

was attacked by illness which brought his work to an
end. Not only was he unable to carry on his work, but his

absence naturally enough was unfavourable to the in-

terests of those studies which he would have fostered

and guarded, had he been able to take part in the legisla-

tion of the University.

During the happy and busy six years which Moseley
spent as Linacre Professor at Oxford, he trained Bourne,

Hickson, and Fowler to carry on his coral work
;
with

Baldwin Spencer he investigated the pineal eye of

Lacertilia, and himself published his remarkable dis-

covery of eyes and other sense-organs in the shells of

Chitonidae. He was largely instrumental in securing
the Pitt- Rivers collection of anthropological objects for

the University, and superintended the preliminary ar-

rangement of the collection in the building erected for

it. He served twice on the Council of the Royal Society,
was a founder and member of Council of the Marine

Biological Association, and was President of Section D
of the British Association at the Montreal meeting.

His love of travel was shared by his wife, who went
with him from Montreal to Arizona to visit the town-

building Indians of that remote region, and who, only
a year before his illness, accompanied him on an
Easter holiday trip to Tangier and Fez. During his

illness she has been his constant companion. He leaves,
besides her, two daughters and a son.

E. Ray Lank ester.

ON THE VIRIAL OF A SYSTEM OF HARD
COLLIDING BODIES.

A RECENT correspondence has led me to examine
the manner in which various authors have treated

the influence of the finite size of molecules in the virial

equation, and I should like to lay a few remarks upon the

subject before the readers of Nature.
To fix the ideas, we may begin by supposing that the

molecules are equal hard elastic spheres, which exert no
force upon one another except at the instant of collision.

By calling the molecules hard, it is implied that the col-

lisions are instantaneous, and it follows that at any
moment the potential energy of the system is negligible
in comparison with the kinetic energy.
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If the volume of the molecules be very small in com-
parison with the space they occupy, the virial of the im-

pulsive forces may be neglected, and the equation may
be written

pv = ^'S.mY-, ( I

where p is the pressure exerted upon the walls of the

inclosure, v the volume, m the mass, and V the velocity of
a molecule.

In his essay of 1873 Van der Waals took approximate
account of the finite size of the molecules, using a peculiar
process to which exception has been taken by Maxwell
and other subsequent writers. It must be said, however,
that this method has not been proved to be illegitimate,
and that at any rate it led Van der Waals to the correct
conclusion—

p{v -
b) - ^:S.)iiY\ (2)

in which b denotes four times the total volume of the

spheres. In calling (2) correct, I have regard to its

character as an approximation, which was sufficiently in-

dicated by Van der Waals in the original investigation,
though perhaps a little overlooked in some of the

applications.
In his (upon the whole highly appreciative) review of

Van der Waals's essay. Maxwell (Nature, vol. x. p. 477,
1874) comments unfavourably upon the above equation,
remarking that in the virial equation v is the volume of
the vessel and is not subject to correction.^

" The effect of
the repulsion of the molecules causing them to act like

elastic spheres is therefore to be found by calculating the
virial of this repulsion." As the result of the calculation
he gives

logf
I - 8 £ + '-If

-
. .

) j

, . (3)pv =
i-SwV^ji

where o- is the density of the molecules, and p the mean
density of the medium, so that p/o-

= bj^v. If we expand
the logarithm in (3), we obtain as the approximate
expression, when pla- is small,

pv = \-X>n V-"(i + ^bjv),

or, as equally approximate,

. . (4)

/ (i^
- 4 /')

= i 2 m V^ (5)

which does not agree with (2).

The details of the calculation of (3) have not been pub-
lished, but there can be no doubt that the equation itself

is erroneous. In his paper of 1881 {IVied. Ann., xii.

p. 127), Lorentz, adopting Maxwell's suggestion, inves-

tigated afresh the virial of the impulsive forces, and
arrived at a conclusion which, to the order of approxima-
tion in question, is identical with (2). A like result has
been obtained by Prof. Tait (Edin. Trans., xxxiii. p. 90,
1886).

It appears that, while the method has been improved,
no one has succeeded in carrying the approximation
beyond the point already attained by Van der Waals in

1873. But a suggestion of great importance is contained
in Maxwell's equation (3), numerically erroneous though
it certainly is. For, apart from all details, it is there

implied that the virial of the impacts is represented by
J 2 w V^, multiplied by some function of p/cr, so that, if the
volume be maintained constant, the pressure as a func-
tion of V is proportional to 2 m V-. The truth of this

proposition is evident, because we may suppose the velo-

cities of all the spheres altered in any constant ratio,
without altering the motion in any respect except the
scale of time, and then the pressure will necessarily be
altered in the square of that ratio.

It will be interesting to inquire how far this conclusion
is limited to the suppositions laid down at the commence-

' In connection with this it may be worth notice that for motion in one
dimension the form (2) is exact.
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ment. It is necessary that the collisions be instantaneous,
in relation, of course, to the free time. Otherwise, the

similarity of the motion could not be preserved, the
duration of a collision, for example, bearing a variable
ratio to the free time. On the same ground, vibrations
within a molecule are not admissible. On the other

hand, the limitation to the spherical form is unnecessary,
and the theorem remains true whatever be the shape of
the colliding bodies. Again, it is not necessary that the

shapes and sizes of the bodies be the same, so that

application may be made to mixtures.

In the theory of gases, SwV- is proportional to the
absolute temperature ; and whatever doubts may be felt

in the general theory can scarcely apply here, where the

potential energy does not come into question. So far,,

then, as a gas may be compared to our coUiding bodies,
the relation between pressure, volume, and temperature is

P =
T<|.(z;), (6>

where 0(z') is some function of the volume. When v is

large, the first approximation to the form of is

V

In the case of spheres, the second approximation is

<?>(c

K _^Kh

where b is four times the volume of the spheres.]
Thus far we have supposed that there are no forces

between the bodies but the impulses on collision. Many
and various phenomena require us to attribute to actual
molecules an attractive force operative to much greater
distances than the forces of collision, and the simplest
supposition is a cohesive force such as was imagined by
Young and Laplace to explain capillarity. We are thus
led to examine the effect of forces whose range, though
small in comparison with the dimensions of sensible

bodies, is large in comparison with molecular distances.
In the extreme case, the influence of the discontinuous
distribution of the attractive centres disappears, and the

problem may be treated by the methods of Laplace.
The modification then required in the virial equation is

simply to add 1 to^ a term inversely proportional to v^-
as was proved by Van der Waals

;
so that (6) becomes

/!= T^(z')
- av- (7)

According to (7), the relation between pressure and
temperature is linear—a law verified by comparison with
observations by Van der Waals, and more recently and
extensively by Ramsay and Young. It is not probable,
however, that it is more than an approximation. To
such cases as the behaviour of water in the neighbour-
hood of the freezing-point it is obviously inapplicable.

In their discussions, Ramsay and Young employ the
more general form—

/ - i:<p{v) + x(v); (8)

and the question arises, whether we can specify any
generalization of the theoretical conditions which shall

correspond to the substitution of x i"^) for a v"-. It

would seem that, as long as the only forces in operation
are of the kinds, impulsive and cohesive, above defined,
the result is expressed by (7) ; and that if we attempt to

include forces of an intermediate character, such as may
very probably exist in real liquids, and must certainly
exist in solids, we travel beyond the field of (8), as well

as of (7). It may be remarked that the equation sug-

gested by Clausius, as an improvement on that of Van
der Waals, is not included in (8).

• It thus appears that, contrary to the assertion of Maxwell,/ is subject
to correction. It is pretty clear that he had in view an attraction of much
smaller range than that considered by Van der Waals.
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Returning to the suppositions upon which (7) was

founded, we see that, if the bodies be all of one shape,

e.g. spherical, the formula contains only two constants—
one determining the size of the bodies, and the second
the intensity of the cohesive force ; for the mean kinetic

energy is supposed to represent the temperature in all

cases. From this follows the theorem of Van der Waals

respecting the identity of the equation for various

substances, provided pressure, temperature, and volume
be expressed as fractions of the critical pressure, tem-

perature, and volume respectively. If, however, the

shape of the bodies vary in different cases, no such con-

clusion can be drawn, except as a rough approximation
applicable to large volumes. Rayleigh.

Terling Place, Witham, November 18.

THE IMPLICATIONS OF SCIENCE}

II.

I
MIGHT now at once return to further consider those

impHcations of science to which I have called your
attention, but I think it will be better to first briefly pass
two important matters in review.

The first concerns our means of investigation as to

such fundamental questions.
The second relates to our ultimate grounds for forming

judgments about them. We have to consider how funda-

mental truth can be acquired and tested.

Evidently the only means of which we can make use

are our thoughts., our reason, our intellectual activity.
"
Thoughts

"
may be, and should be, carefully examined

and criticized ;
but however much we may do so, and

whatever the results we arrive at, such results can only
be reached by thoughts, and must be expressed by the

aid of our thoughts. This will probably seem such
a manifest truism that I shall be thought to have com-
mitted an absurdity in enunciating it. To suppose that

by any reasoning we can come to understand what we
can never think, may seem an utterly incredible folly ;

yet at a meeting of a Metaphysical Society, in London,
a speaker, not long ago, expressly declared "thought"
to be a misleading term, the use of which should be
avoided.
Now I am far from denying that unconscious activities

of various different orders take place in our being, yet
whatever influence such activities may have they cannot
affect our judgments save by and in thoughts.

If a man is convinced that thoughts are worthless tools,
he can only have arrived at that conclusion by using the

very tools he declares to be worthless. What, then, ought
his conclusion to be worth even in his own eyes ?

It is simply impossible by reason to get behind or

beyond conscious thought, and our thoughts are and must
be our only means of investigating problems however
fundamental.
Even in investigating the properties of material bodies,

it is to self-conscious reflective thought that our final

appeal must be made.
For it is to our thoughts, and not to our senses only,

that our ultimate appeal must be made, even with respect
to the most material physical science matters.

Some persons may imagine that with respect to investi-

gations about the properties of material bodies, it is to

our sensations alone that we must ultimately appeal.
But it is not so

; anyone would be mad to question the

extreme importance, the absolute necessity, of our sensa-

tions in such a case. Nevertheless, after we have made
all the observations and experiments we can, how can we
know we have obtained such results as we may have

obtained, save by our self-conscious thought .^ By what

'
Friday Evening Discourse delivered at the Royal Institution by Dr. St.

George Mivart, on June 5, 1891. Continued from p. 62.

other means are we to judge tetween what may seem
to be the conflicting indications of different sense

impressions?
Our senses are truly tests and causes of certainty, but not

the test. Certainty belongs to thought, and self-conscious

reflective thought is our ultimate, absolute criterion.

As to the ultimate grounds on which our judgments re-

specting such problems must repose, as Mr. Arthur
Ballour has foicibly pomted out, that it is a question
altogether distinct from that of the origin of our judg-
ments, or from reasonings about their truth . Such matters
are very interesting, but they are not here in point, since

it is plain that no proposition capable of proof can be one
the certainty of which is fundamental. For, in order to

prove anything by reasoning, we must show that it

necessarily follows as a consequence from other truths,
which therefore must be deemed more indisputable. But
the process must stop somewhere. We cannot prove
everything. However long our arguments may be, we
must at last come to ultimate statements, which must be
taken for granted, like the validity of the process of reason-

ing itself, which is one of the implications of science. If

we had to prove either the validity of that process or such
ultimate statements, then either he must argue in a circle,
or our process of proof must go on for ever without com-

ing to a conclusion, which means there could be no such

thing as "
proof" at all.

Therefore the "grounds of certainty" which any
fundamental proposition may possess cannot be anything
external to it

—which would imply this impossible proof
The only ground of certainty which an ultimate judgment
can possess is its own self-evidence

—its own manifest

ctxK.'acmX.y in and by itself. All proof, all reasoning, must

ultimately rest upon truths which carry with them their

own evidence, and do not therefore need proof.
It is possible that some of my hearers may be startled

at the suggestion of believing anything whatever on "
its

own evidence," fancying it is equivalent to a suggestion
that they should believe anything blindly. This, I think,
is due to the following fact of mental association. The
immensely greater part of our knowledge is gained by us

indirectly—by inference or testimony of some kind.

We commonly ask for some proof with regard to any
new and remarkable statement, and no truths are brought
more forcibly home to our minds than are those demon-
strated by Euclid. Thus it is that many persons have

acquired a feeling that to believe anything which cannot
be proved, is to believe blindly. Hence arises the

tendency to distrust what is above and beyond proof. We
are apt to forget, what on reflection is manifest—namely,
that if it is not blind credulity to believe what is evident

to us by means of something else, it must be still less

blind to believe that which is directly evident in and by
itself.

And self-conscious reflective thought tells me clearly,
that the law of contradiction is not only implied by all

science, and necessary to the validity of all science, but
that it is, as I said, an absolute, necessary truth which
carries with it its own evidence. It must be a truth, then,

applicable both to the deepest abyss of past time and the

most distant region of space. But here, again, I think it

possible that one [or two of my hearers may be startled,
and perhaps doubting how things in this respect may be
in the Dog-star now, or how they were before the origin
of the solar system. I fancy I hear someone asking :

" How is it possible that we, mere insects, as it were, of a

day, inhabiting an obscure corner of the universe, can
know that anything is and must be true for all ages and

every possible region of space 1
"

In the first place, I think the difficulty which may be
thus felt is due to the abstract form of the law of con-

tradiction. And yet, as I said before, it is but the

summing up of all the particular instances, as to each
one of which no difficulty at all is felt, but each is clearly
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seen to be true. Any man who really doubted whether, if

his legs were cut off, they might not at the same time
remain on, would have a mind in a diseased condition.
There is, however, another reason which indisposes

some persons to see the necessary force of this law. It

is due, I think, to a second fact of mental association.

Things which are very distant, or which happened a

long time ago, are known to us only in roundabout
ways, and we often feel more or less want of certainty
about them. On the other hand, we have a practical
certainty concerning the things which are about us at any
given moment. Thus we have come to associate a feeling
of uncertainty with statements about things very remote.
But nothing can well be more remote from us than "the
most distant regions of space

" or " before the origin of the
solar system." It is not surprising, then, that this mental
association should call forth a feeling of uncertainty with

respect to any statement about universal truth.

It is, no doubt, wonderful that we should be able to
know any necessary and universal truths

; but it is less

exceptionally wonderful, when we come to think the matter
all round, than it may at first sight appear to be. It is

wonderful
; but so, deeply considered, is all our know-

ledge. It is wonderful that through molecular vibrations,
or other occult powers of bodies, we have sensations—
such as of musical tones, sweetness, blueness, or what
not. It is wonderful that through sensations, actual and
remembered, we have perceptions. It is wonderful that
on the occurrence of certain perceptions we recognize our
own existence past and present. So, also, it is wonderful
that we recognize that what we know "zV' cannot at the
same time "

not be." The fact is so, and we perceive it

to be so
; we know things, and we know that we know

them. How we know them is a mystery, indeed,
but one about which it is, I think, perfectly idle to

speculate. It is precisely parallel to the mystery of
sensation. We feel things savoury, or odorous, or brilliant,
or melodious, as the case may be, and with the aid of the

scalpel and the microscope we may investigate the material
conditions of such sensations. But hotv such conditions
can give rise to the feelings themselves is a mystery
which defies our utmost efforts to penetrate. I make no
pretension to be able to throw any light upon the problem" How is knowledge possible 'i

"
any more than on the

problem
" How is sensation possible ?" or on the ques-

tions "How is life possible .'"' or "How is extension

possible." But "
Ignorantia modi tjori tollit certittidt7icm

factl.'" And we know that we are living, that we feel,
and that we do know something— if only that we know
we doubt about the certainty of our knowledge.
And apropos of such doubt, let me here put before you

the intellectual penalties which have to be paid for any
real and serious doubt with respect to the implications of
science. I think we shall .see that nothing less than in-

tellectual suicide or mental paralysis must be the result.

And such a result must also be logically fatal to every
branch of science. The first implication I put before you
was the validity of infcrentc.

Now, no one who argues, or who listens to or reads—
with any serious intention—the arguments of others, can,
without stultifying himself, profess to think that no pro-
cess of reasoning is valid. If the truth of no mode of

reasoning is certain, if we can make no certain inferences
at all, then all arguments must be useless, and to proffer,
or to consider, them must be alike vain. But not only
must all reasoning addressed to others be thus vain, the
silent reasoning of solitary discursive thought must be
vain also. Yet what does this amount to save an utter

paralysis of the intellect ? It is scepticism run mad.
But the implication I regard as one of the most im-

portant of all is the implication of our knowledge of our
own continuous existence, concerning which I said I

must crave your permission to speak at some length. It

was the mention of this implication which led me to
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refer to that system of thought it is my object here to

controvert.

I have heard it proclaimed in this theatre by Prof.

Huxley that we cannot have supreme certainty as to our
own continuous existence, and that such knowledge is

but secondary and subordinate to our knowledge of our

present feelings or "
states of consciousness."

Of course I am not thus accusing him of originating
any such erroneous view. In that matter he is but a
follower of that daring and playful philosopher Hume. I

say
"
playful," because I cannot myself think that he

really believed his own negations. He seems to me too

acute a man to have been himself their dupe. But how-
ever this may be, I here venture directly to contradict

Hume's and Prof. Huxley's affirmation, which is also

adopted by Mr. Herbert Spencer, and to affirm that we
have the highest certainty as to our own continuous
existence.

It is, of course, quite true that we have complete
certainty about our present feelings, as also that we can-
not know ourselves apart from our feelings. But it is no
less true that we cannot be conscious of feelings apart
from the "self" which has those feelings. Now, it is

assumed by those I oppose that we can know nothing
with absolute certainty unless we know it by itself or
"
unmodified," or as existing

"
absolutely." But in fact

nothing, so far as we know, exists apart from every other

entity and unmodified—or "
absolutely" as it is, in my

opinion, absurdly called. No wonder, then, if we do not

know things in a way in which they never do, and

probably never can, exist. We can really know nothing
by itself because nothing exists by itself. It is not

wonderful, then, if we only know ourselves as related to

our simultaneously known feelings, or rdce 7.'ersd.

It is quite true that we never know our own substantial

essential being alone and unmodified, but then we have
never for an instant so existed. Our knowledge of ourselves

in this respect is like our knowledge of anybody and

everybody else. Most persons here present doubtless

know Prof. Tyndall, yet they never knew him, no
one ever knew him, except in some " state"— either
at home or away from home, either sitting or not

sitting, either in motion or at rest, either with his

head covered or uncovered—and this for the very

good and obvious reason that he never did or could

exist for a moment save in some "
state." But this

does not prevent your knowing him very well, and the

same consideration apphes to our knowledge of ourselves.

When I consider what is my primary, direct conscious-

ness at any moment, I find it to be neither a conscious-

ness of a "
state of feeling

'' nor of my "continuous exist-

ence," but a consciousness of doing something or having
something done to me—action or reaction. I have always,

indeed, some "feeling" and also some sense of my "self-

existence
"

;
but what I perceive primarily, directly, and

immediately is neither the "feeling" nor the "self-exist-

ence," but some concrete actual doing, being, or suffering
then experienced. We can, indeed, become distinctly and

explicitly aware of either the "
feeling

"
or the

"
self-exist-

ence "
by turning back the mind upon itself. But to

know that one " has a feeling" or is in a "
state," or even

that a "
feeling exists," is plainly an act by which no one

begins to think. It is evidently a secondary act—an act

of reflection. No one begins by perceiving his percep-
tion a bit more than he begins by expressly adverting to

the fact that it is he himself who perceives it.

Let us suppose two men to be engaged in a fencing
match. Each man, while he is parrying, lunging, &c.,

has his "feelings" or "
states," and knows that it is "he"

who is carrying on the struggle. Yet it is neither his
" mental states" nor the "persistence ofhis being'^ which
he directly regards, but his concrete activity

—what he is

doing and what is being done to him. He may, of course,
if he chooses, direct his attention either to the feelings
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he is experiencing or to his underlying continuous per-

sonality. Should he do so, however, a hit from his

adversary's foil will be a probable result.

But to become aware that one has any definite feeling
is a reflex act at least as secondary and posterior as it is

to become aware of the
" self" which has the feeling. I

say
" at least" but I believe that of the two perceptions

(i) of "
feehngs," and (2) of

"
self," it is the " self" which

is the more prominently given in our primary, direct

cognitions.
I believe that a more laborious act of mental digging is

requisite to bring explicitly to light the implicit mental

state, than to bring forward explicitly the implicit
"

self-

existence.'"' Men continually and promptly advert to the

fact that actions and sufferings are their own, but do not

by any means so continually and promptly advert to

the fact that the feelings they experience are
"
existing

feelings."
Therefore I am convinced that one of the greatest and

most fundamental errors of our day is the mistake of

supposing that we can know our " mental states
" or

"
feelings," more certainly and directly than we can

know the continuously existing self which has those

feelings.
Our perception of our continuous existence also in-

volves the validity of our faculty of memory, which is

implied in this way, as well as in every scientific ex-

periment we may perform. For we cannot obviously
have a reflex perception either of our "

feelings
"

or our
"
self-existence," without trusting our memory as to the

past ; since, however rapid our mental processes may
be, no mental act takes place without occupying some
period of time, and, indeed, nervous action is not ex-

tremely rapid. In knowing, therefore, such facts by a
reflex act, we know by memory what is already past.
Thus our certainty as to our own continuous existence

necessarily carries with it a certainty as to our faculty of

memory. Therefore, the mental idiocy of absolute scep-
ticism is the penalty that has to be paid for any real

doubt about our own existence or the trustworthiness of

thefaculty of memory, for all our power of reposing con-
fidence in our observations, experiments, or reasonings,
would, in that case, be logically at an end. On the
other hand, the validity of our faculty of memory esta-

blishes once for all (as we have seen) the fact that we
can transcend our present consciousness and know real

objective truth.

Let us now see the consequences of the denial, or real
doubt of the second implication of science—the " law of

contradiction." Without it we can be certain of nothing,
and it therefore lands us in absolute scepticism. And if

we would rise from that intellectual paralysis we must
accept that dictum as it presents itself to our minds

; and
the dictum presents itself to my mind, not as a law of

thought only, but a law of things. It affirms, for example,
that no creature anywhere orianywhen can at the same
time be both bisected and entire.

An amusing instance of the way in which very dis-

tinguished men may be misled as to the question of our

power of perceiving necessary truth is offered by an

imaginary case which has been put forward by Prof.

Clifford and Prof. Helmholtz. Their object in advancing
it was to show, by an example, how truths which appear
necessary to us are not objectively necessary. But the

result appears to me to show the direct contradictory of

what they intended. Their intention evidently was to

support the proposition that we can know " no truths to

be absolutely necessary," and the result is to show that,
even according to them,

" some truths are absolutely

necessary." The necessary truths they propose to con-

trovert are that " a straight line is the shortest line

between two points," and that
" two straight lines cannot

inclose a space."
For this purpose, curious creatures, possessing "length
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and breadth but no thickness, were supposed, by them,
to be living on a sphere with the surface of which their

bodies would coincide. They were imagined to have

experience of length and breadth in curves, but none of

height and depth, or of any straight lines. To such crea-

tures, it was said, our geometrical necessary truths would
not appear "truths" at all. A straight line for them
would not be the shortest line, while two parallel lines

prolonged would inclose a space.
To this imaginary objection I reply as follows :

—
"
Beings so extraordinarily defective might, likely enough,

be unable to perceive geometrical truths which to less

defective creatures-—such as ourselves—are perfectly
clear. Nevertheless, if they could conceive of such things
at all, as those we denote by the terms '

straight lines
'

and '

parallel lines,' then there is nothing to show that

they could not also perceive those same necessary truths

concerning them which are evident to us."

It is strange that the very men who make this fanciful

objection, actually show, by the way they make it, that

they themselves perceive the necessary truth of those

geometrical relations the necessity of which they verbally

deny. For how, otherwise, could they affirm what would
or would not be the necessary results attending such

imaginary conditions? How could they confidently
declare what perceptions such conditions would cer-

tainly produce, unless they were themselves convinced
of the validity of the laws regulating the experiences of

such beings ? If they affirm, as they do, that they per-
ceive what must be the truth in their supposed case,

they thereby implicitly assert the existence of some abso-

lutely necessary truths, or else their ov/n argument itself

falls to the ground.
But this same implication of science, respecting the

objective absolute validity of the law of contradiction,
also refutes that popular system of philosophy which
declares that all our knowledge is merely relative, and
that we can know nothing as it really exists independ-
ently of our knowledge of it, the system which proclaims
the

"
relativity of knowledge^

Of course anything which is ''known to us" cannot at

the same time be " tmknowtt to us" and so far as this,

our knowledge may be said to affect the things we know.
But this is trivial. Our "knowing" or "

not-knowing
"

any object is—apart from some act of ours which results

from our knowledge—a mere accident of that body's

existence, which is not otherwise affected thereby.

Again, as I before remarked, nothing, so far as we
know, exists by itself, and unrelated to any other thing.
To say, therefore, that "all our knowledge is relative"

might only mean that knowledge concords with objective

reality. But this is by no means what the upholders of

the "
relativity of knowledge

" intend to signify. They
deny the objective validity, the actual correspondence
with reality, of any of our perceptions or convictions—
even, as Mr. Herbert Spencer tells us, our cognition of
"
difference."

Every system of knowledge, however, must start with
the assumption, implied or expressed, that something is

true. By the teachers of the doctrine of the "
relativity

of knowledge
"

it is evidently taught that the doctrine of

the relativity of knowledge is true. But if we cannot
know that anything corresponds with external reality, if

nothing we can assert has more than a relative or phe-
nomenal value, then this character must also appertain to

the doctrine of the "
relativity of knowledge." Either ,

this system of philosophy is merely relative or pheno-
menal, and cannot be known to be true, or else it is abso-

lutely true, and can be known so to be. But it must be

merely relative and phenomenal, if everything known by
man is such. Its value, then, can be only relative and

phenomenal, therefore it cannot be known to correspond
with external reality, and cannot be asserted to be true ;

and anybody who asserts that we can know it to be true,
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thereby asserts that it is false to say that our knowledge
is only relative. In that case some of our knowledge
must be absolute

;
but this upsets the foundation of the

•whole system. Anyone who upholds such a system as

this may be compared to a man seated high up on the
branch of a tree which he is engaged in sawing across
where it springs from the tree's trunk. The position
taken up by such a man would hardly be deemed the

expression of an exceptional amount of wisdom.

My time has expired, and I may say no more. The con-
siderations I have put before you this evening, should

they commend themselves to your judgment, will, I think,
lead you to admit that, if we feel confidence and certainty
in any part of any branch of physical science, we thereby
implicitly affirm that the human mind can, by conscious-
ness and memory, know more than phenomena—can
know some objective reality

—can know its own continuous
existence—the validity of inference and the certainty of
universal and necessary truth as exemplified in the law
of contradiction. In other words, the system of the

relativity of knowledge is untrue. Thus the dignity of
that noble, wonderful power, the human intellect, is fully

-established, and the whole of our reason,
" from turret to

foundation-stone," stands firmly and secure. If I have
succeeded in bringing this great truth home to one or
two of my hearers who before doubted it, I am abund-

antly repaid for the task I have undertaken. It only
remains for me now to thank you for the kind and patient
hearing you have been so good as to accord me.

EXAMINA TIONS IN SCIENCE.

'X'HE Committee of the Privy Council on Education
-* have just announced an important decision with

regard to the examinations of the Science and Art Depart-
ment in science.

The number of candidates presenting themselves for

examination in science is already so large—about 190,000
papers in various branches of science were worked at the
examination in May last, besides above 14,000 practical
examinations—that the machinery of examination and
registration is already severely strained. These numbers
will in all probability soon be so increased as to render
it impossible to make satisfactory arrangements for the
examination of the candidates at the local centres, or for

the examination of the worked papers under any system
of central examination.

At the same time the means recently placed at the

disposal of local authorities for providing or aiding
instruction seem to render it unnecessary for the Science
and Art Department to continue to give direct aid for

very elementary instruction in science. Such instruction
can now be more effectually organized and maintained

locally.
Under these circumstances it has been decided that

after the May examinations of 1892 the payments of ^i
now made for the second class in the elementary stage of
each science subject shall cease.^ An elementary paper
will continue to be set in each subject, but the results
will be recorded simply as pass or fail, the standard for

passing being about the same as that now required for a
first class, i.e. about 60 per cent, of the marks obtainable.
At the same time, with a view to encourage more ad-

vanced instruction, which does not seem to be adequately
provided for at present, the payments for the advanced
stage and for honours will be considerably increased.
The payments on results will then be £2 for a pass in the

elementary stage ; ^5 and £2 los. for a first or second
class respectively in the advanced stage ;

and ^8 and
^4 for a first or second class respectively in honours, in

each subject of science, and in each subdivision of

' The payments on the results of the e.xaminations in 1892 will not be
aflected by this Minute.
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subject 6, theoretical mechanics, or of subject 8, sound,

heat, and light, with the following exceptions :
—The

payments for practical chemistry will be ^3 for a

pass in the elementary stage, and £6 and £-^ 10s.

respectively for a first or second class in the advanced

stage ;
the payments for mathematics will be £2 for a

pass in stage i, £2, and £2 respectively for a first or

second class in stages 2 and 4, £4. and ^3 for a first

or second class respectively in stage 3, ^5 and ^4
for a first or second class respectively in stages 5, 6, and 7,

and ^8 and ^4 respectively for a first or second class in

honours. The payment for section i (geometrical

drawing) of subject i will remain as at present, los.

The payment for attendance in an organized science

school will be increased to £\ in the day school and 103.

in the night school.

As it is of great importance to prevent large numbers
of wholly unqualified candidates being presented at the

examinations, the examiners will be instructed to note

the papers of all such as would not obtain above twenty-
five per cent, of the marks, and a deduction will be made
from the grant to each school for each such paper suf-

ficient to cover the cost incidental to its examination.

The committee of a science school in a place in Great

Britain with less than 5000 inhabitants which does not

receive aid from the local authority, or of any science

school in Ireland, will be allowed to continue until further

notice on the present system, if they so desire it.

NOTES.
The subject of an International Congress of Electricity, to

be held at Chicago in connection with the World's Fair, con-

tinues to attract much attention in America. A report about

the matter has been presented to the Director-General of the

Exhibition by Mr. J. Allen Hornsby, secretary of the department
of electricity. During a recent visit to Europe, Mr, Hornsby
discussed the question with several leading men of science in

England and on the Continent, and he was encouraged by
them to believe that, if certain conditions were complied with,

the success of the Congress would be certain. They all agreed

that the Congress should be held under the auspices of the

U.S. Government. Invitations, they thought, should be issued

by the Government to individual scientific men through the

Governments of the countries to which the individuals belong.

"This course of action," says Mr. Hornsby,
"

in the opinion of

the authorities whom I consulted, will insure an official char-

acter to the proceedings of the scientific Congress, and will

virtually pledge the various Governments to a recognition and

adoption of the standards created."

Prof. Joseph Wolstenholme, whose name was well known

to mathematicians, died on November 18 in his sixty-third year.

He graduated at Cambridge as third wrangler in the Mathe-

matical Tripos of 1850, and became a Fellow first of St. John's

College, then of Christ's, where he was for many years a member

of the tutorial staff. After vacating his Fellowship by marriage

in 1869, he was appointed the first Professor of Mathematics in

the Engineering College at Cooper's Hill—a position from

which failing health compelled him to withdraw a year or two

ago. "With the Rev. Percival Frost, he wrote a treatise on solid

geometry, published in 1863. He also collected many original

mathematical problems, devised by himself, in a volume which

appeared in 1867, and again in 1878.

We regret to announce the death of Mr. S. F. Downing

Principal of the Civil Engineering College, Seebpur, Calcutta,

which took place at Coonoor, Madras, on October 16 last, at

the comparatively early age of forty-seven. The Englishman
of October 24 says :

—"The deceased gentleman was educated

at Trinity College, Dublin, and was a graduate of Dublin
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University in Arts and Engineering. He came out to India

in 1869 as Professor of Civil Engineering in the Engineering

Department of the Presidency College, Calcutta, and when that

Department was amalgamated in l88o with the Dehree Training

School, and transferred to Seebpur with the title of Government

Engineering College, Mr. Downing was chosen as first Principal
of the new College. In no College in Bengal has so strict a

system of discipline been introduced. The beneficial results of

that system, consistently adhered to in the face of strong native

opposition, have long been apparent ; and the present flourishing

condition of the College affords the best monument which could

be erected to the indomitable perseverance and uniform justice

of the administration of its late Principal."

The death of Mr. Thomas Wharton Jones, F.R.S., is an-

nounced. He was nearly eighty years of age. Prof. Huxley,
who was one of his pupils forty years ago, gives in the British

Medical Journal a bright and pleasant account of his intercourse

with his "old master."

The third series of Hooker's "Icones Plantarum" (vols.

xi.-xx. of the whole work) is now complete, and the Bentham

Trustees, who are continuing the work under the editorship of

Prof. D. Oliver, are offering a limited number of sets of this

series of ten volumes, for £Zj the set. It contains figures of a
thousand new plants, including the most interesting discoveries of

the last thirty years, and the most striking of the new genera
described by Bentham and Hooker during the progress of their

"Genera Plantarum." As the whole impression consists of

only 250 copies, the work will soon become unpurchasable.
Thanks to the provision made by the late Mr. Bentham, the

trustees are issuing a fourth series at the rate of one volume, of

lOO plates, annually, at the very low price of i6.^. Persons

wishing to secure a copy of the third series should apply at once
to Dulau and Co., 37 Soho Square, W.

The external part of the laboratory which is being built in the

Paris Museum of Natural History for Prof. Chauveau, from the

designs provided by him, is now being finished. This laboratory
will be used only for original research in physiology and bac-

teriology, and when completed will be the finest laboratory in

France. But the Museum is deeply in debt, and this may cause

some delay.

Members of the Royal Microscopical Society, and the several

London and provincial Societies of a kindred nature, have been
invited to subscribe to a fund for the benefit of the family of the

late Mr. John Mayall. An influential Committee has been
formed to secure the success of the scheme. Communications

should be addressed to Mr. T. Curties, treasurer to the Com-
mittee, 244 High Holborn, W.C. The Committee has issued

a circular setting forth Mr. Mayall's great services to the science

of microscopy.

According to a telegram despatched to the Standard from

Bangkok on Monday night, Chaiya and Bandon, towns situated

on the coast of the Gulf of Siam, have been practically destroyed

by a cyclone. The loss of life is estimated at three hundred.

Some details of the earthquake which caused so much havoc
in Japan at the end of October have been received. A large

part of the Empire was affected, the shocks being strongly felt

in no fewer than thirty-one provinces. In the provinces of

Ezozi, Mino, and Owari, several towns and villages were

ruined, 3400 persons being killed and 43,000 houses destroyed.
An up train and a down train on the Tokaido Railway were

just meeting at the station of Gifu when the first shock was felt

there. It was accompanied by subterraneous rumblings and
violent oscillation, which put the passengers of the train into

a great state of alarm. They were further terrified by seeing
cracks in the earth, two or three feet wide, opening and closing
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in all directions, some of which threw up volcanic mud and
ashes. A number of the passengers alighted and made their

way into the town. Many houses had already fallen, and im-

mense heaps of ruins were visible on every side. Other build-

ings which were then standing were so severely shattered that

further earth-tremors which followed threw them to the ground.
There was a marked subsidence of the earth for a considerable

area round Gifu. Very soon after the houses collapsed, and
while hundreds of persons remained buried under the ruins,

flames burst out and spread with such rapidity that the citizens

were compelled to desist from the work of rescue. The fire was
not subdued until the naxt morning, when it was found that

almost the whole town had been destroyed. The potteries in

the prefectures of Owari and Mino, and at Seto and other

towns, were reduced to ruins. At Gobo, a temple belonging
to the Shin sect of the Buddhists, which was crowded with

persons, suddenly collapsed, burying fifty of the worshippers.
A slight shock occurred at Nagerio on the night of Octo-

ber 25. On the following Wednesday morning, while

forty Christians were assembled in the Methodist school,

the building began to totter, and the worshippers fled,

several being killed or fatally injured. Many streets

were blocked with fallen houses, and others were rendered

all but impassable by the crowds of panic-stricken people
who were endeavouring to make their escape. Hundreds
of persons were killed by the collapse of a thread factory, and a

large brick building. A castle four hundred years old, however,
remained intact and suffered no damage. It is estimated that

in the three towns comprising the city of Nagoya from 750 to

1000 persons lost their lives. From the time of the first dis-

turbance up to the morning of October 30, no fewer than 368
distinct shocks were reported. Fissures 2 feet wide and several

feet deep appeared in the earth, while railway metals were

twisted, iron bridges broken, river embankments engulfed or

destroyed, and fields flooded. A lake 600 yards long and 60

wide was formed at the foot of the Hukusan Mountain in the

Gifu prefecture, and great cracks were formed in the ground
near the hills. Water sprang from the cracks, and that in the

wells was changed to a brownish tint and rendered unfit for

drinking. The embankments of most of the rivers were de-

stroyed, and in the Gifu district it will be necessary to rebuild

them for a distance of 350 miles. The general appearance of

the Mizushima division of the Mortosu district underwent a com-

plete transformation, and at Nogo in one district there was a

marked subsidence of the earth. Of 700 temples in the Gifu

prefecture, over one-third were destroyed, and it will take many
months to repair the river embankments. In some parts of the

town of Gifu boiling mud spouted from the fissures for over two

hours. The top of the sacred mountain of Fusiyama was rent

asunder, a chasm being formed 1 200 feet wide and 600 feet deep.

In a special report to the Secretary of Agriculture, Mr. Mark
W. Harrington, Chief of the U.S. Weather Bureau, has pre-

sented a general summary of the operations of the Weather
Bureau during the three months which followed its transfer to

the Department of Agriculture on July i, 1891. The Service

has been reorganized with a view of carrying out the expressed
intention of Congress to develop and extend its work with

special reference to agriculture. The office force in Washing-
ton has been formed into three principal divisions, called re-

spectively the Executive Division, the Records Division, and the

Weather-Crop Bulletin and State Weather Service Division.

Outside of Washington, local forecast officials have been

appointed, the person chosen being in every case selected from

the most experienced and competent observers of the Service

These officials have been placed in the larger cities, with

authority to make predictions for their stations and vicinity,

giving the weather more in detail than the Washington fore-
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cast?. They are instructed to make a careful study of the

climatology of their respective sections, both for their own use

as an aid in predicting and for publication for the information
of the public ; and they are directed to give particular attention

to the effect of the weather on the principal crops at their

various stages of growth, so as to be able to include in their

forecasts reference to this all-important subject. A vast im-

provement has been effected in the weather maps issued at

nearly all the more important stations. They contain not only
the forecasts prepared at Washington and the local forecasts,
but the data on which the forecasts are based. With regard to

weather- signal display stations, Mr. Harrington makes a most

striking statement. On June 30 there were about 630 stations

to which the forecasts were telegraphed. On September 30 the

number was 1200—an increase of about lOO per cent. ; and

large numbers of new stations are being rapidly established.

Altogether, the Bureau is evidently in a state of high efficiency,
and has profited largely by the attention which has lately been
devoted to it by Congress.

Mr. Harrington refers in his report to the enormous
accumulation of meteorological records now in the U.S. Weather
Bureau. These include the observations for the twenty years

during which the meteorological work was in the charge of the

Signal Service, and also those for the many preceding years
when it was in the charge of the Smithsonian Institution. Mr,

Harrington proposes to utilize these data by special studies by
officers of the Bureau. He also desires that they may be
thrown open to all students of meteorology who are competent
to use them, subject only to such restrictions as may suffice to

preserve them from injury.

Referring to the International Conference of Meteoro-

logists at Munich, Mr. Harrington notes that it was attended by
four American delegates, of whom he himself was one. He
was much pleased with the cordial way in which European
meteorologists expressed appreciation of the meteorological work
done in the United States. He speaks especially of the interest

excited among students on this side of the Atlantic by the inter-

national bibliography of meteorology, begun by General Flazen

and published in part by General Greely. "Evidently," he

says,
"
the general sentiment in Europe is to the effect that the

work thus far done by the Signal Office is too important to be
left unfinished, and that the interests of meteorology and of

climatology alike demand that the Weather Bureau should

publish the complete work in proper style, after obtaining from

European co-labonrers all possible corrections lo the manuscript
that has already been milleographed." Mr. Harrington studied

closely the meteorological methods adopted in Europe ;
and he

was particularly struck by the fact that the study of climate has,
in general, been prosecuted by European meteorologists to a

degree of refinement that has not yet been attained, and is,

perhaps, scarcely appreciated, in America. For instance, an

eminent climatologist, criticizing the location of some instru-

ments on a rise of ground and amid trees, possibly a hundred
feet above the surrounding plain, objected that these instru-

ments could not represent properly the climate of the surround-

ing country, but that they should have been placed in the open
flat fields near at hand. "

If this person be correct," says Mr.

Harrington, "it is evident that the demands of agricultural

climatology are very different from those of dynamic meteoro-

logy or the study and prediction of daily weather, and it will be
an important result of our European journey if we shall have
received a decided stimulus in the direction of minute climato-

logy."

Dr. E. Biese, the Director of the Meteorological Office of

Finland, has published the observations taken at Helsingfors

during the year 1890. In addition to the ordinary hourly
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observations and summaries, the volume contains hourly values

of atmospheric electricity. Owing to want of funds, the publica-
tion of the observations had ceased with those for 1883 ; but a

fresh subsidy to the institution has been granted by a decree of

the Emperor, so that the publication will be continued regularly

n future, and the arrears also worked off. A summary shows

that in 1890 rain fell on 178 days and snow on 84 days. The

'^emperature varied from 74°'S in June to 5° '3 in November,

giving an annual range of 69°'2.

In a recent paper on the camel {Zeits. fiir Tiissen. Ceogr.)

Herr Lehmann refers, among other things, to its relations to

temperature and moisture. Neither the most broiling heat, nor

the most intense cold, nor extreme daily or yearly variations

hinder the distribution of the camel. It seems, indeed, that

the dromedary of the Sahara has better health there than in

more equably warm regions ; though, after a day of tropical heat,

the thermometer sometimes goes down several degrees below

freezing point, and daily variations of 33°'7 C. occur. In Semi,

palatinsk again, where the camel is found, the annual variation

of temperature sometimes reaches 87° "3. In Eastern Asia,

winter is the time the animals are made to work. In very
intense cold, they are sewn up in felt covers. Of course each

race of camel does best in the temperature conditions of its

home : a Soudan camel would not flourish in North-East Asia.

Camels are very sensitive to moisture. In the region of tropical

rains they are usually absent, and if they come into such with

caravans, the results of the rainy season are greatly feared.

The great humidity of the air explains the absence of the camel

from the northern slopes of the Atlas, and from well-wooded

Abyssinia. This sensitiveness expresses itself in the character

of different races. The finest, most noble-looking camels, with

short silk-like hair, are found in the interior of deserts (as in the

Tuarek region, in North Africa), and they cannot be used for

journeys to moist regions. Even in Fezzan (south of Tripoli)

the animals are shorter and fatter, with long coarse hair ; and in

Nile lands, and on coasts, it is the same. These animals, too,

are less serviceable as regards speed and endurance. Herr

Lehmann states it as a law that the occurrence of the camel finds

its limits wherever the monthly average vapour tension in the air

exceeds 12 mm.

Last week Prof. Cossar Ewart lectured on " Scottish Zoology"
to the newly-formed Edinburgh University Darwinian Society,

of which he is President. Having given an account of some
of the eminent investigators who have devoted themselves to

zoology in Scotland, Prof. Ewart spoke of the need for the en-

couragement of research at the Scottish Universities. In the

case of his own department, it ought, he thought, to be possible
for him to say to any exceptionally able student, after the com-

pletion of his curriculum,
"

If you are willing to remain for a

year or more, I shall be glad to recommend your being elected

a research scholar, and to arrange for your obtaining a small sum
from a research fund to provide material, &c., required in any

investigation you may undertake." Were there two research

scholars, or even but one, at work in each of the scientific

departments, Prof. Ewart thinks the Scottish Universities would,

before long, have a reputation altogether higher and grander
than they at present enjoy, to the gain of science and, in

all probability, the further amelioration of humanity.

In his interesting Rectorial address, at Edinburgh, on the

use of the imagination, Mr. Goschen referred to the need for

imaginative activity in the exact sciences. It would have been

difficult for him to say anything new on a subject with which so

many distinguished thinkers have dealt
;
but the ideas he set

forth about science and the imagination were sound and well

expressed. Referring to the work of Sir William Thomson, he

said: "When I think of your fellow-countryman, Sir William
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Thomson, engaged on atoms and molecules, piercing the secrets

of the smallest entities, brooding over the mystic dance of

ethereal vortices, while his magic wand summons elemental

forces to reveal the nature of their powers to his scientific gaze,

I forget the disciplined accuracy of the man of science, while

lost in wonder at the imaginative inspiration of the poet."

The trustees of the Missouri Botanical Garden have issued

their third announcement concerning garden pupils. The object

of the trustees, as we have already stated, is to provide adequate

theoretical and practical instruction for young men desirous of

becoming gardeners. It is not intended at present that many

persons shall be trained at the same time, nor that the instruction

shall resemble exactly that given by many State Colleges, but that

it shall be quite distinct, and limited to what is thought to be

necessary for training practical gardeners. Three scholarships

will be awarded by the Director of the Garden before April i

next. The course extends over six years, so the trustees are

particularly anxious that scholarships shall be won by boys

who are not much over fourteen years of age.

The Bulletin of the Botanical Department of Jamaica, for

September, contains a report, by Mr. \V. Fawcett, Director of

Public Gardens and Plantations, on a disease causing the death,

on a large scale, of the cocoa-nut palms in the neighbourhood of

Montego Bay. The disease first attacks the tissues of the

youngest parts. There is no evidence that it is produced by
an insect, and Mr. Fawcett considers it is due to an "organized

ferment." In the supplement of the yawa/ca: Cas^//^ for Sep-

tember is the remark that the disease is
"
rapidly destroying the

cocoa-nut walks in the parish of St. James, and that, if not

checked, in a very few years the cocoa-nut will cease to be a

product of this parish, indeed if not of the island."

The Batavian Society of Arts and Sciences publishes in its

Proceedings (Part 46) a list of the chief relics of the Hindu

period in Java, and along with it an archaeological map indicat-

ing the sites of the ruins of temples, statues, and other anti-

quities. Both list and map are the work of Dr. R. D. M.

Verbeek, a well-known engineer.

A PAPER on water and water-supply, with special reference to

the supply of London from the chalk of Hertfordshire, by Mr.

John Hopkinson, appears in the Transactions of the Hertford-

shire Natural History Society (vol. vi.. Part 5, October 1891)
and has now been published separately. Mr. Hopkinson insists

that instead of more waterbeing taken from Hertfordshire for the

supply of London the amount at present taken should be reduced.

London, he thinks, must sooner or later follow the example of

other and much less wealthy towns by obtaining a supplementary

supply from a distant source. Liverpool obtains its water from
the Vyrnwy, Manchester from Thirlmere, Glasgow from Loch

Katrine, and there is a project on foot for Birmingham to obtain

a supply from Central Wales. The most feasible scheme for

London appears to Mr. Hopkinson to be to obtain a supple-

mentary supply from Bala Lake, or some other lake or lakes in

North Wales, or from Central Wales or Dartmoor.

The White Star liner Teutonic, which arrived the other

day from New York, after a rapid passage, brought particu-

lars of a collision between the Anchor I,ine steamer Ethiopia
and a large whale, eight hundred miles east of Sandy Hook,
on the 15th inst., on the passage to New York from Glas-

gow. At 10.45 3.m- Captain Wilson and Second Officer

Fife were on the bridge keeping a close watch ahead. Sud-

denly a whale came to the surface directly in the path of

the ship, and only a few feet ahead. The ship was rushing
towards the whale at the rate of sixteen miles an hour. There
was no time to check the speed of the vessel, and almost
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before the astonished officers realized it, the ship's sharp
iron prow crashed into the monster. The blow was
a square, incisive one. The ship seemed to sail right

through the whale, which disappeared almost immediately,

leaving a trail of crimson as far as the eye could see. Shortly

afterwards the whale was sighted astern, floating lifelessly.

When the ship came into collision with the whale the shock

caused the vessel to tremble from stem to stern, and startled

the passengers for a moment. The passengers who were below

rushed on deck, and a panic seemed to be imminent. Captain
Wilson hurriedly left the bridge and appeared on deck. " Have
no fear," he said,

" we have only killed a whale. The ship is

not hurt." His words allayed the fears of the passengers.

In his recent Presidential address to the Royal Society of

New South Wales, Dr. A. Leibius referred with satisfaction to

the progress made by the cause of scientific and technical educa-

tion in New South Wales. In addition to the opportunities

given by the University of Sydney for the study of science, the

Government, by the establishment of a technical college and

technological museum at Sydney, with branches in different

parts of the colony, have brought within the reach of all who
desire it the means of acquiring scientific and technical know-

ledge. As an illustration of the extent to which the colony is

developing this part of its educational system, Dr. Leibius men-

tioned that contracts already let in connection with the Sydney

College alone amount to close upon ;i^48,ooo, while ^^20,000

have been voted by Parliament for technical colleges and tech-

nological museums at Bathurst, Broken Hill, Maitland, and

Newcastle.

The Michigan Mining School, at Houghton, sends us its

"
Catalogue

"
for 1890-91. The course of instruction for the

regular students at this institution extends over a period of three

years, the work continuing through most of the year. The
authorities of the school express an earnest desire to secure as

students young men who, before beginning their professional

studieis, have obtained " an education of the broadest and most

liberal character." Every regular student is required "to spend
seven hours a day for five days each week in the laboratory or

field work, or in recitation or lecture." Plis " recitations
"
are

prepared "in time taken outside of the seven hours a day." On

Saturdays, or on other days, as occasion may require, excursions

are made to the mines, mills, and smelting- works in the neigh-

bourhood.

At a meeting of the Pharmaceutical Society at Edinburgh on

November 11, a capital address was delivered by Prof. I.

Bayley Balfour, on botanical enterprise in relation to pharma-

cology. Prof. Balfour devoted himself especially to the task of

showing how vast are the obligations of pharmacologists to the

Royal Gardens, Kew. The address is printed in the current

number of the Pharmaceutical Journal.

Mr. J. E. Dixon records, in the Victoria Naturalist for

October, a curious fact which came under his own observation.

During a ramble along the Kooyong Creek, Oakleigh, on

August 15, he was somewhat surprised to see a specimen of

the ring-tailed opossum, hanging, as he thought, by her claws,

to a sharp-pointed limb of a gum-tree, about twenty feet from

the ground. Upon closer observation he found that the creature

was dead, and that death was due to the fact that in her flight

she had become impaled by her pouch. In the pouch were two

young ones almost old enough to leave her.

Mr. Angelo Heilprin contributes to the New York Nation

of November 12 an interesting paper in which he describes the

charms of a summer tour to Greenland. \ A journey to the

7Sth parallel of latitude, or thereabouts, could, he says, be

arranged annually with much of the certainty of a trans-
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Atlantic trip, and would involve neither hardship nor danger.

During the latter part of July and throughout the whole of

August the coast is mainly free of ice, and even the passage of

the much-dreaded Melville Bay can very generally be effected

during this season of the year without danger from a "nip,"
and frequently with not so much as an acre of ice to interfere

with the traveller's journey. Once beyond Cape York, the free

North Water opens up a passage to the 79th or the 80th parallel of

latitude, or to within some 700 miles of the Pole. In the course

of such a trip the traveller would see much that is novel and

interesting, much that is grandly picturesque, and still more that

is striking in its deviation from the rest of the earth. A country
inhabited by a race of people so remarkable as are the Eskimos
is always worthy of a visit, especially at a time when a greatly

increasing interest in the science is fostering the study of

ethnology. But merely in the contemplation of the forms of

the almost endless number of icebergs, the vacation tourist

would probably consider himself amply repaid for a journey to

this easily- reached land of the midnight sun, with its almost

numberless glaciers, its sky-splitting mountains, and a boundless

ice-cap. The artist, too, would find abundant suggestion for his

brush and palette.

Prof. August Weismann's "Amphimixis: oder, Die

Vermischung der Individuen," has been published at Jena by
Herr Gustav Fischer. An English translation, we believe, will

shortly be issued.

A French translation—edited by Dr. H. de Varigny
—of

Weismann's "Essays on Heredity" (Reinwald) has been issued

in Paris.

The third volume of Dr. McCook's "American Spiders and

their Spinning Work," will be ready for delivery in the coming

spring. The numerous lithographic plates are many of them

prepared and in the colourisls' hands. The cost of preparing
the numerous engravings and plates has greatly exceeded the

expectations of the author (who is also the publisher).

Dr. Adolf Fritze contributes to the Mittheiltingen der

DciUschcn Ge:ellschaft fiir Natur- unci Volkerkunde Osiasiens,

ill Tokio (Heft 46) a valuable paper on the fauna of Yezo in

comparison with that of the rest of Japan. He does not, of

course, profess to give a complete account of the subject ; but

the natural history of Yezo has hitherto been so imperfectly

investigated that his work will be very welcome to zoologists.

Mr. Robert E. C. Stearns gives in the Proceedings
of the U.S. National Museum (vol. xiv., pp. 307-335), a

valuable list of shells collected on the west coast of South

America, principally between latitudes 7° 30' S., and 8° 49' N.,

by Dr. W. H. Jones, Surgeon, U.S. Navy. This collection,

with various other treasures, was presented to the National

Museum in 1884 ; but until lately Mr. Stearns had not an op-

portunity of preparing a list. A great part of the shells were

picked up on the beaches, and in poor condition ; but our

knowledge of the distribution of west South American species

is so limited that the collection, Mr. Stearns says, has its special

value for the information it furnishes on this point.

The following science lectures will be given at the Royal
Victoria Hall on Tuesday evenings during December :

—
December i,

" North Wales," by A. Hilliard Atteridge ; 8,

"The Ways in which Animals hide Themselves," by E. B,

Poulton; 15, "Old Stones," by H. G. Seeley.

At the meeting of the Chemical Society on Thursday last

some further particulars were given by Mr. Mond concerning
his work in conjunction with Dr. Langer upon iron carbonyl.

They have succeeded in isolating two distinct compounds of

iron and carbon monoxide. One of them is a liquid of the

composition Fe(CO)g, to which the name ferro penta-carbonyl is
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given. The other is a solid corresponding to the formula

FcjiCO)-, and is termed di-ferro hepta-carbonyl. Liquid ferro

penta-carbonyl is obtained by heating finely-divided iron,
obtained by reduction of ferrous oxalate, in a stream of carbon
monoxide. The operation is a very slow one, 100 grams of
metallic iron yielding one gram of the liquid in twenty-four
hours. Ferro penta-carbonyl is a light amber-coloured liquid,
which may be distilled without decomposition. Tt boils con-

stantly at 102° -8 C. Its specific gravity, compared with water at

l8°, is 1-44. It solidifies at -21°, forming yellow acicular

crystals. Its vapour density has been determined, the number
obtained being 6*5, agreeing fairly well with the value 67
calculated for Fe(CO)5. The liquid is quite stable in the dark,
but when exposed to light an important change occurs. Gold-
coloured crystals rapidly form in it, which upon analysis are

found to consist of a second iron carbonyl, the di-ferro hepta-

carbonyl Fe2(CO)7. These crystals are almost insoluble in the

ordinary solvents. When warmed to 80°, however, they de-

compose, the products of decomposition being the penta-carbonyl
metallic iron, and carbon monoxide. It appears, therefore, that

iron does not exactly resemble nickel in its behaviour with carbon

monoxide, for the carbonyl compound of the latter metal, it will

be remembered, possesses the composition Ni(C0)4.

A note upon the products of oxidation of nickel carbonyl is

contributed by M. Berthelot to the current number of the

Comples rendus. M. Berthelot states that nickel carbonyl
behaves towards oxygen in a manner somewhat similar to an

organic radicle. The products of its spontaneous oxidation do
not consist entirely of the oxides of nickel and carbon. The

liquid may be preserved in a glass vessel under a layer of water

without change so long as air is excluded
;
but as soon as air is

admitted, the compoundj slowly oxidizes, and a quantity of

apple-green hydrated oxide of nickel free from carbon is

deposited. At the same time a portion of the nickel carbonyl
volatilizes and oxidizes in the air, forming a white cloud which

deposits upon all the objects in the neighbourhood. M.
Berthelot has succeeded in collecting a considerable quantity of

this white deposit, and has subjected it to analysis. He con-

siders it to be the hydrate of the oxide of an organic radicle

containing nickel. The numbers obtained from the analysis

agree with the formula CgOgNLj . loHgO, but as it appears

likely that the preparation contained more or less nickel hydrate
this formula is not considered final. M. Berthelot is of opinion
that the substance probably contains an organo-nickel com-

pound of the composition CgONi, belonging to a type derived

from ethylene. He is continuing the study of this interesting
substance.

The additions to the Zoological Society's Gardens during the

past week include a Bonnet Monkey {Macacus sinicus ? ) from

India, presented by Mr. J. Robinson
; a Rhesus Monkey

{Macacus rhesus ? )
from India, presented by Mrs. K. Clark-

Ourry ;
a Macaque Monkey {Macacus cynomolgus ? )

from India,

presented by Captain J. F. C. Hamilton ; two Ourang-outangs

{Simia satyrus S i ) from Borneo, a Greater Sulphur-crested
Cockatoo {Cacatua galerita) from Australia, four Pelicans

{Pelecamis sp. inc.) from India, deposited ;
a Bronze-winged

Pigeon {Phaps chakoptera i ) from Australia, a Blood-breasted

Pigeon {Phlogccnas crucntata ? ) from the Philippine Islands,,

purchased.

OUR ASTRONOMICAL COLUMN.
Determination of the Solar Parallax.—A. Auwers,

in Astronomisclie Nachrichten (No. 3066), gives the results-

obtained in the determination of the solar parallax from
the heliometer observations made by the German Transit
of Venus Expedition, in the years 1874 and 1882. The number
of measurements taken amounted to 754, of which 308 were
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Transit of 1874 Dec. 8

1882 Dec. 6

made from the 1874, and the remaining 446 from the 1882 transit.

Taking each series of measurements of each transit separately,

and applying the corrections of Leverrier's tables,

Ao = + 469 A5 = + 2-30
+ 9-13 + 199

he obtains the following values for the parallax-

Transit of 1874 IT = 8-873
1882 5r = 8-883

Both the above numbers are subject to the mean errors ±o"-o62

and ± o"-037 respectively, and are computed in the first case

from 307, and in the second from 444 measurements.

By taking now the two series together, and finding the most

probable number, he obtains the following result subject to the

two adjoined errors—
ir = 8'88o

Mean error = ±0-032
Probable error

— ±0-022

A comparison of the above results with those of other ob-

servers, taking the transits of 1874 and 1882, may be gathered
from the following list—

Transit 1874.
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long be instructed to give practical effect henceforth to any such
instructions that may exist, and thus that the forward march of

English power may once more, as it should, be accompanied by
a general advance of scientific knowledge.

Leaving Samarcand early in May, Mr. and Mrs. Littledale

drove in Russian post-carts up the beautiful valley of the Syr-
Daria, which reminded them in parts of the Vale of Kashmir,
as far as Osh, the last post-station. Here they organized their

caravan for their great adventure, the crossing of the Pamirs
into Kashmir. They had the advantage of previous experience
of Genual Asian travel, and of the cordial assistance of the
Russian Commandant, Colonel Deubner, who could hardly
have done more for the travellers had they been his own nearest

relatives. After much hesitation from the difficulty of obtaining
any trustworthy information as to the state of the Alai passes,

they selected the Taldik, ii,6oo feet, before crossing which,

they left behind the last tree and bush they were to see untill

reaching the valley of the Giigit.

Crossing the Alai plateau they pre ceeded by the Kizil Art
Pass to Karakul Lake. Thence their route led over passes of

15,500 feet, in sight of the great Musing Atta to the Murgab
or North Oxus, which they struck at 12,300 feet, their correct

elevation between the Alai and Sarbad. Another pass of 14,200
feet led over the Alichur Pamir—where Ovispoll horns lie about
in hundreds—to the Boshgumbaz Valley. The pass of the same
name was found impracticable. Mr. and Mrs. Littledale made
a long detour to visit the Victoria Lake, one of the sources of
the South Oxus, for purposes of sport. Thence they turned
eastwards and crossed by the Little Pamir Lake into the Valley
of Wakhan. "When near Sardab they met with their first

misadventure, and this was the encounter with the troops of our

ally the Ameer. The civil authorities detained Mr. and Mrs.
Littledale for many days, and only let them go at last grudg-
ingly, and after having despoiled them as far as they could
without open robbery.

ELIZABETH THOMPSON SCIENCE FUND.
'T'HIS fund, which has been established by Mrs. Elizabeth

Thompson, of Stamford, Connecticut,
"

for the advance-
ment and prosecution of scientific research in its broadest sense,"
now amounts to $26,000. As accumulated income will be
available in December next, the trustees desire to receive applica-
tions for appropriations in aid of scientific work. This endow-
ment is not for the benefit of any one department of science, but
it is the intention of the trustees to give the preference to those

investigations which cannot otherwise be provided for, which
have for their object the advancement of human knowledge or
the benefit of mankind in general, rather than to researches

directed to the solution of questions of merely local importance.
Applications for assistance from this fund, in order to receive

consideration, must be accompanied by full information,

especially in regard to the fol'owing points :
—

(i) Precise amount required. Applicants are reminded that

one dollar (§1.00 or %\) is approximately equivalent to four

English shillings, four German marks, five French francs, or five

Italian lire.

(2) Exact nature of the investigation proposed.
(3) Conditions under which the research is to be prosecuted.
(4) Manner in which the appropriation asked for is to be

expended.
All applications should reach, before December 10, 1891, the

Secretary of the Board of Trustees, Dr. C, S. Minot, Harvard
Medical School, Boston, Mass., U.S.A.

It is intended to make new grants at the end of 1891.

*^* The trustees are disinclined, for the present, to make any
grant exceeding three hundred dollars ($300) ; decided pre-
ference will be given to applications for smaller amounts.

(Signed) Henry P. Bowditch, President.
William Minot, Jr., Treasurer.
Edward C. Pickering.
Francis A. Walker.
Charles-Seugwick Minot, Secretary.

List of Grants Jntherto madc.^

I. $200, to the New England Meteorological Society, for the

investigation of cyclonic movements in New England.
\Aineiican MeteorologicalJournal for 1887, and May
1888.]
' The results published are given within brackets.

2. §150, to Samuel Rideal, Esq., of University College,.
London, England, for investigations on the absorp-
tion of heat by odorous gases.

3. $75, to H. M. Howe, Esq., of Boston, Mass., for the

investigation of fusible slags of copper and lead

smelting. \Trans. Amer. Institute of Mining En-^

gineers, Feb., 1890.]

4. $500, to Prof. J. Rosenthal, of Erlangen, Germany, for

investigations on animal heat in health and disease,

\Sitzungsber. K. Akad. IViss., 1888, 1309-1319 ;

1889, 245-254. Arc/i. Anat. it. Physiol., Suppl.
1888, 1-53.]

5. §50, to Joseph Jastrow, Esq., of the Johns Hopkins
University, Baltimore, Md., for investigations on the
laws of psycho-physics. [American Journal Psy-
chology, 1890, III., 43-58.]

6. §200, to the Natural History Society of Montreal, for the

investigation of underground temperatures. [Cana-
dian Record of Science. ]

7. $2 10, to Messrs. T. Elster and H. Geitel, of Wolfenbiittel,.

Germany, for researches on the electrization of gases

by glowing bodies, [Sitzungsber. K. Akad. Wiss.

VVien., xcvii., Abth, ii., 1175-1264, 1889.]
8. $500, to Prof. E. D. Cope, of Philadelphia, Penn., to assist

in the preparation of his monograph on American
fossil vertebrates.

9. (Withdrawn.)
10. $125, to Edw. E. Prince, Esq., of St. Andrews, Scotland,^

for researches on the development and morphology
of the limbs of Teleosts. [" Inaugural Dissertation,"^

Pp. 24, Pis. II., Glasgow, 1 89 1.]

11. $250, to Herbert Tomlinson, Esq., of University College,

England, for researches on the effects of stress and
strain on the physical properties of matter, [Philos.

Magazine, Jan., 1890, 77-83.]
12. §200, to Prof. Luigi Palmieri, of Naples, Italy, for the con-

struction of an apparatus to be used in researches on

atmospheric electricity.

13. §200, to Wm'. H. Edwards, Esq., of Coalburg, W.Va.^
to assist the publication of his work on the butterflies

of North America. [" Butterflies of North America,"
3rd Series, Part V.]

14. §150, to the New England Meteorological Society, for

the investigation of cyclonic phenomena in New
England.

15. §25, to Prof. A. F. Marion, for researches on the fauna of

brackish waters.

16. $300, to Prof. Carl Ludwig, for researches on muscular con-

traction, to be carried on under his direction by Dr.
Paul Starke. [Abhandl. math. phys. Classe K.
sacks. Gts. IViss., xvi., 1890, I- 146, Taf. i.-ix.]

17. $200, to Dr. Paul C. Freer, for the investigation of the
chemical constitution of graphitic acid.

18. $300, to Dr. G. Midler, for experiments on the resorption of

light by the earth's atmosphere. [Publicationen

Astrophys. Observ. Potsdam., viii., i-ioi, Taf'n

IL]
19. $300, to Prof. Gerhard Kriiss, for the investigation of the

elementary constitution of erbium and didymium.
[Liebig's Annaltn, Bd, 265, 1-27.]

20. $50, to Dr. F. L. Hoorweg, for the investigation of the

manner and velocity with which magnetism is pro-

pagated along an iron bar.

21. §150, to Mr. W. H. Edwards, to assist the publication of
his work on North American butterflies. [" Butter-

flies of North America," 3rd Series, Part VIIL]
22. §250, to Dr. Ernst Hartwig, for researches on the physical

libration of the moon (see Grant No. 27).

23. $200, to Prof. Charles Julin, for researches on the mor-

phology of Ascidians.

24. $250, to Prof. M, Nencki, for researches on the deco nposi-
tion of albumenoids by microbes. {Atch. Expt.
Path. Pharmak., xxviii., 31 1- 350, Taf. IV.-V.]

25. $200, to Prof. Carl Frommann, for researches on the minute

organization of cells.

26. I300, to Edward Atkinson, Esq., for experiments on cook-

ing, to be carried on under the direction of Mrs.
Ellen H. Richards. [Proc. Amer. Assoc. Adv.
Sci., 1890.]

27. $250, to Dr. Ernst Plartwig, to continue the work of Grant
No. 22.

L
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2S. $200, to Edward S. Holden, Esq., for researches on stellar

spectroscopy, to be carried on at the Lick Observa-

tory.

29. $150, to Prof. J. Kollmann, for investigations on the em-

bryology of monkeys.
30. $25, to Prof. J. P. McMurrich, Clark University, Worces-

ter, Mass., to study embryology of Aurelia.

31. §200, to Dr. Johannes Dew^itz, Zoolog. Institute, Berlin,

Germany, for researches on the laws of movement of

Spermatozoa.
32. S150, to Alexander McAdie, Clark University, Worcester,

Mass., for experiments on atmospheric electricity.

T,Tf. $250, to Prof. Julien Fraipont, University of Liege, Liege,

Belgium, for the exploration of the cave of Engihoui.

34. $50, to Prof. M. E. Wadsworth, Houghton, Michigan, for

observations on the temperature in mining-shafts.

35. §50, to Prof. A. B. Macallum, University of Toronto,

Toronto, Canada, to study the digestion and ab-

sorption of chromatine.

36. $250, to Dr. G. Baur, Clark University, Worcester, Mass.,
for the exploration of the Galapagos Islands.

37. $300, to Prof. Edw. S. Holden, Lick Observatory, Cal.,

for astronomical photography.

38. $250, to Prof. Louis Henry, Louvain, Belgium, for re-

searches on the fundamental solidarity of carbon

compounds.
39- $300, to Prof. L. Hermann, Konigsberg, Prussia, for phono-

graphic experiments on vowels.

40. $50, to Prof. Alpheus Hyatt, Cambridge, Mass., for re-

searches on the evolution of Cephalopoda.

UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Oxford. — Convocation on Tuesday arrived at the following
decision :

—
" That the University accept the offer of Mr. G. J. Romanes,

F. R. S., Christ Church, to give an annual sum of £z^ for a

lecture to be delivered once a year on some subject approved by
the Vice- Chancellor relating to science, art, or literature. The
lecturer to be called the Romanes Lecturer, and to be appointed

by the Vice-Chancellor annually in the Michaelmas Term, the

lecture to be delivered in the next following Easter or Trinity
Term on a day to be fixed by the Vice-Chancellor, who shall

give public notice thereof to the University in the usual manner.

Also, that the thanks of the House be given to Mr. Romanes
for his liberality."
We understand it was Mr. Romanes's wish that the

foundation should be anonymous ;
but as such a course was

found to be without precedent, and otherwise impracticable, he

yielded the point to the University authorities.

Mr. H. T. Gerrans, Fellow of Worcester College, has
been elected by the Board of the Faculty of Natural Science a
member of the Committee for nominating Masters of the Schools
from Hilary Term 1892 to Hilary Term 1895. Mr. C. H,

Sampson, Fellow of Brasenose College, has been elected

by the same Board of Faculty a member of the Committee for

nominating Mathematical Honour Moderators.

SCIENTIFIC SERIALS.
A GOOD deal of interesting geological information is given in

the last number of the Izvcstia of the East-Siberian Branch of

the Russian Geographical Society (vol. xxii., 2 and 3). M.
Obrutcheff gives an orographical and geological sketch of the

highlands of the Olekma and the Vitim, with the exploration of

which he was intrusted by the mining administration. Besides

the upheavals of these highlands, which have a general direc-

tion from the south-west to the north-east, M. Obrutcheff
found another series of upheavals stretching west-north-west

to east-south-east, the chief ridge of that system (named
Kropotkin's ridge by the author) rising to the height of from

1300 to 1500 metres, and separating the tributaries of the

Lena from those of the Vitim. Several lower chains seem
to have the same direction. The whole series consists of

metamorphic slates and limestones, intersected by granites
and gneisses, and belongs to the Lower Silurian and Cam-
brian system, a closer definition of its age being difficult
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on account of a total want of fossils. M. Obrutcheff also con-

firms the glaciation of the whole of these highlands. The

valleys are filled up with morainic deposits, with polished and
striated boulders, and there are traces of inter-glacial layers.
The domes arrondis and the roches inoutonnies, so familiar to the

glacialist, are frequent, and the author gives interesting facts to

confirm the transport of boulders at great distances over the

mountain-ridges, which cannot be explained without admitting
that the whole of the highlands was covered with a mighty ice-

cap. The same number contains a note by the same author on

the Jurassic fossil plants recently discovered on the Bureya River

(a tributary of the Amur), and a list of 290 llowering plants
collected by Mme. Klements in South Yeniseisk and Tomsk,
and described by M. Preyn.

SOCIETIES AND ACADEMIES..
London.

Chemical Society, Novembers.—Mr. W. Crookes, F.R.S.,

Vice-President, in the chair.—The following papers were read :
—

The magnetic rotatory power of solutions of ammonium and
sodium salts of some of the fatty acids, by Dr. W. H. Perkin,
F. R. S. Ostwald has argued that the peculiar results obtained

by the author in the case of solutions of acids and of ammonium
salts, &c., are in accordance with the electrolytic dissociation

hypothesis ;
and has suggested that since salts formed from weak

acids are as good conductors as those formed from strong ones,

we may expect in this case also, marked deviations from the

calculated values. He also considers that such salts as ammonium
formate, &c., when in aqueous solution would show molecular

rotations which would not be the sums of the rotations of the

components of the salts, as must nearly be the case if the view

put forward by the author be correct, that such salts are almost

entirely dissociated into acid and base. The author has ob-

tained results which show that the rotatory powers of the

ammonium and sodium salts do not vary with dilution
;
and on

comparing the experimental values obtained in the case of

ammonium salts with those afforded by the constituent acid and

ammonia, as might be expected, as reduction of rotatory power
always attends combination, the values are slightly less in

the case of the salts. This reduction is very nearly the same as

that which takes place in the formation of the corresponding
ethereal salts, and as the latter are anhydrous, the results show
that the values for ammonium salts in solution are practically

those of the dry salts, and therefore that Ostwald's views are in-

applicable.
—Note on the action of water gas on iron, by Sir

H. E. Roscoe and F. Scudder. Whilst making experiments on

the application of water gas for illuminating purposes, the

authors have observed that occasionally the Fahnehjelm comb
becomes coated with a deposit of ferric oxide, and a further

examination of the tips of the steatite burners showed that the

deposit of ferric oxide was "
coralloid," and therefore could not

be produced from dust in the atmosphere. They also observe

that water gas which has been standing in steel cylinders at a

pressure of 8 atmospheres for about a month contains a much

larger quantity of iron. A preliminary determination of the

iron in this gas amounted to 2*4 milligrams per litre. Although
the compound, which is doubtless the iron carbonyl of Mond
and Quincke, is only present in this small quantity, the authors

have succeeded in proving that it can readily be liquefied. In

the discussion which followed, the Chairman referred to the fact

that at the recent British Association meeting at Cardiff, Mr.

Mond had exhibited specimens not only of liquid iron carbonyl,
but also of a solid compound of iron with carbonic oxide. Prof.

Ramsay stated that he had found that the compound of nickel

with carbonic oxide was formed in the cold.—The dissociation

of liquid nitrogen peroxide, by J. Tudor Cundale. The author

has determined by colorimetric methods the relative amount of

NO2 formed in liquid nitrogen peroxide, (i) by dilution with

chloroform, (2) by rise of temperature. He has also ascertained

the absolute amounts of dioxide by comparing the colour of the

liquid solution with that of the gas containing a known amount
of nitrogen peroxide. The results show that, on dilution, (i)

dissociation takes place very slowly at first, but more rapidly
when less than 5 per cent, of the peroxide is present; (2) that

solutions of the peroxide dissociate more rapidly than the pure

liquid on rise of temperature.
—Ortho- and para-nitro-ortho-

toluidine, by A. G. Green and Dr. T. A. Lawson. The authors

find that when orthotoluidine sulphate is nitrated in a large
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excess of sulphuric acid at a low temperature, three isomerides

are formed—namely, /«;-rt-nitro-ortho-toluidine (about 75 per
cent.). w^/«-nitroortho-toluidine, C8H3Me(NH^,)(NOo)[i : 2 : 5]

(about 3 or 4 per cent.), and t7rMt?-nitro-ortho-toluidine,

C,jH3Me(NH2)(N"02)[t : 2 : 6] (about 20 per cent.). The separa-
tion of the orlho-nitro-ortho-toluidine from the mixture is

effected by taking advantage of the greater solubility of this

isomeride in slightly warm water. The authors give a table of

the properties of the ortho- and para-nitro-ortho-toluidines, and
of their products on reduction and other derivatives.—Researches
on the gums of the arabin group : Part ii. Geddic acids—
Gedda gums ; the dextro-rotatory varieties, by C. O'SuUivan.
The Gedda gums described consist of the calcium, magnesium,
and potassium salts of gum acids, the calcium salt pre-

dominating, and more or less nitrogenous matter, which is

probably combined with a true gum acid. They dissolve easily
in water, forming a yellow or reddish syrup, neutral to test-

paper, which is dextro-rotatory. The gum acids are obtained

pure by dialyzing their acidified solution, and by fractional

precipitation with alcohol. The gum acids in any one sample
of gum bear a very simple relation to one another, and are

closely related to the gum acids contained in other samples. A
table of their relationships is given. The composition and

partial constitution of any one of the gum acids which have been
as yet examined may be expressed by the general formula,

C2:jH3g-2a022-irnC]2H2oOj|,.pCi,|H]gOg. Thcsc gum acids,

when heated at 80^-100" for 10-30 minutes with a solution con-

taining 2 percent. II2SO4, are hydrolyzed, yielding arabinon and
a gum acid of lower molecular weight. The gum acids thus pro-
duced closely resemble the gum acids existing in the natural

gums, but are less optically active and more insoluble in weak
alcohol. The most marked difference between these gum acids

and those existing in the natural gums is that they are only

hydrolyzed with difficulty with 2 per cent, sulphuric acid. They
are, however, slowly broken down by several hours' digestion,
and acids of successively lower weight are formed. The lowest

stage of the hydrolysis is represented by the general equation :
—

C23H;,8-2„0,«-n-nCi2H2o03o + ZxAl.p
= CosHgsOno + 2nC«Hi20fi.

The compound Cj^H^gOo., has not yet been obtained in sufficient

quantity for an examination of its properties. Those gum acids

obtained from Gedda gum are highly dextro-rotatory, whilst

those from gum arable, although otherwise^ identical, are in-

active.—Some compounds of the oxides of silver and lead, by
Emily Aston. The author finds that on following the direc-

tions given by Wohler for the preparation of the compound
AgoO,2PbO the product varies in composition. A substance of

the composition 2Ag„Q,PbO is obtained when a mixture of lead

and silver hydroxides is allowed to stand in presence of caustic

soda, and also by precipitating the mixed nitrates of lead and

silver, and exhaustively extracting with caustic soda.—The

electrolysis of potassium acetate solutions, by Dr. T. S. Murray.
On electrolyzing a dilute aqueous solution of potassium acetate

only hydrogen and oxygen are evolved ; with concentrated solu-

tions a mixture of ethane, hydrogen, oxygen, methyl acetate, and
carbon dioxide is evolved. On diluting the solution the amount
of ethane decreases, at first very slowly, but finally with great

rapidity. Reducing the current has a similar influence. With
rise in temperature, the ethane diminishes, and ceases to be

formed at 100°. In contradiction to Jahn, the author finds that the

employment of a large anode reduces the yield of ethane ;
the

largest yield is obtained with a very small anode ; variations in

tlie cathode do not influence the electrolysis. The results of the

experiments are illustrated by curves. The author believes that

the ethane is formed, not by partial oxidation of acetic acid, but

by a simple interaction of the acetions (CH3COO). He finds

that the yields of ethane from equivalent solutions of potassium,

sodium, and calcium acetates are equal.
—A new method of

preparing /3-dinaphthylene oxide, and the constitution of its

tetra-sulphonic acid, by \V. R. Hodgkinson and L. Limpach,

Beta-dinaphthalene oxide is obtained by heating 2 : 3' ;8-naphthol-

sulphonic acid to low redness ; the distillate is freed from B-

naphthol by extraction with alkali, and the residue crystallized

from acetic acid. It crystallizes in rhombic plates, and melts at

153°. On sulphonation it yields a tetra-sulphonic acid, which

is identical with the product obtained by the continued action of

sulphuric acid on /8-naphthol.

Linnean Society, November 5.— Prof. Stewart, President,

in the chair.—On behalf of a number of subscribers, Mr.

Carruthers presented to the Society a half-length portrait in oils

of Sir John Lubbock, Bart., M.P., P.O., F.R.S., a former

President, painted by Mr. Leslie Ward ; and the remarks
which he made on the services rendered to biological science by
Sir John Lubbock drew from the latter a graceful acknowledg-
ment of the honour conferred upon him.—Amongst the exhibi-

tions which followed, Mr. E. ^L Holmes showed some new
marine Algse from the Ayrshire coast ;

Mr. J. G. Grenfell

showed some Diatoms with pseudopodia, illustrating his remarks
with diagrams, upon which an interesting discussion followed.—
The President exhibited and made some observations on a tooth

of the walrus, which illustrated in a curious manner the periods
of growth.

—Mr. R. V. Sherring called attention to a large
series of framed photographs which had been taken under his

direction in Grenada, and illustrated the general character of

the West Indian flora as well as the physical features of that

particular island.—Mr. J. E. Harting exhibited a specimen of

Wilson's Petrel which had been picked up in an exhausted

state in the Co. Down on October 2 last, and had been for-

warded for inspection by Mr. R. Patterson, of Belfast. Mr.

Harting gave some account of the species, and remarked upon
the unusual number of Petrels, Shearwaters, Skuas, and other

marine birds which had been driven inland to a considerable

distance during the recent gales.
—A paper was then read by

the Rev. Prof. Henslow, entitled "A Theory of Heredity
based on Forces instead of any special form of Matter." The
author maintained that no special form of matter (as is generally

supposed) other than protoplasm is required ;
the latest dis-

coveries of the organized structure of protoplasm militating

against the idea of any other special form of matter. Taking
illustrations from the animal and vegetable kingdoms, he

inquired why two varieties of chickens fed from the first day to

full growth were different ? It seemed to him more probable that

the results were due to different arrangements of the same kinds

of molecules rather than to different kinds of "germ-plasm."
Ramincubis hcterophyllis, he pointed out, produced a "land-

form" and a " water-form
"
according to its environment ;

it

therefore exhibited both "heredity
" and "

acquired characters."

As the materials of its structure were the same in both cases,

the different results, he considered, must be due to different

arrangements of its molecules, and must be effected by forces.

The sudden appearance of stomata on the "land-form" illus-

trated a case of forces normally "potential
"

while the leaf is

submerged, becoming "actual" when the leaf developed in air.

After some further deductions, Prof. Henslow concluded that

protoplasm and the forces bound up with it were perfectly able

to do all the work of transmitting parental characters, as well

as to acquire new characters, which in turn might become

hereditary as well.

Physical Society, November 6.—Dr. E. Atkinson, Vice-

President, in the chair.—Prof. Sydney Young read a paper on the

generalizations of Van der Waals regarding
"
corresponding

"

temperatures, pressures, and volumes, in which he gave the

results of an investigation made with a view of testing whether
these theoretical deductions agree with experimental facts.

From his virial equation.

('-„")< /^) =R(i -t- o/).

Van der Waals showed that, if the absolute temperatures of

various substances be proportional to their absolute critical

temperatures, their vapour pressures will be proportional to

their critical pressures, and their volumes, both as liquid and
as saturated vapour, will be proportional to their critical volumes.

These deductions have now been put to the test of experiment.
Some years ago, Prof. Ramsay and the author published data

relating to the temperatures, pressures, and specific volumes of

methyl-, ethyl-, and propyl-alcohols, ether, and acetic acid.

Since then, experiments have been made on benzene and its

halogen derivatives—fluor-, chloro-, bromo-, and iodo-benzene—
carbon tetrachloride and stannic chloride, and in a few cases

the observations have been carried to the critical points. The
critical volumes being in many cases difficult to determine

with any exactness, the author, instead of expressing the tem-

peratures, pressures, and volumes of each substance in terms
of their critical values, found it necessary to compare the various

substances with one of them taken as a standard. Fluorbenzene
was chosen as standard on -account of the very simple relations

observed between the monohalogen derivatives of benzene, and
the fact of its critical constants (temperature, pressure, and
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volume) having been determined with considerable accuracy.
Some of the critical constants of the various substances examined
are given in the following table, the brackets indicating calculated

values—

Substance.

Fluorbenzene
Chlorobenzene
Bromobenzene
lodobenzene
Benzene
Carbon tetrachloride

Stannic chloride ...

Ether

Methyl alcohol

Ethyl alcohol

Propyl alcohol

Acetic acid

Formula.

CgHjCl
C..H5Br
QH5I
CeHg
CCI4
SnCl4

(C2H5),0
CH3OH
CHsOH
C3H.OH

CH,..C'00H

Tempera-' Pressures Volumes in c.c.'s

turesin :inmms.ofl ^^^ ^^,^.
C.

, mercury. ^^^^^^ ^^,^^

286-55
(360)

(397)

(448)

288-5

283-15

318-7
194-4
240-0

243 "I

263-7
321-6

33.912
(33.912)

(33.912)

(33,912)

36,395
34,180
28,080

27,060
: 59,760
47,850
38,120
43.400

2-43

2*34

1-76

1-47
2-82

2-46

233
(262)

(275)

(298)

219

147

Other tables of experimental data—including boiling-points at

corresponding pressures, vapour pressures at corresponding

temperatures, molecular volumes of liquid and saturated

vapours at corresponding pressures and at corresponding tem-

peratures, and ratios calculated therefrom, accompany the

paper. From these the author infers : (i) that Van der Waals's

generalizations are nearly true for chloro-, bromo-, and lodo-

benzene when compared with fluorbenzene
; (2) that for

benzene, carbon tetrachloride, stannic chloride, and ether, the

generalizations may only be taken as rough approximations
to the truth ; and (3) that for the three alcohols and acetic

acid, they do not hold good at all. The tables further show
that more consistent results are obtained when the comparisons
are made at corresponding pressures rather than at corresponding

temperatures, particularly in the case of molecular volumes of

saturated vapours. The subject of saturated vapours is also

treated by another method. If Van der Waals's deductions

were strictly true, then the ratios of the actual densities of the

saturated vapours of different substances to their theoretical

densities should be equal at corresponding pressures. These
ratios have therefore been calculated, and show an approximate
agreement amongst benzene and its halogen derivatives, carbon

tetrachloride, stannic chloride, and ether. For the other

substances the agreement is less satisfactory. It is also noted

that the ratio of the actual critical density to the theoretical

density is for many substances about 4-4. The alcohols differing
so widely from the other compounds, were compared amongst
themselves instead of with fluorbenzene, with the result that

somewhat closer agreement was found, but the deviations were
still far outside the limits of experimental error. Of the critical

constants the volumes are the most difficult to determine, because
at the critical point the curves connecting temperature and

volume, and pressure and volume, are parallel to the axes of

volume. Accordingly, the author, in some cases, has deduced
this quantity by plotting against temperature the numbers

representing the ratios of the molecular volumes both of liquid
and saturated vapour to those of fluorbenzene at corresponding

temperatures and also at corresponding pressures. Four curves

result, which should intersect at the critical temperature, and
the point of intersection gives the ratio of the molecular

critical volume of the substance to that of fluor-benzene. This

method leads to results in fair accord with direct determina-

tions. In the discussion which followed the reading of the

paper. Prof. Ramsay said the results proved that Van der

Waals's generalizations were only rough approximations, and he

suggested that some force had been neglected or a term omitted

from the equations. Perhaps the assumption that the molecules

are incompressible was not correct. He also strongly protested

against the tac.it assumption of Van der Waals's laws, and
deductions made therefrom, which had recently become so

common, particularly in German text-books. Prof. Perry

inquired whether the quantities a, b, and a, had been deter-

mined for different substances and found to be constant. Prof.

Ramsay said that for substances in States analogous to those of

perfect gases, the quantities were approximately constant, but

when the liquid state was approached this was no longer
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true. According to Prof. Tait, the two states were not con-
tinuous. Prof. Herschel remarked that Prof. Tait had estab-

lished his law on the assumption that the co-volume is four

times the volume occupied by the molecules. This law, he

said, had been amply verified by experiments on explosions.
Dr. Burton, referring to Prof. Ramsay's remarks on the com-

pressibility of molecules, said the law of force between attract-

ing molecules should be accurately known before any deductions
were made

; and he pointed out that, at constant volume, the

pressure should be proportional to the absolute temperature, if

allowance be made for the negative pressure of attraction. Mr.

Blakesley, in speaking of molecular forces, said he had observed

that, when water is allowed to evaporate from glass, a furrow is

formed in the glass, which marks out the original boundary of

the liquid. To all appearance, the particles of glass are torn

away by the molecular forces acting along the boundary.

GeologicaljSociety, Nov. 1 1.—Sir Archibald Geikie, F, R. S.
,

President, in the chair.—The following communications were
read :

—On Dacrytherinm oviimm from the Isle of Wight and

Quercy, by R. Lydekker. The author described a cranium and
mandible of Dacrytherium Cayliixi from the Quercy phos-

phorites, which proved the identity of this form with the Dkho-
hune ovina of Owen from the Oligocene of the Isle of Wight.
This species should thus be known as Dacrytherititii ovinum. It

was shown tha tthe mandible referred by Filhol to D. Cayluxi
belongs to another animal.—A discussion followed, in which
Mr, Charlesworth and Mr. E. T. Newton took part.

—
Supple-

mentary remarks on Glen Roy, by T. F. Jamieson. The
author discusses the conditions that preceded the formation of

the Glen Roy Lake, and appeals to a rain-map of Scotland in

support of his contention that the main snowfall in glacial times

would be on the western mountains. He gives reasons for

supposing that, previously to the formation of the lake, the

valleys of the Lochaber lakes were occupied by ice, and that

the period of the formation of the lakes was that of the decay of

the last ice-sheet. He supports the correctness of the mapping
of the terraces by the officers of the Ordnance Survey, and
shows how the absence of the two upper terraces in Glen Spean
and of the highest terrace in Glen Glaster simplifies the explana-
tion of the formation of the lakes by ice-barriers. The alluvium

of Bohuntine is considered to be the gravel and mud that fell into

the lake from the front of the ice when it^stood at the mouth of

Glen Roy during the formation of the two upper lines. During
the last stage of the lake, the ice in the valley of the Caledonian

Canal is believed to have constituted the main barrier, whilst

the Corry N'Eoin glacier played only a subordinate part. The
author suggests the possibility of a deb&cle during the drop of

water from the level of the highest to that of the middle terrace,

and in support of this calls attention to the breaking down of

the moraines of the Treig glacier at the mouth of the Rough
Burn. He believes that when the water dropped to the level of

the lowest terrace, it drained away quietly, at any rate until it

receded from Upper Glen Roy. In discussing Nicol's objections,
he maintains that notches would not be cut at the level of the

cols, and observes that the discrepancy between the heights of

the terraces and those of the cols has probably been increased by
the growth of peat over most of the ground about the water-

sheds. The horizontality of the terraces is stated to be a fact,

and cases are given where waterworn pebbles are found in

connection with the "roads," these being especially noticeable

in places where the south-west winds would fully exert their

influence, and the structure of the terraces is considered to be

such as would be produced at the margins of ice-dammed lakes.

Further information is supplied concerning the distribution of

the boulders of Glen Spean syenite. These are found on the

north side of the Spean Valley, at the height of 2000 feet above
the sea and 1400 feet above the river, and fragments of the

syenite have been carried towards the north-east, north, and
north-west. In an appendix, the author discusses Prof. Prest-

wich's remarks on the deltas, and his theory of the formation of

the terraces. After some remarks from Prof. Bonney and Mr.

Marr, the President said he agreed that no explanation that had

yet been proposed for the parallel roads of Lochaber was free

from difficulties. Yet he had long felt that these were far fewer

and less formidable in the glacier theory than in any other.

Had the terraces been marine, there ought surely to be similar

terraces in some at least of the hundreds of sheltered glens in

the Scottish Highlands, where the conditions for their formation

and preservation were at least as favourable as in Glen Roy and

its adjacent valleys. And though the absence of marine shells
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. in the Lochaber shelves might not be a serious difficulty, it was
hard to understand why such shells should not be found in many

; localities had the whole country been submerged to the height
: of the highest Glen Roy "road." Then no satisfactory ex-

planation on the marine theory had ever been given of the

. coincidence of the terraces with well-marked cols ; while a
t further formidable objection to this theory lay in the nature and
: distribution of the detritus of the shelves, which, in his opinion,
. was very unlike material arranged in a tidal sea, but was quite
I what might be looked for in a freshwater lake. He thought
: that the author's present paper lessened some of the difficulties

of the glacier theory by simplifying the grouping of the ice-

dams. There still remained the objection that if the Great

Glen and the valleys round Ben Nevis were choked up with ice.

Glen Roy and its neighbours could hardly have been filled with

water. But this difficulty, which every glacialist must have felt,

was probably more formidable in appearance than in reality.

As Mr. Marr had pointed out, conditions did actually now
exist in Greenland very similar to those which, according to the

theory so ably expounded by the a uthor, formerly existed in

Lochaber.

Royal Meteorological Society, November i8.—Mr.Baldwin

Latham, President, in the chair.—Mr. R. H. Scott, F.R.S.,

gave an account of the proceedings of the International Meteoro-

logical Conference, which was held at Munich from August 26

to September 2.—The following papers were also read :
—Ac-

count of an electric self-recording rain-gauge, by Mr, W. J. E.

Binnie. This is a very ingenious instrument, and has been con-

structed on the assumption that all drops falling from an orifice

or tube are identical in weight, as long as the dimensions of the

orifice are not varied.—On wet and dry bulb formula;, by Prof.

J. D. Everett, F. R.S. This is a criticism of the methods

investigated some years ago by M. August and Dr. Apjohn for

determining, by calculation, the maximum vapour tension for

the dew point from the temperatures of the dry and wet bulb.

Prof. Everett also criticizes the values adopted by Regnault, and

says that, in presence of the uncertaintyjas to a rational formula,
he thinks Mr. Glaisher did wisely in constructing his table of

factors, which give the dew point approximately by the most
direct calculation which is admissible. The inherent difficulties

of hygrometric observation and deduction are great, and have
not yet been fully overcome.— Results of meteorological
observations made at Akassa, Niger Territories, May 1889
to December 1890, by Mr. F. Russell, F.R.G.S. This is in

continuation of a former communication respecting the same

place. After detailing the results of the various observations,

the author says that this period was very unhealthy, and the

year 1890 especially so. The weather was exceptionally dry,
with small-pox and phthsis amongst the native population. The
West Coast reports generally were also unfavourable in reference

to the condition of resident Europeans, and at the principal

ports quarantine regulations were put in force consequent upon
an outbreak of yellow fever in places situated to the south-west.

At Bonny ten deaths occurred from November to February out

of a population of some sixteen Europeans.

Sydney.

Royal Society of New South Wales, September 2.—H.
C. Russell, F.R.S., President, in the chair.—The following

papers were read :
—On a wave-propelled vessel, by Lawrence

Hargrave.
—Notes on a spontaneous disease among Australian

rabbits, by M. Adrien Loir.—Notes on recent celestial photo-

graphs, by H. C. Russell, F.R.S.—Some folk-songs and myths
from Samoa, by Rev. G. Pratt and Dr. John Eraser.—A quick
filter without the aid of pumps was exhibited and described by
W. M. Hamlet.
October 7.

— H. C. Russell, F.R.S., President, in the chair.

—The following papers were read :
—Notes on the use, con-

struction, and cost of service reservoirs, by C. W. Darley.
—Dr.

Fraser presented some myths and historical records from Samoa.
The myths had reference to an ancient practice of offering every

day a human sacrifice to the sun, and to a chief called
" Malie-

toa the Fierce," and showed how that was stopped. The
histories were chiefly genealogies of the kings of Manu'a.

Paris.

Academy of Sciences, November 16.—M. Duchartre in the

chair.—On the secular acceleration of the moon..and the varia-

bility of the sidereal day, by M. F. Tisserand. From the author's

investigation it seems that the increase in the length of the day
produced by tidal action is almost the same in amount as the

decrease resulting from the secular contraction of the earth due
to its cooling, so the length of the sidereal day remains practically
invariable.—On the research on the number of roots common to

several simultaneous equations, by M. Emile Picard.—On the

law of intensity of light emitted by phosphorescent bodies, by
M. Henri Becquerel. A correction to a formula given in a

previous paper.
—The heat of formation of hydrazine and of

hydrazoic acid, by MM. Berthelot and Matignon. Hydrazine—
(i) Heat of solution of hydrazine sulphate at lo'^*6 is -870
cal. per molecule. (2) Heat of neutralization : (a) by sulphuric
acid + 5 '55 cal. per equivalent ; (/') by hydrochloric acid -t- 5*2
cal. per equivalent. Hydrazine is therefore a weak base com-

parable to ferric oxide. (3) Heat of combustion of I mol.

crystallized hydrazine sulphate = 4-1277 cal. (4) Heat of

formation 2^'oH4 -— - 475 cal. Hydrazoic acid—(l) Heat of

solution of ammonium salt, = -
7 '08 cal. per mol. (2) Heat

of neutralization : {a) by baryta water -I- lO'O cal.
; (]}) by am-

monia -f 8'2 cal. Hydrazoic acid, dilute, is comparable to

amidobenzoic acid, superior to hyponitrous acid. (3) Heat of

combustion of the am. salt -f 163 "8 cal. per mol. at constant

volume, and -f 163 "3 cal. at constant pressure, by explosion in

compressed oxygen. (4) Heat of formation of am. salt : («)

crystallized
-

25-3 cal. ; {b) in solution -
32*3 cal. Heat of

formation of the free acid in dilute solution — - 61 "6 cal.—Oxi-

dation of nickel carbonyl, by M. Berthelot. (See Notes.)—
Tablesof Vesta, by M. G. Leveau. A comparison of the meridian

observations made of the minor planet Vesta, from January to

April 1890, with positions given in the Nautical Almanac, and
in an ephemeris computed by means of M. Leveau's tables of

this planet. The tables are founded on 5000 meridian observa-

tions made between 1807 and 1888, and the masses taken for

Jupiter and Mars, respectively, are i/i045"63 and 1/3,648,000.
The mean differences of position are greater in the Nautical

Almanac than in M. Leveau's ephemeris, both in right ascension

and declination.—On secular variations of eccentricities and in-

clinations, by M. J. Perchot.—On linear differential equations,

by M. Andre Markoff.—On the dielectric power, by M. Julien
Lefebvre. From experiments described, the following mean di-

electric constants have been derived : sulphur (flower and roll),

2'6
; sulphur, cast in rolls six months previously, 3*9; ice,

different specimens, 3'45 and 2'4 ; ebonite, 2*3; paraffin,

brown, 2"l, white, 2"o
; petroleum, i'9 ;

carbon bisulphide,

17; spirits of turpentine, i"5. The results agree fairly well

with those obtained by Gordon. M. Lefebvre also finds that

the dielectric constant of sulphur increases with the time.—On
an application of photography to the polariscope, by MM.
Chauvin and Charles Fabre.—Action of light on ruthenium

peroxide, by M. A. Joly.
— Salts formed by oxygen compounds

of ruthenium inferior to ruthenic and heptaruthenic acids, by M.
A. Joly.

—On the iodonitroso and bromonitroso compounds of

platinum, by M. M. Vezes.—On the coloration of solutions of

cobalt, and the state of its salts in solution, by M. A. Etard.—
The nitration of silk, by MM. Leo Vignon and P. Sisley.

—On
the implanting of large pieces of decalcified bone to fill up losses

of the substance of the skeleton, by M. Le Dentu. It has been

found that pieces of decalcified bone substituted for a portion or

the whole of a diseased bone plays the part of a temporary support

which, before disappearing, allows the periosteum or the osseous

tissue sufficient time to reconstruct a new bone. —On some

phenomena of reproduction of Cirrhipedes, by M. A. Gruvel.—
On the age of the fauna of Samos, by Mr. Forsyth Major.—On
a Neolithic flint working [exploitation) of a new type, by M.
Armand Vire.

Berlin.

Physiological Society, October 30.
—Prof duBois-Reymond,

President, in the chair.—Prof. Gad reported on experiments,
conducted under his direction by Dr. Schtscherbak, on the

alteration of the movements of eating in rabbits which result

from removal of certain parts of the cerebrum.

Meteorological Society, November 3.
— Prof. Schwalbe,

President, in the chair.—Dr. Zenker spoke on the relation-

ship of solar radiation, as it would really occur if the sun were

directly overhead and there were no atmosphere, to the actually

existing and observed temperatures of stations, taking into ac-

count their proximity to oceans and continents.—Prof Hellmann
made a short communication on the recent experiments in

America on the artificial production of rain.
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Physical Society, November 6.—Prof, du Bois-Reymond,

President, in the chair.—Dr. Raps explained certain modifica-

tions which he had introduced into his automatic mercurial

air-pumps, and demonstrated the action of the pump on a

Geissler tube, which he rapidly exhausted so completely that a

phosphorescent light made its appearance in it.
—The President

made some remarks on photographs of the human retina.—
Prof Kundt described Dr. Zehnder's new and simple differential-

refractor, an instrument by means of which the two rays destined

to produce interference may be kept some 50 to 100 cm. apart,

and be subjected separately to varying experimental conditions.

DIARY OF SOCIETIES.
London.

THURSDA V, November 26.

Royal Society, at 4.30.—On Instability of Periodic Motion : Sir William

Thomson, Pres.R.S.—A New Mode of Respiration in the Myriapoda: F.

I G. Sinclair.—Further Observations on the Gestation of Indian Rays: J.

Wood- Mason and A. Alcock.—On some Variations observed in the

Rabbit's Liver under certain Physiological and Pathological Circum-

stances : Dr. Brunton, F.R S., and Dr. Delepine.—On the Electromotive

Phenomena of the Mammalian Heart : W. M. Bayliss and Dr. E. H.

Starling.
Institution of Electrical Engineers, at 8.—Description of the

Standard Volt and Ampere Meter used at the Ferry Works, Thames
Ditton : Captain H. R. Sankey (late R.E.) and F. V. Andersen.

London Institution, at 6.— On the Spread of Commerce in Europe in

Prehistoric Times ; Prof Boyd Dawkins, F.R.S.
Camera Club, at 8.30.

—Some Analogous Aspects of Painting, Music, and

Poetry (Musical and Pictorial Illustrations) : Rev. F. C. Lambert.

FRIDAY, November 27.

Institution of Civil Engineers, at 7.30.
—Modern Railway Carriages :

Walter Clemence.
Camera Club, at 8.—Retouching : Redmond Barrett.

SATURDAY, November 28.

Royal Botanic Society, at 3.45.

Essex Field Club, at 6.30 (at Loughton).—On some Aiicient Lake Re-
mains at Felstead, with Notes on other similar Remains in the District :

J. French.—The Life-History of the Hessian Fly : F. Enock.

SUNDAY, November 29.

Sunday Lecture Society, at 4.
—How came the Great Ice Age? (with

Oxyhydrogen Lantern Illustrations): Sir Robert S. Ball, F.R.S.

MONDA Y, November 30.

Royal Society, at 4.
—Anniversary Meeting.

Society of Arts, at S.—The Pigments and Vehicles of the Old Masters :

A. P. Laurie.

KovAi. M.icROscopicAi.SociETV,a.tS,—Conversazione.
Aristotelian Society, at 8.—CroU's Philosophical Basis of Evolution :

Arthur Boutwood.
London Institution, at 5.

—Recent Progress in Astronomy (Illustrated) :

Sir Robert Ball, F.R.S.
Camera Club, at 8.30.

—Lantern Evening.

TUESDAY, December I.

Zoological Society, at 8.30.
—Notes on Transcaspian Reptiles : G. A.

Boulenger.
—Further Descriptions of New Butterflies from British East

Africa, collected by Mr. F. J. Jackson during his Recent Expedition,
Part II. : Miss K. M. Sharpe.—On the Association of Gamasids with

Ants : A. D. Michael.—Notes on the Bornean Rhinoceros : Edward
Bartlett.

Institution of Civil Engineers, at 8.—Monthly Ballot for Members.—
Renewed Discussion on Portland Cement and Portland-Cement Concrete :

Messrs. Bauiber, Carey, and Smith.

WEDNESDAY, December 2.

Society of Arts, at 8.—Secondary Batteries : G. H. Robertson.

Entomological Society, at 7.
—Noteson Lycsena {recte Thecla) Rhymnus,

Tengstraemii, and Pretiosa : George T. Baker.—The Effects of Artificial

Temperature on the Colouring of Vanessa urticse and certain other Species

of Lepidoptera : Frederic Merrifield.—On the Variation in the Colour of

the Cocoons of Eriogaster lanestris and Saturnia carpini : W. Bateson

(communicated by Dr. D. Sharp, F.R.S.).

THURSDAY, December 3.

Chemical Society, at 8.—Ballot for the Election of Fellows.—Phosphorus

Oxide, Part II. : Prof Thorpe, F.R.S., and A. E. Tu ton.—On Frangulin,
Part II. : Prof Thorpe and Dr. A. K. Miller.—The Structure and Cha-

racter of Flames: A. Smithels and H. Tingle.—The Composition of

Cooked Vegetables: Miss K. J. Williams.—On the Occurrence of a

Mydicatic Alkaloid in Lettuce: T. S. Dymimd.—On some Metallic

Hydrosulphides : S. E. Linder and H. Picton.—On the Physical Consti-

tution of s ime Solutions of Insoluble Sulphides : Harold Picton.—Solu-

tion and Pseudo-Solution : H. Picton and S. E. Linder.
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FIELD GEOLOGY.
Outlines of Field Geology. By Sir Archibald Geikie,

F.R.S. (London : Macmillan and Co., 1891.)

GEOLOGISTS,
we are sometimes told, are a com-

bative race. Geologists may fearlessly allow that

the impeachment has a spice of truth in it. They may
take comfort when they reflect that no serious conse-

quences have ever followed from this tendency, in spite of

the facilities which the formidable weapons they carry

with them offer for pushing it to an extreme. Their

healthy out-door life prompts banter, and the passes are

apt to be so quick and keen that the uninitiated may be

pardoned if they think the buttons are off the foils.

The meetings of the Geological Society have witnessed

many a sharp passage of arms. It may be permissible
to recall one. A well-known member of the brotherhood,

safe long ago among the majority, of large and varied ex-

perience, was indulging in just a little brag about the

broad areas he had surveyed. The retort came sharp
and quick from one whose quips and cranks are now alas

heard no more :

" Where are your maps ?
" And the

contemptuous answer was, that the chief requisites for

geological mapping were a stout pair of legs and sound

wind. There were elements of truth in this lively

sparring, despite its extravagance.
It is a truism that need hardly be repeated, that geology

cannot be learned without out-door work, and geological

excursions are a necessary item in all geological teaching.

But what do they amount to ? There is a leader who
knows the country well. He selects a line along which

sections follow one another in close succession. The ex-

posures are so plentiful and near together that even the

beginner realizes without difficulty the order in which the

several rock-groups follow one above the other, and there

are ample opportunities for mastering their lithological

character and fossil contents. A longitudinal section is

readily constructed, and figures with more or less of mis-

conception in the note-book of each of the party. An
admirable start this. But what is it compared with the

mental discipline that goes along with the making ot a

geological map, and the grip of the subject that results

from this form of geological work? There is as much
difference between the two as between that form of sport

which consists in riding behind a pack of hounds who
follow a trailed herring, and the stalking of deer in their

native wilds.

It is in mapping more than in any of its other branches

that geology rises to the level of an educational tool.

Here there must be the instinctive skill, acquired by long

practice, which leads the surveyor to select in his pre-

liminary work the traverses most likely to give a broad

view of the structure of the district he is working over ;

the patience which forbids, when the first rough sketch

comes to be filled in, that a single square yard of ground
shall be left unvisited, lest some bit of evidence should be

missed ;
and the constructive power which pieces together

the accumulated mass of multifarious data into a con-

sistent whole. Keenness of eye, neatness ofhand, judg-

ment, unwearied application, and chastened imagination
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figure among the requisites for the work, and grow in

strength as it proceeds. Surely the finishing touch in a

geologist's education is given by the making of a geo-

logical map.
That the art cannot be learned from books alone, goes

without saying ;
that books can do but little towards

teaching it, may be safely maintained. But there is no

reason why a master should not give us in print all the

aid that a book can afford, and lure us to the fascinating

pursuit by an eloquent description of its charms. And
that a book which deals with field-geology has been found

of service, and that geologists are not averse to hear the

praises of their favourite employment, are proved by the

fact that the little book on this subject by the Director-

General of the Geological Survey is now in its fourth

edition.

The work is primarily addressed to geologists, but it

appeals also to those who have no claim to so distinctive

a title, and no wish for it. It shows how much pleasure

may be derived from an acquaintance with the science no

larger than any intelligent person may easily acquire ;

how even this moderate amount of knowledge enhances

the enjoyment of travel and of the daily walk. But let

the author speak for himself.

" To those who are fond of country rambles geology
offers many attractions. Few men are so unobservant as

not to be struck, now and then, by at least the more
salient features of a landscape. Even in a flat, featureless

country, the endless and apparently capricious curvings of

the sluggish streams may occasionally suggest the ques-
tion why such serpentine courses should ever have been
chosen. But when the ground rises into undulations,
and breaks out into hills or crags ;

still more, when it

towers into rugged mountains, cleft by precipices down
which the torrents are ever pouring, and by ravines in

the depths of which the hoarse streams ceaselessly

murmur, one can hardly escape the natural curiosity to

know something about these singular aspects of the

landscape, when and how they arose, and why they
should be precisely as they are."

Our author goes on to say that
" the day is now hap-

pily past when the sterner features of the land awakened

only a feeling of horror
; when they were styled hideous

and unsightly ;
when they were never visited save under

the necessities of travel, and were always left behind

with a sense of relief." That the appreciation of the

beauty of mountain scenery is a taste of modern growth
can hardly be disputed. It is open to question whether

the comforts of modern travel have not done as much to

foster it, as a scientific curiosity to know how the forms

which charm our eye were produced. But, however this

may be, the awakening and the satisfying of such curiosity
are added items to the stock of pleasures which the lover

of Nature derives from her wilder aspects.

Some of the inducements to field-work having been
thus attractively put; forward, the author defines the aim
of the book. The student

" must betake himself to Nature from the first. His
lessons in the field should accompany his lessons
from the text-book or lecture-room. In many cases he
must grope his way without guide or assistance. . . .

The following chapters are offered for his help. . . .

Their aim is to point out how observations may be made,
what kinds of data should be looked for, what sort of
evidence should be sought to establish a conclusion, and
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what deductions may be drawn from particular facts. In

short, they are to be regarded as sign-posts pointing out

some of the highways and byways of geological inquiry,
but leaving the reader to perform the journey in his own
fashion."

At the outset it is made clear that, though some loca-

lities supply more material than others, even the most

unpromising are far from barren of interest to those who

have eyes to see. The necessary equipment is fully de-

scribed. In addition to the "cheese-taster" mentioned

on p. 29, the portable boring-apparatus devised by Bel-

gian geologists has been found useful. So much stress

has been already laid on the value of mapping, that it

will be enough to say that, in the author's opinion, the

geologist
"
acquires by it a thoroughness of grasp attain-

able in no other way." It would have been well if the

meaning ^of contour lines, and the way in which hill-

shading is used to denote the shape of the surface, had

been treated of more fully. The illustrations of the

sinuosities of outcrop across uneven ground, on p. loi,

are beautifully distinct, but nothing is said as to the value

of models in making clear this point to the beginner. Of

course they tell most when he makes them himself : a

little modelling clay ran generally be obtained
; but, in

default of better material, an apple or turnip can be made

to do good service. In the very handy approximate rule)

on p. 116, for determining the thickness of a bed when

its dip and the breadth of its outcrop are known, it is not

stated that the surface on which the breadth is measured

must be horizontal ; or, if it be an inclined plane, we
must substitute for dip the sum or difference, as the case

may be, of the dip of the bed and the incHnation of the

plane to the horizon. The error committed in using this

rule for a dip of 5° is a little over 4 per cent, in defect
;

it

decreases as the dip increases up to 30° : for that angle

the rule is accurately true. For dips over 30" the rule

gives the thicknesses too great ; the error increases

rather rapidly with the dip, and at 45° amounts to 6 per

cent.
;
for a dip of 50° it is nearly 9 per cent.

The great value of the book consists in this : from

beginning to end it embodies the experiences of one who

has spent a lifetime in field-work, and so it is full of
"
wrinkles

" which could not possibly have been picked

up in any other way. Most of these anyone who has in

him the making of a field-geologist would sooner or later

have found out for himself; but it is no small gain to

the beginner to be put on the right track to start with,

and to have his instructions conveyed with the life and

freshness that practical acquaintance can alone give-

The present writer feels proud that in one respect he can

claim even a more extended experience than the author

of the book : the latter, apparently, has never been sus-

pected of being an incendiary (see p. 20), a fate which once

befell him who pens this notice. A. H. Green.

THE LAND OF THE LAMAS.
The Land of the Lamas : Notes of a Journey through

China, Mongolia, and Tibet. By William Woodville

Rockhill. With Maps and Illustrations. (London :

Longmans, Green, and Co., 1891.)

MR.
ROCKHILL has for so long a time taken

special interest in Tibet that he is able to speak of

it as his "life hobby." Accordingly, when, in 1884, he

was attached to the U.S. Legation at Peking, he looked'

forward with pleasure to the chance of exploring the

country ;
and he began to make the best of all prepara-

tions for the undertaking by studying the Tibetan

language. At this he worked for four years, during

which he also gave some time to the study of Chinese.

In the winter of 1888 he resigned his post of Secretary

of Legation, and made ready for his long-anticipated

journey. He determined to enter Tibet from the north,

and started from Peking on December 17. The choice

of this route made it necessary for him to make in the

first instance for Lan-chou, the capital of the province of

Kan-su ; so he arranged with a cart firm to supply him

with two carts, with two mules to each, to take him there

in thirty-four days. For every day over this they were to

pay him two taels, he giving them the same amount for

every day gained on the date agreed upon. This plan

worked admirably, and he reached his destination two

days ahead of time. The distance was 1350 miles.

From Lan-chou, Mr. Rockhill advanced to Hsi-ning,.

the residence of the Chinese Imperial Controller-general

of the Koko-nor, an official known to the Tibetans and

Mongols as the Amban. As this magnate was strongly

opposed to foreigners, Mr. Rockhill made off from Hsi-

ning as soon as possible, going to Lusar, a village near

Kumbum. Kumbum is a great religious centre, and he

was fortunate enough to be present on the 12th of the

first moon, when the Chinese in every village and town

of the empire celebrate the dragon festival. After

looking through one of the temples, he and those who

accompanied him walked round it, keeping it on the

right hand—"a mode of showing respect for sacred

things observed in all lamaist countries." At a lamasery

in the neighbourhood, where he found a native who had

taught him Tibetan at Peking, he had much pleasant

talk with various lamas. These authorities were, he says,
"
immensely amused "

by what he had to tell them about

esoteric Buddhism and the Mahatmas.

Mr. Rockhill's final preparations were made at Tankar,.

the most westerly border town in that part of Kan-su.

From this place, with his men, he set out on March 24,.

1889, and was soon across the frontier. His intention

was to visit Lh'asa ;
and had he succeeded in carrying

out this plan, his narrative would probably have taken

rank among the foremost modern books of travel.

Unfortunately, the difficulties in the way proved to be

insuperable, and he was obliged to content himself with

a much less ambitious enterprise. The first country

traversed by the party was Koko-nor, their route taking

them past the northern shore of the great lake from

which the region derives its name. This lake is some

230 miles in circumference, and its altitude is about

10,900 feet above sea-level. Looking at it from a low

pass to the north-east, Mr. Rockhill describes it as
" a

glistening sheet of ice, stretching as far as the eye could

reach to the west, and bounded to the south by a range

of high, bleak mountains with snow-tipped peaks." To

the north and west of the lake there is fine grazing-land,

which is watered by many streams. Here nomads find

excellent camping grounds in swales and hollows, which

afford protection from violent west and north-west winds.

After leaving Koko-nor, the party passed in a southerly

direction through Ts'aidam, crossing the Timurt^
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Mountains, beyond which they entered the desert of

Koko Beileh. Starting from the village of Shang, in

Ts'aidam, Mr. Rockhili explored a district which

Prjevalsky did not find it convenient to visit. Here he
followed the course of the Yohure, on the left bank of

-which a range of mountains culminates in a peak which
Mr. Rockhili estimated to be between 17,000 and i8,ooo
feet above sea-level. This peak he called Mount Caroline.

The district was everywhere
"

literally alive with game,"
yak and wild asses being particularly plentiful. Of the

Mongols of Ts'aidam, Hue and Prjevalsky have given

very unfavourable accounts. Mr. Rockhili found them
honest and hospitable ; and he says they are much more
devout Buddhists than the Koko-nor Tibetans. Among
the latter, the laity "do not bother themselves about

praying, thinking that they pay the lamas quite enough
to do all that is necessary for their good," whereas the

Ts'aidam Mongols "are continually mumbling prayers,

twirling prayer-wheels, or perhaps doing both at the same
time." At Shang a pole supporting two prayer-wheels
was attached to the roof of nearly every house. The
wheels were put in motion by the wind, which was caught

by a simple arrangement of wooden cups fixed on the

ends of horizontal sticks, and looking Mike our anemo-
meters.

From Ts'aidam the party entered North-Eastern Tibet,
and here they'traversed for the most part a bleak country
until they were some way beyond Jydkundo. The

country between the range to the south of Alang-nor and
the source of the Yellow River has an average altitude of

about 14,500 feet
;
and at this height the horses and dogs

soon showed signs of great fatigue.
" We felt no brighter

than the animals," says Mr. Rockhili ;

" our clothes

seemed to weigh tons, our guns loaded us down, and

walking, even on the level, was such a violent effort

that perspiration poured down our faces." They were

repeatedly warned that it would be impossible for them

to cross the Drd Ch'u or upper Yang-tzu Kiang. The

passage, however, was effected without serious difficulty.

At the point where they first saw it, the river was of a

beautiful blue colour. It was about 120 yards wide and

20 feet deep, and flowed swiftly between high, bare^

reddish mountains. South of the Dre Ch'u they crossed

the Zonyik Valley (altitude, 16,300 feet), at the head of

which they saw twelve argali, a kind of sheep which is

said to be not uncommon in the wilder gorges along
the river. The snow was so deep, and any exertion so

exhausting, that Mr. Rockhili did not try to get a shot at

them. Beyond this valley the party came to Taglung-la,

(altitude, 16,650 feet), the highest pass crossed in the

course of the whole journey.

Jyekundo proved to be a pretty place, nestling at the foot

of a high, steep hill crowned with the brightly coloured

walls of a lamasery. After the fatigues the party had

undergone, Mr. Rockhili wished very much to spend a

week or two at this village ; but the abbot of the

lamasery, who was the chief of the district, was so

bitterly hostile that-they had to depart in haste. During
the first day's journey beyond this point the country
remained bare and bleak

;
but when, on the following day,

they entered the Dren-kou valley, which leads down to the

Dre Ch'u, the scenery
"
changed as if by magic." They

found themselves in a fertile and picturesque glen, where
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juniper and pine trees grew on the mountains, while by th^

roadside were plum, gooseberry, honeysuckle, and other

shrubs, the fragrance of their blossoms filling the air. A
brook flowed between banks covered with soft green grass
"
powdered over with little white and pink flowers.''

During the remainder of the journey Mr. Rockhili was

often troubled by the lamas, but in other respects his diffi-

culties were less formidable. The route passed through

many villages, and he often has occasion to express

admiration for the charm of the scenery. Advancing in a

south-easterly direction, he came to Dergd, the richest

agricultural and manufacturing region of Eastern Tibet,

and the most densely populated. It is especially famous

for the excellence of its metal-work. Mr. Rockhili spent

some days at Kanze, the chief city of the Horba country,

the inhabitants of which seemed to him the best-looking

people he had seen in Tibet. Lu, the Chinese official

stationed at Kanzd, warned him that he might encounter

serious dangers beyond that city, and insisted on his

taking an escort of four Chinese soldiers. Talking of wild

tribes to the north of the Horba country, this official

assured Mr. Rockhili that men in a state of primitive

savagery were found in Tibet. Lu himself had seen a

number of wild men who had been driven out of woods

by a forest-fire on the flank of Mount Ka-lo, east of

Kanz^. "
They were very hairy, their language was

incomprehensible to Tibetans, and they wore most

primitive garments made of skins. He took them to

belong to the same race as the Colok, of whom many
lived in caves in a condition of profound savagery."

From Jyekundo to Dawo, Mr. Rockhili followed the

route which had been taken by Pundit A— K—
,
or

Krishna, in 1882; but from Dawo to Ta-chien-lu he chose

a different way, and thus had an opportunity of studying

a new section of country, which he carefully describes.

At Ta-chien-lu, his travels, so far as Tibet was con-

cerned, came to an end. He had still before him, how-

ever, a long journey in China, and of the more striking

part of it he gives
' an excellent account, presenting with

special vigour the incidents of a trip down the Yang-tzu

Kiang, which had "just enough of danger in it to give it

zest."

Mr. Rockhili writes simply and clearly, and geo-

graphers will read with interest all he has to say of the

more remote regions through which he passed. His

remarks on the people are not less valuable. It is stated

by Chinese writers of authority that for every family in

Tibet there are three lamas, and Mr. Rockhili does not

believe that this is an exaggerated estimate. From

Jydkundo to Ta-chien-lu, a distance of about 600 miles, he

passed forty I amaseries, in the smallest of which there

were 100 monks, and in five of them from 2000 to

4000. Their landed property is in many cases enormous,
and their serfs and bondsmen swarm. There are four

lamaist sects, called by the Chinese, yellow, red, black,

and white lamas
; but the laity do not attribute much

importance to the differences between them. In Eastern

Tibet there is also a creed known as " Bon." It repre-

sents the pre- Buddhist Shamanism of the country. The
" Bonbo " are held in great scorn by the lamas

; but as

their charge for
"
beating the drum "

is exceptionally low,

they are readily invited to the houses of the common

people for religious services.
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Mr. Rockhill is of opinion that polyandrous marriages,

although frequently met with, are not by any means so

numerous in Tibet as we have hitherto been led to

suppose. Polyandry exists only in agricultural districts,

and he suggests that it is maintained there because the

tillable lands are of small extent, and every family feels

it to be important that the ancestral estate should not be

divided. This, however, as he himself points out, can

at best explain, not the origin of polyandry, but merely
the fact that the custom is still permitted to survive.

We may note that the illustrations are excellent, and

that two good maps make it easy for the reader to trace

the author's route.

SCIENCE AND BREWING.
A Text-book of the Science of Brewing. By E. R.

Moritz, Ph.D., and G. H. Morris, Ph.D. Based upon a

Course of Six Lectures delivered by E. R. Moritz at the

Finsbury Technical College. (London : E. and F. N.

Spon, 1891.)

BREWING
is an industry which, as a rule, does not

excite the interest in scientific minds that it de-

serves. The reason is difficult to explain, for there is

no industry which involves more problems of general
scientific moment, or makes more varied calls on the

different sciences. As an illustration—noting very briefly

a few points in the manufacture of beer—we have in

malting a study of the embryological development of the

barley plant, and the secretion and use by the growing
embryo of those curious enzymes which render both the

carbohydrate and proteid food of the endosperm avail-

able ;
in the mashing, or infusion of malt with water, we

meet with the action of the enzyme, diastase, upon starch

involving some of the most complex molecular changes
known ;

and in fermentation, produced both by the

Saccharomyces and Bacteria, we have all the interest-

ing difficulties connected with the morphology and

zymotic powers of these organisms. It is evident that any
technical scientific work on such subjects as those just men-

tioned, involves questions of the greatest general scientific

interest, and touches on points at the extreme limit of

our present knowledge ; consequently, it is not surprising
to find that science owes some most important advances

to scientific workers in the field of brewing. For

instance, our knowledge of the constitution of starch,

and the changes it undergoes during hydrolysis by the

action of acids and diastase, is almost entirely due to the

researches of C. O'Sullivan and of Horace Brown, both

connected with the industry of brewing.

Dealing, then, as the science of brewing does, with

some of the most complex problems known, investiga-

tions in this field of work carry with them more than

ordinary technical interest, and should excite more

general interest in the scientific aspect of the industry

than seems to be accorded to it at present. A perusal of

Drs. Moritz and Morris's
" Text-book of the Science of

Brewing" has induced us to make these remarks, for

contained in this work we find for the first time a lucid

and correct account of the important scientific prin-

ciples involved in the brewing industry, and the work

that has been done upon them. Although, of course,

mainly written for technical purposes, the authors have
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treated the whole of their subject in such a manner that

the book undoubtedly has a general scientific value beyond
the circle of those for whom it is mainly intended. We
are sure that anyone wishing to look up such subjects as

starch and its transformations, or fermentation, would do
well to consult this work, for, apart from the admirable

resumes of our present knowledge on such subjects, the

abundant references given, to the authors quoted, are

themselves of much value.

Hitherto there has been great want of a technical

guide to the scientific principles of brewing, nothing in

the least worthy of such a name having been published ;

and the unfortunate student of this subject has been

compelled to attempt the almost impossible task of col-

lecting his information from a literature scattered far

and wide, with no guide to teach him how to do it,

or how to select the good from the bad when it was
done. His difficulty is now over, we are pleased to say,

for in Drs. Moritz and Morris's work we find a technical

guide that ranks with the best of those written on any

subject, and we feel sure that it will assist in a marked

w^ay in spreading a more general knowledge of the real

principles of the brewing industry. One aim of the

authors has been, not only to lay before their readers the

present state of scientific knowledge with regard to brew-

ing, but also by their experience as brewers to draw

practical deductions from this knowledge. This part of

their subject they have approached in a very fair and

impartial spirit, and they have not hesitated to call

attention to those points on which knowledge is at

present too restricted to justify drawing deductions of

any value. Those who are acquainted with the qtiasi-

scientific writing that prevails in, some of the brewing
trade periodicals, will thoroughly appreciate this. We
trust that the appearance of Drs. Moritz and Morris's

work will raise the general tone of technical brewing

literature, an end much to be desired.

In attempting to write a text-book bringing the scien-

tific principles and the practice of brewing together, the

authors undertook a difficult task, and one that could

only be done by those who have a thorough grasp of

both branches of the subject. They have been most

successful in their effort, and we commend their work

to the notice of all students of brewing, and to all those

brewers who take a rational interest in their own busi-

ness ;
such cannot fail to derive much benefit from a

careful study of it.

A THEORY OF GRAVITATION.
Fresh Light on the Dynamic Action and Ponderosity oj

Matter. By
" Waterdale." (London: Chapman and

Hall, 1891).

THE original aim of this work was the discovery of

some reason, other than the hypothesis of attrac-

tion, to account for the gravitation of one body towards

another.

The writer thus takes up the subject of gravitation

where it was left by Newton two hundred years ago.

The "
Principia" concludes with these words—

" Rationem vero harum Gravitatis proprietatum ex

Phaenomenis nondum potui deducere, et Hypotheses
non fingo. Quicquid enim ex Phasnomenis non de-
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ducitur, Hypothesis vocanda est ; et Hypotheses, seu

Metaphysicas, seu Physicse, seu Qualitatum occultarutn
seu Mechanicas, in Philosophia Experinientali locum
non habent."

''

Adjicere jam liceret nonnulla de Spiritu quodam sub-
tilissimo corpora crassa pervadente, et in iisdem latente,

cujus vi et actionibus particulas corporum ad minimas
distantias se mutuo attrahunt, et contiguae factas cohaerent."
" Sed haec paucis exponi non possunt ; neque adest suffi-

ciens copia Experimentorum, quibus leges actionumhujus
Spiritus accurate determinari et monstrari debent."

Now the present work of " Waterdale "
is all Hypo-

thesis from beginning to end ;
and there is no careful

detailed experiment to be found described in the book, by
which the various Hypotheses brought forward by him
can be tested.

At a first glance the theory seems a revival of the

Cartesian Theory of Vortices, advanced in Newton's day
by Descartes to account for the motion of the celestial

bodies, and the difficulties attending this Theory are

pointed out by Newton in his
" Scholium Generale"—

"
Hypothesis Vorticum multis premitur difficultatibus.

Ut Planeta unusquisque radio ad Solem ducto areas de-
scribat tempori proportionates, tempora periodica partium
Vorticis deberent esse in duplicata ratione distantiarum
a Sole," &c.

This ancient theory is attributed by our author to F.

Major, in his recent work,
"
Spacial and Atomic Energy,"

Parts I. and II.
; but the author himself gives, as the

primary reason for gravity, the mutual shelter to opposite

wave-energy afforded by two spheres or bodies ; and now,
if

" Waterdale" is anxious to convert the scientific world,
he must utilize the quantitative theoretical results, worked
out by Lord Rayleigh, on the Apparent Attraction due
to Vibration.

The book abounds with curious unfamihar dynamical
expressions, such as real^ vested, iinposed, and specific

ponderosity,force of diversion, rectangular velocity, con-

centerifig preponderating energy,film of transplacement,

&c., of which no definitions are given ; and altogether
the treatment is unconventional in the extreme.

"
Waterdale "

concludes by asking that the question of

mechanicalperpetual motion should be reopened, and that

pure mathematics should be once more applied to the

subject
—

''Perpetual motion has already been granted to us.

By the burning of coal and evaporation of water we have
work performed for us by Nature. Perpetuate the pro-
cess, and the work is also perpetuated. We have many
ways of acquiring this gift from Nature's stores, and one
more possible method need not startle the human mind.''

This method of §^«<a:jz-scientific argument is familiar to

us, in the newspapers, in the account and explanation of

Spiritualistic Phenomena. A. G. G.

OUR BOOK SHELF.
Indischer Ozean : ein Atlas die Physikalischen Verhdlt-

nisse, und die Verkehrs-Strassen darstellend. (Ham-
burg : Deutsche Seewarte, 1891.)

These maps of meteorological and other physical data
for the Indian Ocean, while giving a very fair idea of the

prevailing conditions, are scarcely equal to the scientific

requirements of the present year of grace.
While it may be freely confessed that our knowledge
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of the area dealt with is yet very imperfect, and that the
scale of this handy atlas does not permit of great refine-

ments, there are many details to which exception may
fairly be taken. A few instances may be given.

In the map of general depth no indication is furnished
of the extreme sparseness of the soundings from which
the various coloured areas are drawn.
The current charts are depicted with a hardness and

regularity with regard to the different streams that are

scarcely consistent with nature. The ever-varying cir-

cumstances of the monsoons render the currents of this

ocean especially changeable, and it would be preferable
to indicate this characteristic by lines more broken. In
the sheet of the north-east monsoon period, the meeting
of the two main currents on the East African coast never
takes place so far south as is shown, nor is there any
justification for the peculiar direction of the line between
them to the eastward.

It is a bold thing to attempt to portion the sea into
areas of definite surface specific gravities. The data are

very scanty.
The pressure charts, which are given for the same

months as those published by the Meteorological Office,
and the map showing the relative prevalence of winds,
are good ;

but here again the absence of the data on
which the various quantities in different areas are
founded is a serious flaw.

The different maps are well got up, and bear further
witness to the general excellence of German lithography.

Mechatiics for Beginners. Part I. Dynamics and Statics,
By the Rev. J. B. Lock. (London : Macmillan and Co..

1891.)

Mr. Lock states that the work before us contains the
more elementary parts of the dynamics of a particle and
of the statics of parallel forces, arranged with some
additions from his "

Elementary Dynamics and Statics."
The author's mode of treatment will be familiar to many
of our readers, and we need hardly say that Mr. Lock
slurs over no difficulty that presents itself to the young
student of this difficult subject. We have read the whole
of the text with much interest, and pronounce it to be ex-
cellent. A boy who has gone through this, and worked out
the examples in the manner shown him by the author, will
be well equipped for more advanced treatises. A novehy,
to which Mr. Lock draws attention, is a new form of
" that proof of the formula of accelerated motion which
depends upon the idea of average velocity." This proof
appears to be a satisfactory one. There is an interesting
combination of Morin's and Atwood's machines, which is

likely to furnish a useful illustration to students. The work
is split up into eight sections—rectilinear motion, motion
in one plane, forces acting at a point, parallel forces,
machines, uniform motion in a circle, energy, and the

pendulum. The arrangement has been made to meet the

special wants of the Science and Art Department. It

is suited for any junior students. Article 16 appears to
us to be likely to be too difficult for a boy ;

if so, he can
pass on, and return to it subsequently. We have not
worked out the examples which accompany the several

chapters, and to which answers are given at the end. The
following errors we have noted : p. 1 7, 1. 8 up, dele a in
anT

; p. 19, 1. 5 up, the first 2 N's should be N'
; p. 20, last

line, for 252 read 162
; p. 52, 1. i, it would seem to follow

that " when one mass meets another mass of the same
velocity

"
they would not be said to irnpinge. What would

they be said to do 1 P. 67, the term resolute is defined,
reference might be made to p. 92 ; p. 68, 1. i, dele a

;

p. 72, 1. 8 up, for Q read H
; p. 94, 1. 7, for an = read + ;

p. 115, L 7 up, read \o-x; p. 139, 1. 2, for 4 read 3 ;

p. 205, last line, numerator, for cos a read sin a
; p. 208,

L 20, supply^ ; p. 246, 1. 8 up, for second^ read ^j. The
greater number of these errors are trifling, and will not
give the private student much trouble ; we have pointed
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them out because we know what a stumbling-block even

slight mistakes are to such students. Their reverence for

printed results is often wonderful. The utility of Mr.
Lock's" Higher Trigonometry

"
is greatly hindered by the

number of typographical blunders.

The Physical Geology and Geography of Irelatid. By
Edward Hull, F.R.S. Second Edition. (London:
Edward Stanford, 1891.)

The first edition of this book was reviewed in Nature
rather more than thirteen years ago (vol. xviii. p. 354).
Of the second edition, which will be welcomed by all

students of the subjects it deals with, we need only say
that Prof. Hull has embodied in it the additions which
have lately been made to our knowledge of the geo-
logical structure of Ireland. The more important of
these additions he sums up under the following heads :

—
(i) The determination of the occurrence of Archaean
rocks in certain districts of the west and north of Ireland.

(2) The determination of the peculiar relations subsisting
between the Lower Devonian (or Devono-Silurian) strata

and the Upper Old Red Sandstone and Carboniferous
series of the southern districts. (3) Additional evidence

regarding the relative ages of the trachytic and basaltic
lavas of Antrim. (4) Evidence of the invasion of Ulster

by a great ice-sheet from the Grampian Mountains
of Scotland during the earliest stage of the Glacial

period.

The Ouse. By A. J. Foster, M.A. (London : Society
for Promoting Christian Knowledge, 1891.)

In this little book the course of the Ouse is traced from
its source to the point where it enters the sea, and some
account is given of the various elements of interest that
are to be met with on the way. The idea is good, and
the author has worked it out skilfully. Any boys or girls
who may read the volume will find at the close that

they have obtained from it much sound geographical
knowledge.

LETTERS TO THE EDITOR. .

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of "^KVUKY..
No notice is taken of anonymous communications. \

A Difficulty in Weismannism.
In your number of October 29 (vol. xliv. p. 613), Prof.

Hartog depicts a dilemma in which a study of Weismann's
theories has placed him.

Prof. Hartog sums up the main points of Weismann's theories

in five theses, but, considering the great importance which the
latter attaches to the operation of natural selection, he might
well have added a sixth to the list.

There can be no doubt that, of the two hypotheses brought
forward in the letter, hypothesis B is the one adopted by
Weismann for the explanation of the problems of heredity.
We are therefore not concerned with hypothesis A.

"According to hypothesis B," Prof. Hartog states, "the

Ahnenplasmas of all Metazoa being similar and Protozoan, if

the numbers are equal and the shuffling fair, any two parents

may beget any offspring whatever
; , . . a lioness might be

expected to bring forth a lobster or a starfish, &c."
What does Prof. Hartog mean hyfair shuffling ? Surely not

such shuffling as is resorted to in the game of whist, but such

shuffling as he himself describes in thesis 4. He states here
that the "process is comparable to the shuffling of two packs of

cards by taking half from each and joining the talons or

remainders to form a new pack."
It surely cannot be imagined that Weismann ever intended to

assert that with each sexual act there was a rearrangement of
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the Ahnenplasmas comparable to the shuffling of a pack of cards

during the game of whist.

Did he anywhere asert this, we should naturally expect him
to believe ihat a lioness might as well bring forth human beings
or lobsters as notmal cubs.

With the evolution of sexuality, the excessively numerous

Ahnenplasmas of our variable Protozoan ancestors became

arranged in more and more complex, ever-varjmg combinations.

At the very outset, natural selection operated. The variations

(due to the combinations) most advantageous to the species were

perpetuated. Unfavourable variations mvolved extinction. It

is the special combination of the units of ancestral germ-plasm
which predetermines the structure of the mature individual.

This combination, of course, is very closely related to the two
combinations from which it arose, and it is just this closeness of

relationship which prevents us from supposing that a lioness

can ever produce anything but cubs. Changes in the com-
binations are only slowly cttected. The influence of the mother
is due to the fact that one-half of the maternal combination is

present in the offspring, and similar .>>tatements can of course be
made concerning the influences of father, grandfather, great-

grandfather, &c.
Do not these two considerations— (i) that the nature of the

individual depends upon the peculiar combination of units of

ancestral Protozoan germ-plasm, a combination very closely
related to two previous ones (owing to the fact that, in sexual

union, two halves of immediately preceding combinations are

united to make one whole) ; (2) that the operation of natural

selection provides for the extinction of useless, and \.\\t. pi-ese7-va-

tion of useful variations—afford to Prof. Hartog the means of

escaping from his dilemma? A. H. Trow.
Penarth, Cardiff, November 14.

The contributions of Mr. Trow and Dr. Poulton to this

discussion render necessary an explanation that should, perhaps,
have accompanied my first letter. After rough-drafting this, I

felt misgivings lest I might have misconceived "Weismann's

meaning, and set up a man of straw to knock down. Accordingly,
I \M0te to Prof. Weismann to ask if I rightly understood his

meaning, explaining my object in doing so
;
and he answered

my queries with great kindness, courtesy, and fulness. As I

wrote back to him, I then thought it better, relieved from my mis-

givings, to state the point without reference to his letter. But
Mr. Trow and Dr. Poulton have both blamed my use of the
word shuffling, and appear to think that my hypothesis A is a

purely imaginary conception of the straw man order. I hope,
therefore, 1 shall not be accused of having wilfully kept a trump
card up my sleeve if I now quote the two es.-ential passages of
Prof. Weismann's letter, which were written in definition of the

points at issue.
" Ich denke mir dass das Keimpiasma eines Individuum's aus

einer gewissen Zahlvon Einheiten besteht, welche untereinander
sehr iihnlich, aber nicht gleich sind. Die Unterschiede zwischen
ihnen entsprechen meist deu Unterschieden zwischen je zwei Indi-

viduen derselben Species. Jedes derselben wiirdeim Stande sein

ein Individuujn der Art hervorzubringenfalls es sich zu der dazu

ndthigen Masse vervidfdltigen konnte oder wiirde." The
sentence I have italicized corresponds, I think, very fairly to my
hypothesis A: "Each Ahnenplasma unit corresponds to an
individual of the species itself; and if put under suitable trophic
conditions would, singly, reproduce such an individual." Dr.
Poulton writes :

"
I agree with Prof. Hartog in considering it

[Hypothesis A] as valueless." I am far from considering any
hypothesis as valueless which upsets a wrong theory of which it

should be the mainstay.
Prof. Weismann goes on: "Sie konnen ganz wohl die

geschlechtlicheFortpflanzung mit dem Mischen eines Kartenspiels
vergleichen, aus dem immer die Hiilfte der Kaiten entfernt wird.
Nur ist nicht zu vergessen dass die Karten selbst nicht vollig
unveranderlich sind." It is obvious that Prif. Weismann
accepts the peculiar mode of shuffling I have described (not the

ordinary mode at whist), as a fair illustration of his conception
of fertilization and its antecedents. He always speaks of com-
binations m his

"
Essays," and not permutations. The reason is

obvious : the figured elements of the living nucleus are constantly

changing their relative position ; and it is these that are the

outward and visible sign of the mysterious ancestral units.
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Hence Dr. Poulton's very pretty kaleidoscope simile involves

'new suppositions, which are worse than gratuitous because they
involve throwing overboard the very facts on which the theory
was originally based. It is plain that Dr. Weismann goes very
much further in admitting the changeability of the ancestral

units than his disciples are willing to do ;
and I have shown that

hypothesis A involves the conclusion that these are indefinitely

changeable, not merely "not completely unchangeable," as Prof.

Weismann writes.

Another point for consideration is that we can hardly
doubt the monophyletic origin of Metazoa, and that, at

least excepting Ccelenterates and Sponges, they all originated
from some one primitive form. The Protozoan ancestors of

this form must have belonged to the same species with one

another, and their representative ancestral units cannot have
been more different than the members of a single species.

Htnce, without selection, the germ-plasm composed of a number
of these units associated together would give an average resultant,

so that the majority of individuals would be more similar than

the ancestral units of their germ-plasms, and amphigony would

produce uniform offspring on the whole. Divergence from

the average type could only occur by the duplication or further

repetition of single ancestral units of special character ; and
these variations would be the material for natural selection to

act upon. Thus, among words of eleven letters, such a word as

abracadabra, with its 5 a's, 2 //s, and 2 r's, would have a marked

divergence from the type as compared with groups in which no
letter occurred twice over. ^

If, then, natural selection goes on to

form a species according to Weismann's theory, it can only do
so by eliminating certain ancestral plasms and duplicating or

further repeating others to take their place. Once an ancestral

plasm eliminated in the formation of a race it can never be re-

introduced, or replaced by a new one. But as soon as we repeat
certain members of a group of limited number we reduce the

possible number of permutations or combinations that can be
formed from that group. Anyone with a fair head for the work,
anda Todhunter's "Algebra," can see for himselfhow very rapidly
the number of combinations is reduced in this way. Thus
natural selection could only result in arrangements of ever-

increasing simplicity and similarity instead of complexity and

divergence. The ultimate product would be a limited number
of well-marked species, whose individual members had lost all

power of variation. This I offer as an alternative to the variable

offspring of the lioness.

Mr. Trow is extremely anxious to show me a path out of my
dilemma. It presents no difficulty to those biologists who con-

sider the conception of a germ-plasm independent of the somato-

plasm as more or less mythical. For those who follow Weis-

mann, the way out of the difficulty will not lie through the

ascription to natural selection of powers which it cannot possibly
exert. Marcus H.vrtog.

Cork, November 28.

The Mexican Atlatl or Spear-Thrower.

The note in Nature of November 19 (p. 66) recording the

important discovery at Lake Patzcuaro, Mexico, of "a modern
atlatl (not altatl, as misprinted) well worn and old-looking,

accompanied with a gig for killing ducks," is very interesting.
It may not be out of place to call attention to an exhaustive

little memoir by Mrs. Zelia Nuttall on " The Atlatl or Spear-
Thrower of the Ancient Mexicans," published this summer in

the third number of the first volume of the "Ethnographical
and Ethnological Papers of the Peabody Museum

"
(Cambridge,

Mass., 1891). In this paper, which is illustrated with eighty

•figures of different kinds of atlatl, the author completely
establishes the existence and practical use in warfare of the

wooden spear-thrower or atlatl by the Mexicans at the time of

Ihe Spanish conquest, although some doubt had been expressed
in the matter by such well-known authorities as Prof. E. B.

Tylor and Mr. A. Bandelier, while Mr. H. H. Bancroft even

stated that
" he had not found any description of its form or

the manner of using it." Mrs. Nuttall, however, reproduces
numerous illustrations of the many varied forms of the atlatl

from different codices, accompanied by several descriptions of the

manner of hurling the weapon, cited from old Spanish writers.

Perhaps at this moment the most a propos is that from the

* The argument above was suggested to me by a chemical friend.
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ancient chronicles of Tezozomoc, who, in describing the drill of
the soldiers, relates "how their chiefs ordered them out in

canoes to practise throwing spears at flying ducks before engag-
ing the enemy in warfare." Mrs. Nuttall was enabled to trace,

by means of a careful study of a MS. edition of
"
Sahagun's

Historia," preserved in the National Library at Florence, the

complete evolution of the atlatl from the simple form used by the
native hunter to launch the harpoon with two or three barbs at the
fish or water-fowl of the lagoons. This had a cord attached to

retrieve the game.
" Minus the cord, the spear-thrower became

part of the necessary equipment of every soldier of a certain

grade," and was used with fatal effect, as Bernal Diaz most

distinctly states, in opposing the advance of the Spanish
adventurers. Elaborately decorated forms first became the
emblem of chieftainship, and ultimately symbolic of the Aztec

deities, and were borne aloft by the chief-priestly warrior and

representative of the gods in ceremonial processions. The
maximum of development was attained in the symbolic "blue
atlatl

"
or "blue serpents," inlaid with gold and richly decorated

with feather-work, described as
"

bishops' crosiers" by Cortes,
who sent specimens presented to him by Montezuma II. to the
Court of Spain. Some examples are still preserved in the

Ethnographical Museums of Berlin and Vienna, and in the
British Museum.

It was in the course of these researches that Mrs. Nuttall
made the important identification of the atlatl

"
as the hitherto

unrecognized weapon
"

grasped by the warriors sculptured on
the

"
so-called sacrificial stone of Mexico," and also by the

warriors depicted in Stephens's illustrations of the bas-reliefs

adorning the ruins at Chichen-ltza in Yucatan. The different

myths relating the invention or origin of the atlatl are col-

lected and explained, and the following very practical philo-
logical derivation of the name atlatl is offered by her as a

suggestion supported by a series of careful analyses :
—

" The Aztec word atlatl, or atlatli, is intimately connected
with the verb tla(;a

= to aim, to throw, or cast. From this verb
a whole series of words is formed, as tlatlacaliztli — the act of

throwing, &c. ; tlatlaxtli - the object thrown
; tlatl^ani —

thrower. The name atlacatl—a synthe.^is of dtl, water, tlacatl,
men—was applied to the fishermen, the original users of the
atlatl

; and it is suggested thai the word ailatl may primarily
have been a synthesis formed with the verbal noun tlatlacani —
thrower, and dtl, water, w hich would give the word atlatlacani,

meaning water-thrower, not an unfit name for the harpoon-
thrower of the watermen "

(p. 12).
This interpretation is certainly not weakened by the recent

discovery that the primitive form of atlatl is still in use in the
lake regions of Mexico. In other respects Mrs. Nuttall's

paper well repays perusal by all interested in Mexican anti-

quities.
A word with reference to Prof. Otis Mason's remark "

that

the problem now is to connect Alaska with Mexico." Given

hungry aboriginal man in the foreground, and fat wild ducks in

what artists term "the middle distance," it does not seem

wholly irrational to surujise that the atlatl, or spear-thrower,
was independently evolved in suitable environments. Does not
the average nineteenth-century boy still betray a strong innate

tendency to throw or sling stones at every bird he sees ? Perhaps
this is but accumulated inherited instinct, not yet eradicated by
civilization. It is at all events certain that the atlatl vis^s widely
used by the aboriginal inhabitants of the American continents,
as Prof. Max Uhle's researches testify abundantly.

Brighton, November 21. Agnes Crane.

The Chromosphere Line Angstrbm 6676'9.

With regard to Prof Young's observations as to the non-
coincidence of the bright chromosphere line (Nature, Novem-
ber 12, p. 28) with the corresponding dark line 6676*9 of

Angstrom's scale, it may be interesting to note that Profs.

Liveing and Dewar have observed a barium line at 6677, which
is therefore slightly less refrangible than the dark solar line.

In his catalogue Prof Young also gives a barium line at 6018 "O,

which is identified with Kirchhoff 933 "8. In the course of the

observations of sun-spot spectra taken at Stonyhurst with a

twelve- prism spectroscope, no dark solar line has been noted
in this position except in two uncertain instances over spots. It

would be an important fact should two barium lines be found in

the chromosphere without corresponding dark lines.
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In the period of maximum solar activity the bright line 6676 '9

was on several occasions seen in the spectroscope, while the

height of the chromosphere was being measured at Stonyhurst on
the C line of hydrogen. At these times C was always very

bright, and generally displaced in the prominences in which

6676 "9 was seen. The latter line was not seen in the observa-

tions taken between March 9, 1886, and September 10, 1891.

Although both Young and Thollon attribute the line to iron,
no iron line is given in this position by either Angstrom or the

catalogues of the British Association. Duner, quoted by Thollon,
considers tha line variable with the state of solar activity, but

Angstrom seems to have made an error in drawing it as a fine

thin line, as Kirchhoff, Burton, Fievez, Smyth, Thollon, and

Higgs give it as a strong dark line. Finally, Young, Burton, and
the Stonyhurst observers identify it with Kirchhoff's ray 654 '3,

and Thollon with 641, which latter is a calcium line. There

would, then, appear to be some differences of opinion with regard
to this important line (cf. Monthly Notices R.A.S., vol. li.,

No. I, p. 22.) A. L. CORTIE.
St. Beuno'.s College, St. Asaph, November 19.

Peculiar Eyes.

I LABOUR under the peculiar inconvenience of having a right

eye of normal power and a short-sighted left eye. The numerals
on the face of a clock | of an inch high are visible to the right

eye at 12 feet distant
;
but in order to discern them as clearly

with my left eye I require to bring that organ of vision as near
to the figures as 8 inches. On looking at my gold chain hang-
ing on my breast in daylight and with both eyes, the chain,
coloured yellow and towards the left, is perceived by the right

eye, while a steely blue chain, another, yet the same, is per-
ceived about an inch to the right and a little higher up. By
artificial light the same phenomenon presents itself, but the

difference of colour is not so apparent ; the yellow to the right
is only dimmer. Again, when a page of Nature is being read

with the short-sighted eye, there appears, about an inch to the

left, part of the same column, small, and the black, under
artificial light, like weak purple. The right-hand side of this

ghost-like column is lost to the right eye, being commingled with
the larger, darker letters seen by the short-sighted left, which
cover it like the more recent writing on a palimpsest. Middle
life was reached before the discovery was made. These ex-

periences must be gone through with intent, for objects generally

being perceived altogether with the right eye, all that the left

seems good for is to supply a little more light. The perception
of the difference of colour is as good with the one eye as the

other, and the short-sighted eye can read smaller type.
As the inferior animals, so far as I know, have no habit of

peeping or looking with one eye shut and the other open, it

occurred to me that this ability might be a limited one. I tried

the experiment with school children, and to my surprise found
that a few were quite unable to keep one eye shut and the other

open at the same time, and a few did it with an eifort, making
in all about a fourth of the number. Adults were likewise under
similar limits, but to a less extent. This may be the reason why
the discovery of inequality of vision, as Sir John Herschel

remarks, is often made late in life. Indeed, he mentions an

elderly person who made the unpleasant discovery that he was

altogether blind of an eye. JAS. Shaw.
Tynron, Dumfriesshire.

Zoological Regions.

The last number of the Archiv fiir Naturgeschithte, Ivii.,

which has just appeared, contains (pp. 277-291, pi. x.) an
article by Prof. Mobius, dealing with the zoological regions of

the earth, chiefly with a cartographical and "
museological

"

object, in which a set of regions is proposed differing in some

respects from that most generally in use. The number of land

regions is raised to twelve instead of the usual five or six, and
the marine world is likewise subdivided into a number of

regions. A part of what may appear innovations is in fact

nothing but a reversion to the zoological subdivisions of the

world proposed by Schmarda (" Geographische Verbreitung der

Thiere ") in 1853. It seems extraordinary that, although al-

luding to the works of the principal authorities who have dealt

with zoogeography since Schmarda, Prof. Mobius should
not have referred to that author otherwise than in a second-
hand quotation. For not only did Schmarda lay down the
basis on which zoological regions have since been elaborated,
but his attempt is, everything considered, in many respects
superior to that of his immediate successors in the same
field.

It will be seen, on comparing Schmarda's and Mobius's maps,
or the table annexed to this note, that several of the regions
independently proposed by these authors coincide in their

limits, the principal difference being that Schmarda divided
the world into a greater number of "Reiche," some of which
are merely amalgamated in Mobius's "Gebiete."

G. A. BOULENGER.

Schmarda, 1853.
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SOME NOTES ON THE FRANKFORT INTER-
NA TIONAL ELECTRICAL EXHIBITION}

VI.

The Frankfort Motor and the Lauffen Dynamo.

IN
all the motors described in Part V. the magnetism
of the stationary iron ring is being rapidly reversed,

while that of the moving interior varies at a rate which
is equal to only the difference between the speeds of the

rotatory magnetic field and the rotating central portion
of the motor. This difference is always comparatively
small in a well-designed multiphase motor, even when

loaded, and becomes practically nought for light loads.

Hence we may regard a multiphase motor as roughly one
in which the magnetism of the rotating iron interior re-

mains unchanged relatively to the iron itself, while that of

the stationary iron ring varies rapidly.

certain that the sinaller density of the lines offorce in the

stationary ring do not more than compensate for the in-

creased length of their path, a point to which we venture
to think Mr. Dobrowolski has not given sufficient atten-

tion when coming to this decis-on to turn the multiphase
motor inside out.

However, be that as it may, Fig. 32 shows the multi-

phase motor of 100 horse-power nominal, which the

considerations described in-this and the previous article

led Mr. Dobrowolski to construct for being worked at

Frankfort by a portion of the power generated at Lauffen

109 miles away.
To lead the currents coming along the mains to the

rotating interior of the motor, three rubbing contacts must
be employed ; indeed, six contacts become necessary if

we desire to be able to couple up the coils on the motor
in open or closed circuits (Figs. 20 and 24, pp. 56 and 57)—an arrangement provided for in the Frankfort motor

Fig. 32.
—The Frankfort 100 norse-power rotatory current motor.

Now whenever the magnetism of iron is being rapidly
reversed, there is loss of power ; the magnitude of the

loss, for a given rate of reversal and quality of iron, de-

pending on the intensity of the magnetization and the
mass of the iron acted on. And, as the length of the
lines of force in the outer stationary iron ring of the

multiphase motor is necessarily longer than in the interior

rotating portion, Mr. Dobrowolski concluded that less

power would be wasted if he inverted the functions of
the stationary and rotating parts, sending the multiphase
alternate currents round the interior rotating laminated
iron drum, and attaching the short-circuited conductors,
in which currents are induced by the rotating magnetic
field, to the i?tside of the stationary laminated iron ring, so

as to form a kind of short-circuited Siemens armature
turned inside out.

The preceding conclusion is undoubtedly correct if it be
' Concluded from p. 60.
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(Fig. 32). The great simplicity of the original Ferraris'

motor is thus abandoned, but, although this would be

disadvantageous in the case of small motors, where sim-

plicity and freedom from sparking are all-important, the

change is not so serious in a large motor, like that show^n
in Fig. 32, since high efficiency, and therefore small waste
of power, combined with relatively small first cost, are^the
main things to be aimed at in large motors.
Another reason why the application of rubbing con-

tacts to a large rotatory-field motor is less objectionable
than might at first sight appear arises from the fact that,
even if the motor were constructed in one of the original
forms shown in the preceding article, it would be necessary
to employ rubbing contacts for a totally different reason,
viz. to introduce resistance, at the moment of starting the

motor, into the circuits which carry the currents induced

by the rotating magnetic field. Whereas, if these currents
be induced in conductors attached to the stationary ring,



io6 NATURE [December 3, 1891

such a resistance can be introduced without extra rubbing
contacts; and it is for the purpose of introducing this

resistance into these stationary circuits that the three

wires, traihng on the ground in Fig. 32, are seen attached
to the conductors attached inside the stationary part of

the motor.
The necessity, at starting the motor, for increasing the

resistance of the conductors carrying the induced currents

will appear from the following consideration. When the

motor (Fig. 32) is running at full speed under a light

load, the interior part rotates at such a rate—relatively to

the frequency of alternation of the currents in the main
wires—that the magnetic field is practically stationary,

just as it is in an ordinary direct current motor. But at

into the circuits of the stationary conductors of his large
motors while the motor is getting up speed.
We have hitherto spoken of the conductors on the

rotating part as being wound on the outside of a laminated
iron drum, and those on the stationary part as being
wound on the inner surface of a laminated iron ring ; but,
as a matter of fact, in the large Frankfort motor both sets

are composed of copper rods, insulated in asbestos tubes,
and slipped into holes punched out of the iron close to the

periphery. This burying of the copper bars to a small

depth inside the iron has been adopted because it has
been found that the generation of Foucault currents in

the thick bars can in this way be more effectively prevented
than by following the method usually adopted with bar

Fig. 33.—The Lauffen three-phase alternate current dynamo and exciter.

the start, the interior laminated iron drum is only moving
slowly, while the currents flowing in the conductors at-

tached to it are alternating rapidly, hence the magnetic
field is rotating rapidly, and powerful currents are induced
in the stationary conductors, so powerful, in fact, as to

produce a magnetic field which seriously distorts that

produced by the main alternating currents. In fact, there

is the same antagonism of magnetic fields that occurs

with a direct current motor, if the armature field be very

powerful in comparison with that of the field magnet,
and if the lead of the brushes be adjusted so as to cause
the fields to oppose one another

; and it is to avoid this

result that M. Dobrowolski introduces a liquid resistance
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armatures, which consists in moulding each conductor out

of stranded copper wire with the various wires composing
the strand partially insulated from one another.

No tests have yet been published of the power and

efficiency of this machine, but the smoothness with which
it ran, pumping up water for the artificial waterfall in the

Frankfort Exhibition, and the absence of the roar audible

with some alternate current machines, and even of the

rhythmical hum noticeable with the best alternate current

motors, were very striking.

In the last article it was proved that if three harmonic

alternating currents of the same periodic time and maxi-

mum amplitude, but differing by 1 20° in phase, flowed in
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three wires, A, B, c (Figs. 20, 21, 22), each current was at

any moment algebraically equal to the sum of the other
two. To test, therefore, whether the currents flowing in

the three parallel wires between Lauffen and Frankfort
fulfilled this condition, we had merely to find out whether

any current was induced in a neighbouring telegraph
wire which was sufficiently far away as to be practically
at the same distance from each of the Lauffen- Frankfort
wires.

Between Frankfort and Hanau the power wires are

carried on one side of a broad railway, and for some
eight or nine miles the telegraph wires run on the other
side ; the telegraph wires for the remainder of the distance
between Frankfort and Hanau following quite a different

route. If one of these telegraph wires were put to earth
at Frankfort and at Hanau, and if a telephone were

placed in the circuit, a confused chattering of telegraph
instruments was always heard in this telephone, due to

induction from the telegraph lines on the same posts.
But during the hours that power was being transmitted

ways, leaving the field magnet in position, as seen in

Fig. 34. Each of the 32 flat-looking plates round the

circumference of the field-magnet is a magnetic pole,
the poles being alternately north and south. This result

is attained by constructing the field magnet in the in-

genious manner shown in Fig. 35, the coil which carries

the direct current to magnetize this field magnet being
wound in the circumferential channel seen in section in

Fig. 35-

The armature bars, 96 in number, are constructed of

copper rods 29 mm. in diameter, insulated in asbestos

tubes, and slipped through holes (parallel to the axis of

rotation) punched out of the lammated iron ring which

composes the armature core ;
this burying of the con-

FiG. 34.
— Field magnet of the Lauffen three-phase alternate current dynamo

through the wires on the other side of the broad railway
a rhythmical hum could be detected superimposed on the
confused babel of telegraph signals, proving that the
three alternate currents were either not truly sine cur-

rents, or that their phase difference was not accurately
1 20'.

To generate the three-phase current at Lauffen, the

extremely compact dynamo shown in Fig. 33 was de-

signed by Mr. Brown, and constructed at the Oerlikon

Works, near Zurich. The armature is wound with three
distinct circuits, each arranged to give 1400 amperes at

a potential difference of 50 volts, so that the dynamo can

develop 300 horse-power. To avoid, as far as possible,

rubbing contacts, the armature remains stationary and
the field magnet revolves

; while by the employment of

32 poles a frequency of 40 complete alternations per
second ran be obtained in each circuit when the field

magnet only makes 150 revolutions per minute.
For examining the interior, the armature, which forms

the outside shell of the machine, can be withdrawn side-
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Fig. 35.
—Section of the field ma^n^t of the LiufiTen dynamo.

ductors to a small depth in the iron being, as already ex-

plained in the case of the Dobrovvolski motor, for the

purpose of avoiding Foucault currents being induced in

the thick copper bars.

A portion of the three separate windings, aaaa, b b b b,

cc c c, on the armature is shown in Fig. 36, which repre-

_ sents a bit of the circumferential part laid out flat
; the

3 dotted rectangles indicate the poles, and to avoid con-
; fusion the armature bars, parallel to the length of the

poles, are drawn longer in proportion than they really
are.

In order that the electromotive forces induced in all the

up and down bars of any one of the windings a aa a \n

Fig. 36 should help one another, the distance between

Fig. 36.
— Portion of the armature-winding of the Lauffen three-phase

alternate current dynamo.

any up and the adjacent down conductor of the same

winding must be equal to the distance between two

adjacent poles
—that is, to 1/32 of the circumference of

the armature ;
and in order that the electromotive force

generated by the winding bbb b should differ in phase by
120° from the electromotive force generated in the wind-

ing aaaa, the distance between an up bar of the winding
aaaa and the following up bar of the winding bbbb
must be two-thirds of the distance between the centres of

two adjacent poles
—that is, must be 1/48 of the circum-

ference of the armature. Similarly, an up bar of the

winding cccc must be behind the preceding up bar of

the winding cccc by 1/48 of the circumference of the

armature.
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The exciting current is led into the field magnet by the

novel employment of the two endless metallic cords seen

to the left of Fig. 33, which saves the necessity of using
a standard to carrv contact brushes, and the smallness

of the power spent in exciting the field magnet, com-

pared with the power developed by the machine, is seen
from the dwarf-like character of the direct current exciting

dynamo in Figs. 33 and 34.^
This three-phase alternate current dynamo of Mr.

Brown's, on account of the simpHcity and solidity of its

design, the slow speed of its rotation, and the entire

absence of the experimental makeshifts which are sup-

posed to be characteristic of an electrician, but which are

in reality evidences of the rapid development of his

tools, appeals especially to the mechanical engineer.
It is therefore probable that the employment of so

well constructed a dynamo at Lauften, and so smoothly
running a motor at Frankfort, will bring home to the

mechanical engineer that he can now avail himself, for

the practical transmission of power, of that silent carrier

electricity
—a carrier which, while it can communicate

a great force almost instantaneously to a vast distance

through a thin wire, travels itself so leisurely that, in its

steady flow, it experiences no extra difSculty whether it

goes up hill or down dale, overhead or underground, in

a straight line or round a succession of sharp corners.

EXPERIMENTS IN AERODYNAMICS.'^

T^HE subject of this memoir is of especial interest at
-* the present time, when the skill of a distinguished

inventor is understood to be engaged in attacking the

many practical difficulties which lie in the way of arti-

ficial flight upon a large scale. For a long time the re-

sistance of fluids formed an unsatisfactory chapter in our
treatises on hydrodynamics. According to the early

suggestions of Newton, the resistances are (i) proportional
to the surfaces of the solid bodies acted upon, to the

densities of the fluids, and to the squaresof the velocities
;

while (2)
"
the direct impulse of a fluid on a plane surface

is to its absolute oblique impulse on the same surface as

the square of the radius to the square of the sine of the

angle of incidence." The author of the work^ from
which these words are quoted, in comparing the above
statements with the experimental results available in his

time (1822), remarks :
—

"(i) It is very consonant to ex-

periment that the resistances are proportional to the

squares of the velocities. ... (2) It appears from a com-

parison of all the experiments, that the impulses and
resistances are very nearly in the proportion of the
surfaces. ... (3) The resistances do by no means vary
in the duplicate ratio of the sines of the angle of in-

cidence." And he subsequently states that for small

angles the resistances are more nearly proportional to

the sines of incidence than to their squares.
It is probable that the law of velocity tended to support

in men's minds the law of the square of the sine. For, if

both be admitted, it follows that the resistance, normal to

the surface, experienceil by a plane when immersed in a
stream of fluid, depends only upon the component of the

velocity perpendicular to the surface. That the effect

should be independent of the component parallel to the

plane seems plausible, inasmuch as this component, if it

existed alone, would exercise no pressure ;
but that such

a view is entirely erroneous has been long recognized by
practical men, especially by those concerned in naviga-
tion.

From the law of the simple sine, enunciated by Robi-

son, it follows at once that the pressure upon a lamina

1 We are indebted to Industries and the Electrician for some of the
illustrations used in this article.

2 "
Experiments in Aerodynamics." By S. P. Langley. "Smithsonian

Contributions to Knowledge." (Washington, 1891.)
3
"
System of Mechanical Philosophy," by John Robison, vol. ii., 1822.

exposed perpendicularly to a stream may be increased to

any extent by imparting to the lamina a sufficiently high
velocity in its own plane. The immense importance of
this principle was clearly recognized by Mr. Wenham in

his valuable paper upon flight ;

^ and a few years later the
whole subject was discussed by the greatest authority
upon such matters, the late Mr. W. Froude, with
characteristic insight and lucidity.

^

The theoretical problem of determining the resistance
from the first principles of hydrodynamics is not free from

difficulty, even in the case of two dimensions, where a

long rectangular lamina is exposed obliquely to a stream
whose direction is perpendicular to the longer sides. The
formula '*

resulting from the theory of Kirchhoff, viz.

4 + •" sin a
pN\ (I)

where p is the density of the fluid, and V is the total

velocity of the stream flowing at the angle a with the

plane of the lamina, shows that when a is small the re-

sistance is nearly proportional to sin a. Moreover, (i)

agrees with the experiments of Vince."*

It will be seen that the laws of resistance were fairly
well established many years ago, at least in their main
outlines. Nevertheless, there was ample room for the

systematic and highly elaborate experiments recorded in

the memoir whose title stands at the head of this article.

Fig. I.

The work appears to have been executed with the skill

and thoroughness which would naturally be expected of

the author, and will doubtless prove of great service to

those engaged upon these matters. The scanty reference

to previous knowledge, which Prof. Langley holds out

some promise of extending in subsequent publications,
makes it rather difficult to pick out the points of greatest

novelty. The main problem is, of course, the law of

obliquity, and this is attacked with two distinct forms of

apparatus. The general character of the results, exhibited

graphically on p. 62, will be made apparent from the ac-

companying reproduction, in which are added a curve D,
'

Report of Aeronautical Society for 1866.
^ Proc. Inst. Civ. Eng., 1871 (discussion upon a paper by Sir F. KnowlesX
3 See Phil. Mag., December 1876. Also Basset's "Hydrodynamics,"

vol. i. p 131.
' Phil. Irans., I7q8.
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corresponding to (i), and E, representing the law of sin^a.

In each case the abscissa is the angle a, and the ordinate
is the normal pressure, expressed as a percentage of that ex-

perienced when a = 90^. Of Prof. Langley's curves, A re-

lates to a square plane 12 inches x 12 inches, B to a rect-

angle 6 X 24 inches, and C to a rectangle 30 x 4*8 inches,
the leading edge (perpendicular to the stream) being in each
case specified first, so that the theoretical curve D cor-

responds most nearly to C. It will be seen at a glance
that at small angles the pressure is enormously greater
than according to the law of sin- a. The differences
between A, B, C, anticipated in a general manner by
Wenham and Froude, are of great interest. They
demonstrate that in proportion to area a long narrow
wing is more efficient as a support than a short wide one,
and that in a very marked degree.
Up to a certain point there is no difficulty in giving a

theoretical account of these features. When a rectangular
lamina is exposed perpendicularly, there is one point, i.e.

the centre, at which the velocity of the stream is annulled.
At this point the pressure attains the full amount, ipV^,
due to the velocity of the stream, while at every other

point the pressure is less, and falls to zero at the

boundary. If the lamina is sloped to the stream, as in
B and C, there is still a median plane of symmetry ; and
at one point in this plane, but now in advance of the

centre, the full pressure is experienced. In strictness,
there is only one point of maximum pressure, whatever
may be the proportions of the lamina. But if the rectangle
be very elongated, there is practically a great difference
in this respect according to the manner of presentation,
although the small angle a be preserved unchanged. For
when the long edges are perpendiculw to the stream (C),
the motion is nearly in two dimensions, and the region
of nearly maximum pressure extends over most of the

length. But the case is obviously quite different when
it is the short dimension that is perpendicular to the

stream, for then along the greater part of the length there
is rapid flow, and consequently small pressure.

It will naturally be asked whether any explanation can
be offered of the divergence of C from the theoretical
curve D. This is a point well worthy of further experi-
ment. It seems probable that the cause lies in the
suction operative, as the result of friction, at the back of
the lamina. That the suction is a reality may be proved
without much difficulty by using a hollow lamina, AB
(Fig- 2), whose interior is connected with a manometer.

Fig. 2.

If there be a small perforation at any point C, the mano-
rneter indicates the pressure, positive or negative, exer-
cised at this point, when the apparatus is exposed to a
blast of air.

When once the law of obhquities is known, the problem
of aerial maintenance presents no further theoretical

difficulty. It was successfully treated many years ago by
Penaud,^ and somewhat later by Froude, whose interest-

ing letters, written shortly before his death, have recently
been published.- In perhaps the simplest form of the

' See Report of Aeronautical Society for 1876.^
Edinburgh Proceedings, R. E. Froude, 1891.

question the level is supposed to be maintained with the

aid, e.g., of screw propulsion, the necessary maintenance

being secured by an aeroplane slightly tilted (a) upwards
in front. The work required to be expended in order to

maintain a given weight depends upon the area of plane,
the inclination, and the speed. Penaud's results show
that, ifskinfriction could he neglected, the necessary work
might be diminished indefinitely, even with a given area
of wing. For this purpose, it would only be necessary to
increase the speed and correspondingly to diminish a.

But when skin friction is taken into account, the work
can only be reduced to a minimum, and to do this with
with a given area of wing requires a definite (large)

velocity, and a definite (small) inclination. The accurate
determination of the tangential, as well as of the normal,
force experienced by an inclined plane is thus of essential

importance in the question of flight.
The work of Penaud seems to be so little known that

it has been thought desirable to recapitulate some of his
theoretical conclusions. But we owe to Penaud not

merely sound theory, but the actual construction of a
successful flying machine, in which horizontal flight is

maintained by a screw propeller. In these models the

energy is stored by means of stretched india-rubber, a
method available only upon a small scale. It is probable
that the principle of the rocket might be employed with

advantage ; and even upon a large scale the abolition of
all machinery would allow of considerable extravagance
in the use of explosive material. This method is espe-
cially adapted to the very high speeds which on other

grounds are most suitable.

In the chapter on " The Plane Dropper," some striking
experiments are described, illustrating the effect of a for-

ward movement in retarding the fall of a horizontal plane.
Prof. Langley seems hardly to recognize that there is

nothing really distinctive in this arrangement when he
says :

—
"It is, of course, an entirely familiar observation that

we can support an inclined plane by moving it laterally,

deriving our support in this case from the upward com-
ponent of pressure derived from the wind of advance

;

but, so far as I am aware, this problem of the velocity of
fall of a horizontal plane moving horizontally in the air
has never been worked out theoretically or determined
experimentally, and I believe that the experimental in-

vestigation whose results I am now to present is new."
But, apart from the complications which attend the

establishment of a uniform regime, there is no essential
difference between the two cases. The hydrodynamical
forces depend only upon the magnitude of the relative

velocity and upon the inclination of this relative velocity
to the plane. All else is a question merely of ordinary
elementary mechanics.

It is interesting to note that Prof. Langley's ex-

perience has led him to take a favourable view of the

practicability of flight upon a large scale Such was also
the opinion of Penaud, who (in 1876) expresses his
conviction "that, in the future more or less distant,
science will construct a light motor that will enable us to
solve the problem of aviation." But sufficient maintain-

ing power is not the only requisite ; and it is probable
that difficulties connected with stability, and with safe

alighting at the termination of the adventure, will exercise
to the utmost the skill of our inventors.

Rayleigh.
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PRELIMINARY NOTICE OF A NEW
BRANCHIA TE OLIGOCH^TE.

nPHE term "Annelides abranches sdtig^res," applied
-*•

by Cuvier to the group which included the ter-
restrial and fresh-water Annelids, now known as the
Oligochaeta, is no longer applicable to that group.
Several Oligochaeta have been described as possessing
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gills, which, though for the most part dififering in struc-

ture from the gills of the Polychaeta, must be branchial in

function. The most remarkable instance hitherto known
is Alma nilotica, lately redescribed by Levinsen {Vidensk.
Meddel naturh. For. Kjobnhaim., 1889) under the name
of Digitibranchiis niloticus. The posterior segments of

this Annelid possess four to five branchial processes on
each side of the dorsal middle line of the body. It can-

not yet be regarded as an absolute certainty that this

species belongs to the Oligochaeta at all
;
but in any case

processes of the body-wall, containing each a capillary

loop, and therefore probably branchial in function, have
been recently described by Prof. A. G. Bourne {Quart.

Journ. Micr. Set., vol. xxxi.) in a new genus of Naids—
ChcBtobranchus. These processes, though doubtless

branchial in function, are rather suggestive of the para-

podia of marine Annelids, since they inclose, partially or

entirely, the dorsal setse. I have lately had the oppor-

tunity of examining this Annelid, through the kindness
of Mr. Sowerby. The " Victoria regia tank "

at the

Botanical Society's Gardens, which produced the cele-

brated "Fresh-water Medusa" and other remarkable

forms, furnished me with Chcetobranchus, and with a new
and interesting form of branchiate Oligochaete, which I

propose to call Bra7tchiura Soiverbii.

In its general aspect this worm recalls a Tubifex ; the

setae, in their shape, and in their arrangement, resemble
those of Tubifex. But here the resemblance ends. The
last sixty segments or so of the body (there are from 130-
170 segments altogether) are provided with a paired
series of long tentacle like processes

—a pair to each seg-
ment—lying the middle ventral and dorsal lines

;
towards

the middle of the series these processes exceed in length
the diameter of the body ; anteriorly and posteriorly they
diminish, and finally become mere wart-like protuber-
ances. The processes in question are supplied with

blood from the main vascular trunks. They are in con-

tinual movement, each branchia moving quite independ-
ently by means of the contraction of simple muscular
fibres. The writhing movements, as well as the structure

of these organs, is much like that of the tentacles and cirri

of certain Polychaeta. Apart from the individual con-
tractions of these branchiae, the tail end of the worm
perpetually jerks from side to side, particularly when the

creature is in any way disturbed. I do not know whether
the worm usually rests in the mud with the tail protruding
and waving about, like many other aquatic Oligochaeta ;

but it is probable, from the limitation of the branchiae to

the tail end, that it does. I found three specimens,
which were slowly crawling about.

Frank E. Beddard.

THE ANNIVERSARY OF THE ROYAL
SOCIETY.

A/r ONDAY being St. Andrew's Day, the anniversary
•^*-*-

meeting of the Royal Society was held in their

apartments in Burlington House. The report of the
auditors of the Treasurer's accounts having been read, and
the Secretary having read the list of those Fellows who
have been elected and those who have died since the
last anniversary, the President, Sir William Thomson,
delivered the anniversary address. After an account
of the scientific work of those Fellows who had died
within the year, the President proceeded :

—
' ' The Royal Society, since the last anniversary meeting, has

been, as always, active both in the proceedings of its

ordinary meetings, which have been full of scientific interest,

and in the conduct of the important affairs committed to its

Coimcil. During the past year nineteen memoirs have been

published in the Philosophical Transactions, containing a
total of 1020 pages and 60 plates. Of the Proceedings, six

numbers have been issued, containing 893 pages. Of the large
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number of papers which have been published in the Pro-

ceedings two-thirds are on the physics and dynamics of dead
matter and one- third on biological subjects." As stated by Sir George Stokes in his Presidential Address at

the last anniversary meeting, a revision of the whole body of
the Statutes of the Royal Society had been entered upon, a
Committee had recently reported to the Council, and its report
had been left to the new Council then entering on office to take
such action in the matter as might be judged proper. The
Council now concluding its term of office has accordingly given
much time to the subject, and has completed the work of re-

enacting the Statutes with such amendments as have seemed
desirahle. The only questions upon which there was effective

difference of opinion were those connected with the election of

Fellows, which were referred to by Sir George Stokes as having
elicited considerable difference of opinion in the reporting
Committee. The Council, after much anxious consideration,
resolved to make no change of the existing Statutes in this

respect." There have been no changes during the past session in the

constitution of the staff employed in the Offices and Library ;.

but in the Catalogue Department, two lady assistants and two

copyists have been engaged to work under the superintendence
of Miss Chambers, who succeeded in July of last year to the

post rendered vacant by the death of the late Mr. Holt, and
who continues to give every satisfaction in the discharge of her
duties.

" In January of the present year a communication was received

from our Fellow, Prof. G. S. Brady, intimating that his brother,
the late Mr. Henry Bowman Brady, whose decease I have

already mentioned, had bequeathed to the Society all his books
and papers relating to the Protozoa, with the recommendation
that they should be kept together as a distinct collection. In

case this recommendation should be adopted, a further bequest
of ;i^300 was made, the interest or principal or both to be

applied, at the discretion of the Council, to the purchase of

works on the same or kindred subjects, to be added to the

collection. The Council have accepted both these bequests,
and a case marked with an engraved plate has been set aside in

the Library for the accommodation of the Brady collection.

"His Excellency Robert Halliday Gunning, M.D., LL.D.,
F.R. S. E. ,

who in 1887 founded certain scholarships and prizes for

the promotion of original scientific work and proficiency in

scientific education in connection with the Royal Society of

Edinburgh, the University of Edinburgh, and other institutions

in that city, called the Victoria Jubilee Prizes, desires to institute

foundations of a similar kind in London. He has accordingly

given to the Royal Society a sum of ;^iooo, to be ultimately
invested in such manner as the President and Council, in their

absolute and uncontrolled discretion, may think fit, and to be

held in trust always for the purpose of forming a fund the annual

income of which shall be applied triennially towards the pro-
motion of physical science and biology in such manner as to the

President and Council of the Royal Society may appear most

desirable. The President and Council, for the time being, are

given full power to make such rules and regulations as they
think fit with regard to the application of the income of the

fund, which shall always be kept distinct from and not in any
way immixed with the general funds of the Royal Society.

" A very important resolution for the advancement of natural

knowledge has been adopted during the past year by the Royal
Commi-sioners of the Exhibition of 185 1, in the institution of

the Exhibition Science Scholarships, to which, after the first

year, an expenditure to the extent of ^5000 a year is to be

devoted. Sixteen appointments have already been made to

scholar.'ihips of ;^i5o, to be held for two years, with po-sible
renewal for a third year. The Commissioners require of each

candidate for an appointment satisfactory evidence of proficiency
in a three years' course of University or high class College

study, and of capacity for experimental work. To the tenure of

each scholarship the duty is assigned of advancing science by

experimental work in physics, mechanics, chemistry, or any

application of science tending to benefit our national industries.
" A Committee of the British Association, appointed for the

purpose of reporting on the best means of comparing and re-

ducing observations on terrestrial magnetism, has strongly
recommended the re-establishment of a magnetic Observatory at

the Cape of Good Hope. A conference on the subject was held

between the Committee and Dr. Gill, the Astronomer-Royal of

the Cape of Good Hope, last June, during his recent visit to
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England, which has resulted in an application to the Admiralty
to carry this recommendation into practical effect in connection

with the astronomical Observatory of the Cape of Good Hope
(belonging to the Admiralty). This application is at present
under the consideration of the Admiralty.
"A fundamental investigation in astronomy, of great im-

portance in respect to the primary observational work of astro-

nomical Observatories, and of exceeding interest in connection

with tidal, meteorological, and geological observations and

speculations, has been definitively entered upon during the past

year, and has already given substantial results of a most pro-

mising character. The International Geodetic Union, at its

last meeting in the autumn of 1890, on the motion of Prof.

Foerster, of Berlin, resolved to send an astronomical expedition
to Honolulu, which is within 9° of the opposite meridian to

Berlin (171° west from Berlin), for the purpose of making a

twelve months' series of observations on latitude corresponding
to twelve months' analogous observations to be made in the

Royal Observatory, Berlin. Accordingly, Dr. Marcuse went
from Berlin, and, along with Mr. Preston, sent by the Coast
and Geodetic Survey Department of the United States, began
making latitude observations in Honolulu about the beginning
of June. In a letter from Prof. Foerster, received a few weeks

ago, he tells me that he has already received from Honolulu a

first instalment of several hundred determinations of latitude,
made during a first three months of the proposed year of obser-

vations ; and that, in comparing these results with the cor-

responding results of the Berlin Observatory, he finds beyond
doubt that in these three months the latitude increased in Berlin

by one-third of a second, and decreased in Honolulu by almost

exactly the same amount. Thus, we have decisive demonstra-
tion that motion, relatively to the earth, of the earth's instan-

taneous axis of rotation is the cause of variations of latitude

which had been observed in Berlin, Greenwich, and other great

Observatories, and which could not be wholly attributed to errors

of observation. This, Prof. Foer^er remarks, gives observa-

tional proof of a dynamical conclusion contained in my Pre-

sidential Address to Section A of the British Association at

Glasgow, in 1876, to the effect that irregular movements of
the earth's axis to the extent of half a second may be produced
by the temporary changes of sea-level due to meteorological
causes.

"It is proposed that four permanent stations for regular and
continued observations of latitude, at places of approximately
equal latitude, and on meridians approximately 90° apart,
should be established under the auspices of the International

Geodetic Union. The reason for this is that a change in

the instantaneous axis of rotation in the direction perpendi-
cular to the meridian of any one place would not alter its latitude,
but would alter the latitude of a place 90° from it in longitude

by an amount equal to the angular change of the position
of the axis. Thus two stations in meridians differing by 90°
would theoretically suffice, by observations of latitude, to deter-

mine the changes in the position of the instantaneous axis ; but
differential results, such as those already obtained between
Berlin and Honolulu, differing by approximately 180° in longi-
tude, are necessary for eliminating errors of observation

sufficiently to give satisfactory and useful results. It is to be

hoped that England, and all other great nations in which science

is cultivated, will co-operate with the International Geodetic
Union in this important work."
The celebration of the hundredth anniversary of the birth

of Faraday, recorded in our columns at the time, was next re-

ferred to.
" A matter of great importance in respect to the health of the

community was submitted to the Royal Society by the London
County Council, in a letter of date May i, 1891, asking for

information and suggesting investigation regarding the vitality
of microscopic pathogenic organisms in large bodies of water,
such as rivers which are sources of water-supply and which are

exposed to contamination. After some correspondence, it was
agreed, between the County Council and the Council of the

Royal Society, to enter upon an investigation, the expense
of which was to be defrayed partly by the London County
Council and partly by the Royal Society out of the

Government Grant for Scientific Research. When we
consider how much of disease and death is due to con-

taminated water, we must feel that it is scarcely possible
to over-estimate the vital importance of the proposed investi-

gation. Let us hope that the alliance between the London
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County Council and the Royal Society, for this great work, may
be successful in bringing out practically useful results.

Prof, Slanislao Cannizzaro [^Copley Medal).
" Stanislao Cannizzaro, Senator of Italy, and Professor of

Chemistry in the University of Rome, has rendered invaluable ser-

vice to the philosophy of modern chemical science. The work of

Avogadro, in 1811, and afterwards that of Ampere, had already
thrown much light on the relative weights of the molecules of

elementary bodies, and on the proportion in which those weights
enter into chemical combination. But it is to Cannizzaro that

we owe the completion of what they had left unfinished

He pointed out the all-important difference, hitherto overlooked,

between molecular and atomic weights, and showed (i) how
the atomic weights of the elements contained in a volatile com-

pound can be deduced from the molecular weights of such

compounds ; (2) how the atomic weights of the elements the

vapour-densities of whose compounds were unknown can be

ascertained by help of their specific heats. By these investiga-

tions the series of atomic weights of the elements, the most

important of all chemical constants, and the relation which these

weights bear to the molecular weights of the elements, have

been placed on the firm basis on which they have ever since

rested. It is to Cannizzaro that science is indebted for this

fundamental discovery, and it is this which it is proposed to

recognize by the award of the Copley Medal.

Prof. Charles Lafnvorth, F.R.S. {Royal Medal).

"Prof. Lapworth is the author ofsome of the most original and

suggestive papers which have appeared in the geological literature

of this country for the last twenty years. Special reference may
be made to his researches on graptolites, and to his patient in-

vestigation by these means of the exceedingly complicated struc-

ture of the Silurian uplands of the south of Scotland. He has

been able not only to supply the key which has given the solution

of the stratigraphical ditificulties of that region, but also to

furnish theoretical geology with an array of new facts from which

to philosophize as to the mechanism of mountain-making. Of
not less importance are his detailed studies of the structure of

the North-west Highlands, and his demonstration of the true

order of stratigraphical sequence in that region of complex dis-

turbance. As a stratigraphist he has attained the highest rank,

and he has likewise made himself a chief palseontological

authority on the structure and distribution of the Graptolitidae.
For some years past he has been engaged in a laborious study of

the Silurian and Cambrian rocks of the middle of England, the

detailed publication of which is awaited with much interest by
geologists.

Prof.RUcker, F.R.S. {Royal Medal).
" In conjunction with Prof. Reinold, Prof. Riicker carried out

an important series of researches (extending over ten years) on
the electric resistance and other physical properties of liquid

films, in the course of which the fact was established that the

black part of a soap film in equilibrium has a uniform or nearly
uniform thickness of 11 or 12 micromillimetres, and that there is

an abrupt augmentation across its border to a thickness of about

30 or 40 micromillimetres in passing to the coloured portions.

This, considered in connection with the well-known sudden

opening out of the little black areas in an ordinary soap-bubble,

proves a minimum of surface-tension for some thickness between
10 and 50 micromillimetres, which in the ordinary soap-bubble,
unmodified by Reinold and Riicker's electric current, is tem-

porarily balanced in virtue of the abrupt change of thickness, a

proposition of fundamental importance in the molecular theory,

implying the existence of molecular heterogeneousness.
" In theoretical calculations connected with the compounding

of dynamos and motors to produce constant potential difference,

constant current, or constant speed, electricians did not see their

way to obtain results of a sufficiently simple character to be of

use in practice, if they employed a function of the current which

fairly represented the magnetism. They were, therefore, com-

pelled to assume in such calculations that the magnetism was a

linear function of the current, although it was well known that

this was very far from being true when the current was large.
Prof. Riicker, however, developed a simple method of attacking
such problems, and showed how the magnetic saturation of the

iron might be taken into account, and a comprehensive solution

of the general problem of compounding dynamos and motors
obtained in a workable form. Prof. Riicker's paper containing
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his investigation, and which will be found in the Proceedings of

the Physical Society, is a most valuable contribution to the

theory of direct-current dynamos and motors.

"Prof. Riicker has, with the co-operation of Prof. Thorpe,
completed a magnetic survey of the British Isles (1884-89),
which, independently of its great value in investigations of the

distribution of the earth's magnetism, and the changes to which
it is subject, is specially remarkable for the exhaustive discussion

of the observations in reference to regions of local magnetic
disturbance, and their relation to the geological constitution of

the earth's crust in the neighbourhood. Prof. Riicker has
followed up this discussion by a paper on ' The Relation
between the Magnetic Permeability of Rocks and Regional
Magnetic Disturbances,' read before the Royal Society. The
high estimate that has been formed of the value of this mag-
netic survey is perhaps most easily appreciated from the very
large sums that the Government Grant Committee have recom-
mended should be contributed to aid in the completion of this

work of international importance.

Prof. Victor Meyer {Davy Medal).

"Prof Victor Meyer, formerly the successor of Wohler at

Gottingen, and who now occupies the chair of Bunsen at

Heidelberg, is eminent as an original worker and discoverer in

almost every branch of chemical science. His methods of

determining the vapour-densities of substances have been of the

greatest service to chemists, not only as convenient and generally
applicable modes of ascertaining atomic and molecular weights,
but also as serving to throw light on the molecular con-
stitution of elements and compounds under i.varying conditions
of temperature and pressure. A striking example of the value
of these methods is seen in their application by their author to

the study of the molecular dissociation of the element iodine—
one of the most masterly investigations of recent years, and
which is universally recognized as of the very highest signifi-
cance and importance. Not less noteworthy are Victor Meyer's,
services to organic chemistry. His work on the nitroso-bodies,
and his brilliant discovery of thiophene, the initial member of a
class of substances hitherto unknown, his subsequent synthetical
formation of it, and the remarkable series of researches on its

derivatives, in part carried out with the aid of his pupils, stamp
him as an investigator of exceptional power and distinction."

The Society next proceeded to elect the Officers and
Council for the ensuing year. The following is a list

of those elected :
—President : Sir William Thomson.

Treasurer : John Evans. Secretaries : Prof. Michael

Foster, The Lord Rayleigh. Foreign Secretary : Sir
Archibald Geikie. Other Members of the Council :

Captain William de Wiveleslie Abney, William Thomas
Blanford, Prof. Alexander Crum Brown, Prof. George
Carey Foster, James Whilbread Lee Glaisher, Frederick
Ducane Godman, John Hopkinson, Prof. George Downing
Liveing, Prof. Joseph Norman Lockyer, Prof. Arthur
Milnes Marshall, Philip Henry Pye-Smith, William
Chandler Roberts-Austen, Prof. Edward Albert Schafer,
Sir George Gabriel Stokes, Bart., Prof, Sydney Howard
Vines, General James Thomas Walker.

In the evening the Fellows and their friends dined

together at the Whitehall Rooms, Hotel Mdtropole. The
company numbered over 230. The chair was occupied
by the President.

After the loyal toasts, Dr. John Evans proposed
" Her

Majesty's Ministers and the Members of the Legislature,"
a toast to which Sir J. Fergusson responded.

In response to
" The Royal Society," proposed by Mr.

Forwood, M.P. (who referred to the fact that Sir William
Thomson's discoveries " had rendered it possible to steer
vessels on our fog-bound coast with an accuracy never
before attained to "), the President said that the Royal
Society had always been distinguished for the promotion
of investigations leading to such results as Mr. Forwood
had named. In illustrating this, he spoke of the history
of the construction of the sextant and the development
of the dynamical theory of the trade winds. A curious
interest attached to some of the earlier Transactions of
the Society, such as a paper which attributed the trade
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winds to the breathing of a certain plant, which turned
to the sun and blew its breath after it. The earlier pages
of the Transactions were full of chronometers and of the
work leading up to the invention which gained the reward
of ^10,000. Excellent work was done with the grant of

^4000 administered by this and allied Societies ; and he
believed its future achievements would at least equal
those of the past. The next fifty years would probably
produce, in the science of dead matter, and in the science
of living matter too, discoveries compared with which
those of the last 300 years would ultimately appear to be
small indeed.

The President proposed the health of " The Medal-

lists," and spoke in eulogistic terms of the services in

respect of which the medals had been awarded.
The Italian Ambassador briefly responded in the name

of Prof. Stanislao Cannizzaro.
Prof. Riicker, in responding for the other medallists,,

said :
—

Islanders as we were, the Royal Society prided itself on the
fact that some of its medals could be awarded to distinguished
scientific workers outside these islands. This year no less than
four foreign Fellowships and two medals testified to our respect
and esteem for colleagues abroad. We respected them for many
things

—for the thoroughness with which they grasped all that

the scientific movement meant and involved
;
for the foresight

and courage with which—beginning at the beginning
—

they had

provided for their students laboratories and workshops such as

no English lad could enter at home. We respected them for

the sound educational methods which had led them to use these

appliances, so as to point the student to the research laboratory
rather than to the examination room as the goal of his ambition.

We respected them because these methods have produced their

natural results, and year by year a crop of new scientific facts

was reaped not only from the laboratories of their Colleges, but

from the workshops of their manufacturers. We respected and
esteemed most of all the men who had thus led or who were thus

leading their countrymen aright
— veterans, such as Cannizzaro,

who, amid the turmoil in which the foundations of modern
Italy were laid, found time to lay the foundations of

chemistry anew ; investigators, such as Victor Meyer, who,
when Bunsen retired from the laboratory where so many
English chemists learnt or perfected their art, was judged
by all to be a worthy successor to Bunsen himself. While

fully admitting that we had something to learn from the
work and methods of our foreign colleagues, we might claim
that our progress had lately quickened where at one time we
notoriously lagged behind. In the multiplication of centres of

scientific work, Scotland was formerly the only part of these

islands which compared with Germany. This was no longer so.

Every large town in England and Wales and the chief towns of
Ireland had now University Colleges. Their scale was modest
indeed when compared with what a paternal Government was

providing for Strasburg, or a democracy for Ziirich ;
but they

were full of intellectual energy and of scientific work. Hardly
a month passed without the publication of papers on researches

conducted in the laboratories of some of them. Almost every
year they were represented in the list of Fellows newly elected

into the Society. Out of the last eight recipients of the Royal
Medals, five had, either as learners or as teachers, or, in turn,
in both capacities, spent many years within the walls of one or
other of our provincial Colleges. But he must not be understood
as claiming for English science only that it was making good
confessed educational deficiencies. There were sciences which,
either in their origin or their development, were peculiarly our
own. One of these was geology. Crowded up between our four

seas was an epitome of the past history of the world such as he
believed no other country possessed in an equally small area.

Thus geologists were a natural product of our soil. But
there was one particular in which he thought the President, more
than most, would appreciate Prof. Lapworth's audacity and suc-

cess. Though a Southerner, he had made a foray into Scotland,
and had returned laden with spoil. It was true that he, too,
had crossed the border, and he deeply regretted that he must
confess that his track was marked by disturbances : but speaking
for Prof Lapworth and on his behalf—though without consult-

ing him—he must admit that his offences were venial and that he
was most to blame. He turned the most fundamental institution
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of Scotland—its geological strata—upside down. There were

only two ways of meeting an invader or an innovator such as

this—with steel or with gold. They must confute him with the

pen or reward him with a medal. The Council had chosen the

better part of valour, and he was sure the Society did not

question their discretion. With regard to himself, there was one
remark that he must make. In some of the principal researches
in which he had been engaged he had worked with colleagues.
While, therefore, thanking the Society for the honour they ^had
been pleased to confer upon him, he was, perhaps, not wrong in

thinking that Dr. Thorpe and Frof. Reinold, who had received

many marks of appreciation from the Royal, the Physical, and
the Chemical Societies, were receiving further, though less

direct, recognition from the Royal Society to-day. Apart from
all minor questions, the distinguishing characteristic of this

meeting was the bringing together of men who were working at

different branches of science. These gatherings, and those

which in the summer take place during the meetings of

the British Association, were, he thought, good for all of

them. They checked that scientific particularism which in

the cultivation of a subject of study ignored the culture of
the student. They reminded them that they were all co-

operating to one common end—the promotion of natural know-

ledge. The very speech that he was making bore testimony to

this fact, for were it otherwise the President would not have
called upon an Englishman to reply for our absent foreign
medallists, or a physicist to return thanks for honours bestowed
on experts in geology and chemistry. It was only because he
himself believed that there was between scientific men a simi-

larity of aim and object, and a community of ideas,'which under-

lay all superficial differences, that he ventured to undertake the

task of expressing the thanks in which, he was sure, one and all

of the medallists most heartily joined.

Prof. Dyer proposed "The Visitors," associating v^rith

the toast the name of the Greek Minister. He said ;
—

The association appeared to him a peculiarly happy one.

The other day he came across a striking statement of Sir Henry
Maine's—"Except the blind forces of Nature, nothing moves
in this world which is not Greek in its origin." The former

influence they could in this Society give some account of. But
the latter he regarded with a certain scientific scepticism. Yet
he was not disposed to dispute its validity. We still commenced
our often arduous mathematical studies with Greek geometry,
and he could not gainsay those who thought that the influence

of the counsels of Plato, and of the precepts of Aristotle, was
unexhausted. In art Greece remained unsurpassed and unsur-

passable. Some might say that if scientific men had their way
they would extinguish Greek studies. This was far from the

truth. In this Society they rejoiced in those exact studies which
recreated the literature and life of the past.

The Greek Minister, in replying, said :
—

He had always been of opinion that those who were intrusted

with the duty of representing their respective Governments
in this country, need confine their watchfulness and activity
neither to political nor to social circles alone. They had before

them a wide and unrivalled field in which to study the benefits

accruing to a whole community—to the Government itself—from

the efforts of private individuals, when guided by public zeal

and devotion to science ;
and he thought no more striking ex-

ample of such benefits could be instanced than the results of

the labours of this, the most ancient and most illustrious of

learned Societies. It might be said to have been born
with the first dawn of scientific research in England ; it

had remained its stronghold in times of political trouble

and change ;
it numbered in its long muster roll all those

names which had bequeathed an undying fame to British

science; it had worked out and solved, for the benefit of the

State, scientific questions which were elsewhere delegated to

official departments alone ; its catalogue of scientific papers was
a monument of the world-wide grasp of its subjects. That the

achievements of this Society should have been continuous and
ever increasing in importance for close upon 250 years was cha-

racteristic of British public zeal and tenacity of purpose. But

what was especially instructive was the ardour with which

such work was prosecuted, not only by those whose pursuit was

science, but by those especially who, like the illustrious states-

man at the head of Her Majesty's Government, being independ-
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ent by fortune and already great by birth and political achieve-

ments, yet contributed powerfully to the advancement of science..

It was at symposia such as this that the philosophers of ancient
Greece laid down those great truths of science which had found

amongst this Society such ardent apostles and such illustrious

expounders. The guests on whose behalf he responded, and he
himself, expressed sincere acknowledgments for the honour they
had done them that night.

The company then separated.

NOTES.
A MEETING of the honorary council of advice in connec-

tion with the Crystal Palace Electrical Exhibition, which is to

be opened on January i next, was held last week at the Man-
sion House. The Lord Mayor presided. Mr. Gardner, the

secretary of the Crystal Palace Company, read the report of the

directors, in which they referred to the Electrical Exhibition at

the Palace in 1881, and to the enormous strides which had since

been made in the industry. The Exhibition of 188 1 was recog-
nized as the pioneer of electrical engineering in this country,
and it was confidently believed that the Exhibition of 1892
would be remembered in history "as showing that the infant

Electra has grown to years of maturity, and is capable of further

aiding science, commerce, and the world at large." The space
available had been over-applied for, and every section of the

industry would be well represented. Invitations would be

issued to public bodies throughout the United Kingdom to visit

the Exhibition, where the various systems of electric lighting

would be on view, and in this direction alone very great saving
of expense to the authorities would be effected, and other

advantages must, the directors believed, also accrue. On the

motion of Mr. W. H. Preece, the following gentlemen were

appointed to act as a committee of experts ip connection with

the exhibits : Profs. W. Grylls Adams, W. E. Ayrton, W.

Crookes, D, E. Hughes, A. B. W. Kennedy, J. Perry, and

Silvanus Thompson, Major P. Cardew, Sir J. N. Douglass,

Mr. W. B. Esson, Mr. Gisbert Kapp, and Mr. Preece.

On Friday last a portrait of Sir William Thomson, by Mr.

Herkomer, was presented to the University of Glasgow. A
number of friends subscribed for it, to signalize Sir William's

election to the ofiice of President of the Royal Society. The

presentation was made by Mr. Balfour, the Lord Rector of the

University, who spoke eloquently of Sir William Thomson's

great career as a man of science and an inventor. A replica of

the portrait was presented to Lady Thomson.

The Egyptian Government has asked the Caisse de la Dette

for ;^5c,ooo from the general reserve fund on behalf of the

Antiquities Department. The Cairo correspondent of the Times

says that before granting so large a sum the Caisse will probably

require the appointment of a Commission to study the purposes

for which it is to be used. It is hoped that searching investi-

gation will be made into the management of the department

generally.

It is expected that Australia will be well represented at the

Chicago Exposition. Exhibits connected with education,

minerals, forestry, and especially wool are to be sent. About

fifty wool growers and wool brokers met lately at Sydney, and

decided to despatch a very extensive collective exhibit of

wools.

We have to note a change in the form of the publications

ssued by the Meteorological Department of India. From

January i last, the Annual Reports on the Meteorology of India,

which have hitherto been issued about fourteen months after the

termination of the year to which they referred, have been re-

placed by a Monthly Weather Review, the first four parts
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-of which have been received. It is hoped that, when the

arrangements are complete, these reports will be published

from six to eight weeks after current date. The materials used

-are the morning observations taken at 136 stations, and after-

noon observations taken at 82 stations ;
and eventually,

a monthly summary of rainfall observations will be given

for about 2500 stations. The text contains full discus-

sions of the chief features of the weather, under each of the

principal elements, illustrated by maps showing the mean
• distribution of the conditions for the month, and the variations

from the mean. The report for January also contains a brief

review of the meteorology of the year 1890, in which it is stated

that conditions were very abnormal in Upper India, and very

favourable for a severe winter in the hill districts, and for abun-

dant rain in the plain districts, while the snowfall in the Kash-

mir Himalayas and Afghanistan during November and.December
was abnormally heavy. Temperature was steadily below the

average in Northern India, but was excessive in the peninsula.

The Abhandlungen of the Royal Prussian Meteorological

Institute (Bd. i.. No. 4, 1891) contain the first part of a treatise

•on the climate of Berlin, referring to rainfall and thunderstorms.

Berlin possesses a long series of observations, commencing with

the beginning of the eighteenth century, but in this investigation

some of the earlier observations have not been used. The sub-

jects treated of are :— (l) The amount of rainfall, the annual mean

being given as 23 inches. The extreme values varied from I4'26

inches in 1887 to 30 inches in 1882. The wettest months

were June and July, yielding together 24 per cent, of the annual

amount. (2) Rain frequency. The average number of days on

which more than 0'o8 inch fell was 152. The months of greatest

rainfall frequency were November and December. (3) Hail and

soft hail {Graupel). The former occurred on 2 to 3 days and the

latter on 3 to 4 days in each year, and mostly in the months May,

June, and July. (4) Snow. A Berlin winter numbers on an

average 33 snowy days. The distribution according to months is

very curious : snow does not occur most frequently in the

coldest months ; it falls as often in March as in December. It

jies on the ground 49 days on an average. (5) Intensity of rain-

fall. Daily falls of more than 2 inches are quite exceptional,

and of l\ inches are not frequent. The greatest fall was I 'Z6

inches in i\ hours. (6) Wet and dry periods. Attention is

more particularly given to periods of short duration ; wet periods

•of five or more days are fewer than dry periods of similar length ;

the former average 7 '5 and the latter 13*2 per year. (7)

Thunderstorms. Berlin enjoys comparative immunity from

thunderstorms, as they occur on an average on only 15 days

in the year, about half of them being in June and July. This

valuable discussion has been carried out by Prof. G. Hellmann.

The common type of cyclone weather is sometimes materially

altered by orographical conditions. This is the case, e.g., at

Turin, as recently shown by Signor Rizzo (in a paper to the

Academy there). He cites thirty-three cases in the last twenty,

five years, which indicate the general course of the weather

when a cyclone passes over Northern or Central Europe. After

fall of the barometer, with strong west wind, the sky clears, the

temperature rises considerably, and the moisture of the air

diminishes. This is explained by the influence of the Alps.

The strong west wind is forced up the mountain-range, so that

its aqueous vapour is condensed, and falls as rain and snow on

the western slopes and summit. After crossing the ridge, it

descends, and, having parted with its moisture, appears as a

warm dry wind (thus forming an unusual feature in cyclones).

The temperature of the rivers of Central Europe has been

recently investigated by Herr Forster, of the Society of Geo-

graphers at Vienna University ; the monthly and annual means

being obtained from thirty-one stations. He distinguishes (with
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reference to river and air temperature) the following types :
—

[a) Glacier rivers. These are always warmer than the air in

winter, and much cooler in summer
;
on the average of the

year, they are about i" colder. {l>) Glacier rivers modified by
lakes, and rivers from lakes in general. These are, except in

spring, warmer than the air, therefore warmer on the annual

average, (c) Mountain rivers. Like glacier rivers, these are

warmer in winter and cooler in summer than the air, but the

difference, especially in summer, is not nearly so great ;
so that,

on the average of the year, it is approximately 0°. {d) Flat

country rivers. Their temperature is, throughout the year,

higher than that of the air
;
and the annual average diff'erence

is over 1°. Sometimes a different relation between river and

air temperature is found in the upper part of a river and in the

lower, and transition-types occur between those above indicated.

The Bahama Islands are soon to be connected with the

general telegraphic system of Great Britain and the world.

A submarine cable about 200 miles long will be laid from a

point about five miles from Nassau, New Providence, to a

point about the same distance from Jupiter Inlet, on the south-

east coast of Florida. The cable has been designed for the

Government of the colony by Mr. W. H. Preece. It will be

insulated with gutta-percha, and is being manufactured by
Messrs. W. T. Henley and Co. It will be laid in January or

February next by the steamer Westmeath, belonging to that

firm. As the Western Union Telegraphic Company's Floridan

lines do not at present run so far south as Jupiter Inlet, the

station at the American terminus of the cable will be in charge

of the officers of the United States Weather Bureau, who will

transmit the messages to the Western Union Company's

system over their private line. Traffic between England and

the Bahamas will thus pass through the Atlantic cables.

At a meeting held at Aylesbury on Saturday it was resolved,

on the motion of Sir Harry Verney, that it was desirable to

establish a County Museum for Bucks, and that an executive

committee should be appointed to take the necessary measures.

Letters from various eminent men of science were read at the

meeting. Prof. Flower, writing from the British Museum,

pointed out that a good County Museum, well arranged, neat,

and attractive, might be the means of conveying instruction and

giving interest and pleasure to thousands, and that money,

time, know ledge, and sympathetic care must be expended upon

it. Prof. Alfred Newton, of Magdalene College, Cambridge,

said that the proposal to establish a Museum for Buckingham-

shire had his best wishes. He advocated the founding of a

maintenance fund, which should be vested in trustees. Prof.

Green, of the University Museum, Oxford, contended that in

the proposed Museum care should be taken for the proper selec-

tion of objects, the primary end being to illustrate the district in

which it existed.

Dr. Ermling contributes to the current number of Globus

an interesting paper on the Nurhagi of Sardinia. There

are said to be more than 3000 of these prehistoric buildings

in the island. They are almost all in fertile districts, and

are built in groups which are separated from one another

by wide and generally barren spaces. According to many

archceologists, the Nurhagi were tombs ;
but the late Canon

Spano, in his
" Memoria sopra i Nurhagi di Sardegna,"

published in 1854, contended that they were dwellings and

places of refuge, and this view is accepted by Dr. Ermling.

In a trench closed with asphalte, under the ruins of a Nurhage

near Teti, various bronze statuettes, swords, spear-heads, and

axes were discovered lately by shepherds. These treasures are

now in the museum of M. Gouin, a Frenchman, in Cagliari.

Some of the objects have been analyzed, and it has been found

that the chemical composition of the bronze statuettes is not the
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same as that of the axes. The statuettes consist of copper
90*3, tin 7 '4, iron 2"i

;
the axes, of copper 87"4, tin I2'0, lead

0"5, with traces of iron.

In the new number of Fetc-manns MUteilungen Prof.

Vambery has a valuable paper on the geographical nomenclature
of Central Asia. He gives a list of names, his spelling of which

may safely be accepted as authoritative. The list is to be extended
on some future occasion.

At a recent meeting of the Field Naturalists' Club, Victoria,
Mr. C. G. W. Officer read a paper on supposed human footprints
on.F^olianrocksatWarrnambool. In introducing the subject, Mr.
Officer described in detail the formation and nature of the sand

dunes, and their connection with the underlying strata, as shown

by the similarity of the stone now being quarried there. From
an analysis of the stone made by Mr. Avery, of Queen's College,
it appears that it contains about 94 per cent, of carbonate of

lime. Last December a slab was discovered in one of the

quarries bearing impressions which suggested that they were
made by human beings. This slab was secured by Mr, Archi-

bald, and placed in the Warrnambool Museum. The deter-

mination of the age of the rocks is of importance, and from the

evidence of subsidence and elevation w hich have probably taken

place since the impressions were made, Mr. Officer is of opinion
that a considerable lapse of time has occurred since the rocks
were laid down, and he suggests that the impressions were made
by two individuals sitting close together and somewhat obliquely
to each other. Mr. J. Dennant, discussing the paper, pointed
out that it was necessary to be very guarded in accepting any but
the strongest evidence on such questions as those relating to the

supposed footprints. Amongst limestone rocks it was well
known that mimetic forms were common. In the ^Eolian rocks
of Cape Bridgewater occurred the so-called fossil forest, which
the casual observer could hardly be persuaded to believe was an
accidental resemblance, and nothing more. At the same time
Mr. Dennant congratulated Mr. Officer on having produced an

interesting and highly suggestive paper. The rocks were well

described, and whether his conclusions concerning the im-

pressions were accepted or not, he had succeeded in drawing
renewed attention to one of the most striking formations in

Victoria.

Mr. J. B. Tyrrell, Ottawa, of the Canadian Geological

Survey, has spent the last two summers in examining the shores
of Lake Winnipeg, Winnipegosis, and Manitoba ;

and he has
issued a few notes on his observations, in advance of a more
detailed report to the Survey. Speaking of striat ion, Mr. Tyrrell
refers to many distinct and characteristic glacial strise which
show that during the Ice Age a great glacier, or lobe of the

Laurentide glacier, moved south-south-eastward across the

lacustral plains of Manitoba, along the valley of Red River to the

height of land, and onward to near Des Moines, Iowa, sending
off branches up the valleys of Swan and Red Deer rivers. The
total length of this glacier or lobe, from the north end of Lake

Winnipeg to its extreme southern limit in Iowa, would be about

850 miles. With reference to moraines, Mr. Tyrrell says the

highest at present known in Northern Manitoba are those capping
the summits of portions of the Duck and Riding Mountains,
with altitudes of 2500 to 2700 feet above the sea, or 1800 to

2000 feet above the surface of Lake Winnipeg. On the shores

and islands of Lake Winnipeg a distinct moraine has lately been

recognized. In a section on shore lines Mr. Tyrrell describes

Kettle Hill, on the south side of Swan Lake, as one of the

most interesting monuments of ancient shore phenomena in the

whole district. Swan Lake has an estimated elevation of 27
feet above Lake Winnipegosis, or 855 feet above the sea ;

and the hill, which appears to have been largely composed of

Dakota sandstone, rises 275 feet above it. On the face of this

NO. II 53, VOL. 45]

hill are five distinct terraces, representing six different shore lines,,

at elevations of 920, 955, 995, 1015, 1070 feet above the sea,,

those at 955, 995, and 1070 be'ng most strongly marked, the last

being the most distinct.

Mr. D. Morris, Assistant Director of the Royal Gardens,

Kew, lately sent to the Entomologist's Monthly Magazine
for identification specimens of a Coccid, supposed by him

to be Icerya\iPurchasi, received from St. Helena. They
were found there on some rose bushes which had been imported
from the Cape of Good Hope. In a note in the new number
of the Entomologist's Mon'hly Magazine, Mr. J. W. Douglas

says there is not the least doubt that the specimens received are

females of Iceryd Purchasi ; and he adds that if the brood of

which they are samples be not extirpated at once by burning
all the plants on which they exist, so as to destroy all eggs and

young larvse, they will form the beginning of a pest that must

be intensely serious in such a small island. The probability is

that they were introduced as eggs or larv?e, and so escaped
observation.

The fourth volume of the entomological publication issued

by the Russian Grand-Duke Nicholas, under the title of
" Memoires sur les Lepidopteres, rediges par N. M. Romanoff,'

contains a very valuable work by M.-Gr. Grum-Grshimailo—
"Le Pamir et sa Faune lepidopterologique," with twenty-one
coloured plates and a map of the Pamir. Besides its special

entomological part, the work contains some interesting deduc-

tions concerning the geological history of the Pamir. The
author came to the conclusion, confirmed afterwards on geologi-
cal grounds by Prof. Mushketoff, that during the Miocene period
the Pamir plateau and Tibet formed a continent which rose

isolated above the great Tertiary sea. It was separated at that

time from the Tian-Shan Mountains, but seems to have been^

connected with the Altai Mountains, probably through the Bei-

Shan highlands. The hypothesis seems probable on orographi-
cal grounds as well—the Pamir and the Altai Mountains belong-

ing to the great'plateau of Asia of which the Great Altai is one

of the border ridges, while the Tian-Shan belongs to the series

of ridges parallel to the border ridges, and is separated from

them by deep valleys, which must have been filled by the waters

of a Tertiary sea. The same structure may be observed in East

Siberia also.

LlST.'^ of the Macro-Lepidoptera and birds of Winchester and
the vicinity have been compiled by members of the Winchester

College Natural History Society, and have now been published

together in the form of a pamphlet. The compilers have

evidently taken great care to be accurate, and their wo-k
cannot fail to be of service to students of natural history in the

locality. Mr. A. W. S. Fisher, who signs the preface to the

list of Lepidoptera, points out that it contains 425 species, which
have all occurred within six miles of Winchester College. Mr.

S. A. Davies, in the list of birds, indicates by an asterisk the

cases in which the birds recorded have been bred within a radius

of a quarter of a mile of the College, In most cases, Mr.

Davies himself has found the nest within the last three

years.

According to Hering's views, the optical stimulation-value,
or "valence," of a coloured radiation, is made up of one white
and one or two colour valences (the greater the former, the less

the saturation). And he has sought to measure the white

valences ; one useful means lying in the fact that to an eye kept

long in the dark all coloured rays _of a certain low intensity
seem colourless, but of very different brightness. Hering has

lately had an opportunity of taking measurements on a person

having sight, but totally blind to colours (a very rare case).
This was a music-teacher, twenty years of age. The experi-
ments (described in PJliiger's Archiv) brought out the fact that
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the spectrum of the totally colour-blind is considerably

shortened ; in this case it began about 665 m, and ceased about

420 /i. The greatest intensity was in the green. Further, it

appeared that all coloured radiations had the same relations of

brightness to each other for the adapted normal eye as for the

eye of the colour-blind person. With any two spectral lights,

again, an equality of sensation could be produced in this

person, when a suitable ratio of intensities was established ;

and when the two different colours, which seemed equal to the

colour-blind, were examined with the normal eye (adapted to

darkness), it was found that these two colours had equal white

valences. In general, the brightness-curve of the spectrum of

the colour-blind had the same course as the curve of white

valences for the normal eye. These facts are regarded as a

strong confirmation of the author's views.

The Morgue in Paris now has a medico-legal institute at-

tached to it, with courses of lectures, &c. The need of frigorific

apparatus has been long felt, and in a recent competition for the

supply of it, the arrangement proposed by MM. Mignon and

Rouart (Carre's system) has been selected by a Committee, and

will be worked out. According to the Report {Bulletin de la

Soc. d^Encouragement), Prof. Brouardel imposed three condi-

tions : (i) to submit bodies, on arrival, to a temperature of -IS°
to — 20° C. (this on account of bad conductivity and slowness

of freezing internally, also the advanced state of decomposition

•often met with) ; (2) to take them into a room with temperature

varying between —
4° and — l°

;
and (3) to keep ten bodies at a

temperature of -
4°, Further, vibration was to be avoided, and

the air kept still. The method of Carre, it is known, depends
on changes in an aqueous solution of ammoniacal gas, the gas

being driven off by heat, liquefiedrby its press ure, vaporized, and

absorbed by water. Chloride of calcium is used to transmit the

cold ; this liquid passing through pipes in the wooden walls of

a freezing cell, into which the body is pushed on a carriage. Ten

hours is enough for the largest body : it becomes hard as wood.

The after-process is easier. Bodies can be kept thus more than

eight months, though decomposition had begun before freezing.

When an autopsy is to be made, the body is put into a case

which is heated with gas burners, and afterwards it may be

relegated to the frozen state to be kept longer. To keep bodies

at - 2° in a hall, for exhibition to the public, presented special

difficulties. How these were overcome may be learned from the

above-mentioned Report.

The new number of the Journal of the Marine Biological

Association of the United Kingdom (new series, vol, ii,. No. 2)

opens with the Council's report for 1890-91 and the Director's

report. The weather was extremely unfavourable for continuous

and systematic dredging ; nevertheless the boats of the Labora-

tory were constantly employed on every suitable day, and a

considerable amount of material was collected. The preservation

of specimens has been much more carefully attended to than

formerly. One man now devotes almost his entire time to this

work. The following are the other contents of the present

number :
—The egg and larva of Callionymus lyra, by J. T.

Cunningham (with plate v. ) ; experiments on the production of

artificial baits, by Frank Hughes ; the rate of growth of some

sea fishes and their distribution at different ages, by J, T.

Cunningham ;
on some Ascidians from the Isle of Wight—a

study in variation and nomenclature, by Walter Garstang (with

plates vi, and vii, ) ; on the development of Palinurus vulgaris,

the rock lobster or sea crayfish, by J. T, Cunningham (with

plates viii, and ix, ) ; the reproduction and growth of the

pilchard, by J, T. Cunningham (with plate x.); the distribution

of Crystallogobius nilssonii, by J, T, Cunningham ; physical

investigations, preliminary paper, by H. N. Dickson (with plate

xi,) ; notes on meteorological observations at Plymouth, by
H, N, Dickson ;

notes on the herring, long-line, and pilchard
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fisheries of Plymouth (continued), by William Roach, Associate

Member
; note on a British Cephalopod—Illex eblana: (Ball),

by William E. Hoyle ;
notes and memoranda.

Prof. Kaufman n, of Liege, has issued a useful " Student
"

Guide" to the Liege School of Mines and Engineering, the

Montefiore Electro-technical Institute, and the principal en-

gineering firms in Liege and the environs. He quotes from an

official report by Mr. Vice-Consul Menzies a statement to the

effect that the advantages offered by Liege from an educational

point of view do not seem to be duly appreciated in the

United Kingdom. While the youth of almost all the other

European nations are fairly, and in some instances largely,

represented at the Liege University, the British students rarely

number more than five or six at a time, and sometimes not even

that.

A "
Handy List of Books on Mines and Mining" has been

compiled and published by Mr. H. E. Haferkorn, of the

Milwaukee Public Library, He describes it as an alphabetical

reference catalogue, arranged under authors and subjects, and

including analytical references to the contents of important

works.

Messrs. Whittaker and Co. have issued the fourth edition

of the "Working and Management of an English Railway," by

George Finlay, In June 1890 the author read a paper at the

Royal United Service Institution, on the transport of troops by
rail within the United Kingdom. The substance of this paper
he has embodied in the chapter on railways as a means of

defence. To the present edition he has also added, as an

appendix, a lecture (with emendations) delivered at the Society

of Arts, on modern improvements of facilities in railway

travelling.

Messrs. Whittaker and Co. have in the press a second

edition of Dr. A. B. Griffiths's "Treatise on Manures." It is a

little more than two years since the work appeared. Fifty pages

of new matter have been added.

The third edition of "Electricity, treated Experimentally

for the Use of Schools and Students," by Linnaeus Gumming,
has been published by Messrs, Longmans, Green, and Co.

The author has made such additions and alterations as seemed

necessary to bring the book up to date.

A new edition of Prof. A. Humboldt Sexton's
"
Elementary

Inorganic Chemistry" (Blackie and Son) has been issued. To

meet the alterations in the syllabus of the Science and Art

Department, the author has recast the part dealing with

qualitative analysis.

The American Association for the Advancement of Science

has just issued the Proceedings of its meeting (the thirty-ninth)

held at Indianapolis, Indiana, in August 1890.

Part 38 of Cassell's "New Popular Educator" has been

published. Besides the illustrations in the text, it includes a

good map of Spain and Portugal.

The second series of lectures given by the Sunday Lecture

Society begins on Sunday afternoon, December 6, in St.

George's Hall, Langham Place, at 4 p.m., when Mr, Eric S.

Bruce will lecture on "
Fogs and their Prevention." Lectures

will subsequently be given by Prof. J, F, Blake, Prof. Vivian

B. Lewes, Prof. Percy Frankland, F,R.S,, Dr. Benjamin W.

Richardson, F,R.S., Mr. Whitworth Wallis, and Mr, Willmott

Dixon,

The additions to the Zoological Society's Gardens during the

past week include a Barbary Mouse (iT/^« barbarus){xom Barbary,

a Chinese Blue Magpie {Cyanopolius cyanus) from China, two

Brown Thrushes {Turdus leucomelas) from South America,

purchased ;
a Vulpine Phalanger [Pkalangisia vulpina), born in

the Gardens.
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OUR ASTRONOMICAL COLUMN.
Motion of Stars in the Line of Sight.—In a paper read

before the Royal Society in January 1890, Prof. Lockyer
described a new method of observing spectra of stars and
nebulae which did away with errors due to the collimator of

the spectroscope not being exactly in the optic axis of the

telescope owing to the flexure of the telescope tube. It

consisted in using a siderostat to reflect the light of the body
under observation to a vertical object-glass, whence it was

converged on the slit of a fixed spectroscope. By this means

perfect stability can be secured. This method has been utilized

by M. Deslandres, of Paris Observatory, for the photographic
determination of the displacements of lines in stellar spectra due
to motion in the line of sight {Coviptes rettdus, November 23).

Comparison spark spectra are taken above and below the

spectrum of the star, and the difference of position of the lines

common to the star and these spectra afterwards measured.
The elements used for comparison are iron, calcium, and

hydrogen, and the best results have been obtained with the first

of the three. The lines in a spectrum of Sirius, taken on
March 3, 1 89 1, in this manner, exhibited a displacement which

corresponded to a velocity of recession relative to the earth of 19
kilometres per second. But as the earth's motion towards Sirius

at the time of observation was 20*2 kilometres per second, the

approach of the star to the sun was i 2 kilometres per second.

The results indicate that considerable advantage is to be gained
by the use of the siderostat in the study of the radial motions
of stars.

The Variation of Latitude.—Some determinations of

the latitude of Cambridge, U.S., made in 1884-85 exhibited a

progressive variation, from which, however, no inference was
drawn at the time. The stars observed were contained between
-

5° and +5° of declination, but a subsequent discussion based
on more northerly stars (+ 5° to + 50°) gave an exactly

corresponding variation in latitude. Mr. S. C. Chandler, in the

Astrono7nical Journal, No. 248, gives the results of a recent

examination of his values, and from the curve connecting the

residuals finds the minimum latitude to have been on September
I, 1884, and the maximum latitude on May I, 1885, with a

range of about d'"j.

Photography of the Eclipsed Moon.—During the lunar

eclipse of November 15, M. Courty, of Bordeaux Observatory,
took four photographs of the moon after it had entered the

earth's shadow. The exposure given was about two minutes,
and the disk of the moon could be easily traced on the negatives,
and on some positives presented with a note by M. Rayet to the

Paris Academy on November 23. M. Janssen remarked that by
photographing the eclipsed moon and the full moon on the same

plate, and determining the times of exposure necessary to obtain

both images of equal density, a good idea of the relation of the

light intensity in the two cases may be obtained.

PROPOSALS FOR A SCHEME OF CO-OPERA-
TIVE OBSERVATION OF THE SO-CALLED
LUMINOUS CLOUDS.

CINCE 1885 curious cloud formations have been seen on
"^ summer nights in both the northern and southern hemi-

spheres, in evident connection with those phenomena which
followed the great volcanic eruption at Krakatab. The intense

brightness of these formations, considering the position of the

sun, denoted that they were situated very far above the earth's

surface. Probably these clouds consisted of erupted particles
thrown to a very great height and there illuminated on summer
nights by the sun.

These cloud-like formations, commonly called luminous

clouds, are extremely interesting, both on account of the extra-

ordinary height at which they have for years been moving above
the surface of the earth (more than 80 kilometres) and of the

movements themselves. A very important point about these

clouds is that they are—so far as we yet know—visible in each

hemisphere only in the summer. It is the more important
that these phenomena should be carefully and widely observed,
since it is believed that they are gradually breaking up, so that

probably in a very few years no distinct traces of them may
remain (see also O. Jesse on so-called luminous clouds, in the

journal Himmel und Erde, vol. i. p. 263).

Photographic results of the researches of O. Jesse are given in

Part xl. of the Transactions of the Berlin Academy of Science
for 1890, and Part xxvi. for 1891. It is very desirable that such

photographs should be taken in as many different localities as

possible, because from them we get the surest basis for con-

sideration of the situation and movements of the clouds. But
valuable aid may be given by the co-operation of numerous
observers in various regions of the earth without the aid of any
apparatus.
The principal points upon which stress is to be laid in this

inquiry are :
—

(i) By what method can the so-called luminous clouds be
most surely distinguished from others, especially from the

ordinary cirrus cloud ?

Clouds or cloud-like formations which after sunset and before

sunrise stand out brightly from the dark ground of the heavens,
no earthly or unearthly sources of light being present on the

horizon, can only produce this effect by means of their own light
or else by light which they receive directly or indirectly from the

sun or moon below the horizon.

Cloud-like formations which shine at night by their own light
have doubtless been formerly observed above the surface of the

earth. To these formations belong not only thunder and

lightning clouds, but also some polar light and meteoric

phenomena.
But the so-called luminous clouds do not belong to the

various species of self-luminous clouds, for finer measurements
of their light are wanting, besides which the fact that they are

only seen within the zone of twilight proves that the sun below
the horizon is the principal source of their light.

It is well known that there are clouds within this twilight
zone which resemble high mountain peaks, and which in the

first stages of twilight shine in the light of the sun, though the

latter is below the horizon of the observer. It is easy to deter-

mine the relation between the position of the sun below the

horizon, and the height of those layers of atmosphere which
receive the sun's light and reflect it.

But the laws which govern the whole course of twilight are

modified when the distribution of the sunlight-reflecting particles
in the atmosphere is altered to any great extent. If, for instance,
numerous minute atoms produced by volcanic eruption or by the

breaking up of meteoric bodies find their way into those heights
above the earth's surface in which usually the gaseous elements

of the atmosphere are present in a very scattered form, it may
happen that such a layer, which reflects the sunlight very

strongly, may curiously alter the course of the twilight.
So long after sunset as the masses of air beneath such a layer

receive direct light from the sun and reflect it, the observer will

not distinguish any deviation from the usual course of twilight.
But as soon as the further sinking of the setting sun gradually

deprives the lower layers of air of the direct light, the higher

layer of dust still receiving light from the sun stands out in

astonishing brightness, the particles of dust having strong

reflecting power, thus giving to the close of twilight the curious

effect of the sudden appearance of shining clouds on the broad
surface of the heavens.

The phenomena of the luminous clouds corresponded when
first perceived to the above description. At present they are

no longer so strong or so extensive, but only form thin whitish-

blue shining veils, similar in form to the so-called cirrus or

feather clouds, occupying but a comparatively small part of the

floor of the heavens inside the twilight segment, and in our zone

mostly near the horizon. Probably, the layers are now so

thin that very near and exactly above us they can no longer be
seen.

From the above considerations it is clear in what way these

clouds differ from those situated nearer to us, and especially
from the cirrus clouds floating scarcely more than 13 kilometres

above the earth's surface. All these lower clouds appear in the

later twilight grey and shadowy on a light ground, because the

layers of atmosphere above them are the chief source of the

remaining twilight. The luminous clouds differ too in shape
and structure from the other kinds of clouds.

We must guard, however, against the error of mistaking
cirrus for luminous clouds, when, in exceptional cases, the

former look very bright, in consequence of receiving light either

directly or indirectly from the moon or other sources. In this

case, the question is decided by the relatively high degree of

stability in position and form of the very high and distant

luminous clouds, as ordinary clouds lie lower and nearer, and
show much more rapid changes of position.
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(2) When convinced of beholding so-called luminous clouds,

to what points shall attention be especially directed, and what

simple measurements of place, time, form, &c.. shall be carried

out in order to aid most usefully in the inquiry ?

In answering this question we will first consider those

methods of research in which the observer can obtain no instru-

mental aid, except only a watch, which should be a sufficiently

good timekeeper to estimate the time of observation to one

minute, when compared with the correct time within eight to

twelve hours after the observation.

Such simple observations are the more useful, since it fre-

quently happens that in the well fitted up and prepared stations,

•observation of the phenomena is prevented by bad weather,
or else that the phenomena stretch over too large an extent of

the earth's surface to be included in an organized series of

-observations." The farther the stations are apart, the more
valuable are the most simple methods. For instance, in

order to get corresponding photographic observations from two

stations, 35 kilometres apart, such as Berlin and Nauen, the

most rigid exactness, both as to time and place, must be
observed.

If, however, observations are taken in Ea.st Prussia and in

the Rhine province respectively, a from twenty to thirty times

larger margin of difference as to time and place can be allowed

than in the foregoing case, without in any way lessening the

value of the result.

So, if without preparation and instruments to hand an ob-

server believes he beholds luminous clouds, he must not imagine
that he can render no service to science by examining them

closely, for very possibly the most simple method may, taken

in conjunction with other similar observations, prove to be of

the greatest service.

It is desirable, too, to look out for luminous clouds at all

seasons of the year, though, so far, they have only been seen in

summer. In the northern hemisphere they have only been

seen from the end of May to the beginning of August, with

greatest frequency and brightness in the month of July.

During these weeks, usually two stars are seen simultaneously
with the luminous clouds, a star of the first magnitude, Capella,
and a star of the same constellation, of the second magnitude, /3

Aurigse.
The brighter of the two stars, which is characteristic of

summer nights, in the northern horizon, sets towards the end of

June soon after eleven, and towards the middle of July before

ten, on account of the northerly direction of the meridian, and,

in North Germany, at a distance from the horizon of 10 to 12

diameters of the full moon. At almost as great a distance

from this bright star, and at a not very different distance

from the horizon, the second magnitude star follows towards the

west.

By estimating the distances and directions of these two stars,

an excellent means is afforded of determining the outlines of a

group of luminous clouds. It is only necessary to determine

how great the distance of a certain part of the outline of the

cloud group is from one or the other star, and in what direction

this line lies with regard to one or the other star, or how far the

line in question is above or below the prolongation of the con-

necting line of the two stars. A simple drawing of the course

of the outlines and their situation with regard to the two stars is

useful, even when it cannot be completed on the spot but must

be finished from memory. The time at which the drawing was
made should be noted within one half-minute.

If the group of clouds should be so far from the above-men-

tioned two stars as to make the determinations inexact, it is

advisable to determine the outlines of the clouds for a certain

time in the following way. Take up a position from which the

outlines of houses, trees, &c., can be seen close to the position

of the clouds, and fix thus the relative position of these earthly

objects to the position of the clouds by a simple drawing,

describing the spot from which the observation is made in such

a manner that the place occupied by the head of the observer

can be found again. The lines drawn from the position of the

observer to the outlines of the earthly objects, and the resulting

localization of the outline of the clouds in the heavens can then

be determined at once by means of simple instruments for

measuring angles, or on succeeding nights by the aid of a good
star chart.

It is necessary to verify the exact point of time of these ob-

servations by comparison of the watch used with the time at a

telegraph office, and correction of any errors should be made to

the fraction of a minute.
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In communicating these observations, the exact place at which
they have been made must be accurately described.

Should a complete observation be impossible, owing to the
time during which the luminous clouds are visible being too
short for careful measurements and drawings or to any other

cause, the observer should nevertheless communicate briefly to

the Society of Friends of Astronomy and Cosmic Physics that
he has seen what he believes from the foregoing considerations
to be luminous clouds from a certain place, in a certain direction
in the heavens, and within a certain quarter-hour. .

The peculiar movements hitherto observed of the clouds in

question lead to the suggestion that perhaps a period consisting
of several days exists, within which one and the same group of
clouds is visible at the same hour from the same place, other
conditions of the heavens being favourable. Every communica-
tion as to these phenomena will be valuable in the decision of
this important point, which it has hitherto been impossible to

settle, owing to the uncertainty of the weather and the fewness
of the observers.

Those co-operating in our branch of research who nre in

possession of astronomical, photographic, or other physical

apparatus, will of course be able to give more exact details as to

place, movement, and constitution of the luminous clouds.

Suggestions for these observations cannot be given so briefly
and simply ; but for the sake of full and complete agreement
between different observers, especially as to the point of time
selected for taking photographs and measurements, members of
the Society of Friends of Astronomy and Cosmic Physics are

invited to communicate with O. Jesse, Steglitz bei Berlin,
Albrechtsstrasse 30. This course would also be advisable in

the close optical examination of the clouds with regard to the

peculiar changes in strength of light and the degree and kind of

self-luminosity which they perhaps send out together with the
reflected sunlight.

In the night from June 25-26 of this year the summer re-

appearance of the luminous clouds was observed very brightly
from Berlin and the neighbourhood.
More detailed particulars on the whole subject of inquiry are

contained in a small paper by W. Foerster, which has been sent

to all the members of the Society of Friends of Astronomy and
Cosmic Physics.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—Mr. G. C. Inge, Magdalen College, has been ap-

pointed to the Studentship offered to the University by the

Managing Committee of the British School of Athens, from the
Newton Testimonial Fund.
The death is announced of Dr. Evan Evans, Master of Pem-

broke College, who filled the office of Vice-Chancellor of the

University from 1878-82.
Convocation has granted £2^ towards the cost of the anti-

quarian researches at Chester, which are throwing great light

upon the obscure period of the military occupation of Britain in

the time of Agricola. Prof. Mommsen has appreciated the

value of these researches.

At a meeting of the Junior Scientific Club, Mr. A. Colefax,
Christ Church, read a paper on the investigation of the change
taking place in acidified solutions of sodium thiosulphate. The
subject of hypnotism was treated by Mr. E. L. Collis, of Keble ;

and P. C. Mitchell had an exhibit, and offered some remarks

concerning primitive man in the Torquay caves.

The University has published the official Calendar for 1892.
The arrangement and information contained differ little from
former years. We learn that the number of undergraduate
members of the University has increased from 31 10 to 3212.
The number of matriculations in 1890 were 771, as compared
with 787 in the preceding year. The number of B.A. and
M.A. degrees is very nearly the same as in 1889.

SCIENTIFIC serials:
Amefuan Journal of Science, November 1891.

—The solu-

tion of vulcanized india-rubber, by Carl Barus. Experiments
have been made by the author on the solubility of india-rubber

in different solvents at different temperatures. Elastic sheet

india-rubber, such as is used for rubber bands and tubing, is not

fully soluble in CSg at 100° or 160°, but is quite soluble at 185°,

and extremely soluble at 2lo^ It is also easily dissolved by
1 liquids of the paraffin series at 200°. Various other substances
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have been used as solvents, and many remarkable results

obtained. The importance of the paper may be galhered from
the fact that in it is described "a method by which vulcanized

india-rubber of any quality or character whatever, as well as the

undecomposed or reclaimable part of rubHer-waste, may be dis-

solved or liquefied in a reasonably short time, the solutions pos-

sessing any desirable degree of viscosity or diluteness, from
which india-rubber may be regained on evaporation of the

solvents."—Report of the examination by means of the micro-

scope of specimens of infusorial earths of the Pacific coast of

the United States, by Dr. Arthur M. Edwards. Seven new
fluviatile fossiliferous deposits from Oregon, California, and

Washington are described.—The Tonganoxie meteorite, by E.

H. S. Bailey. An analysis of the meteorite gave the percentage

composition : Fe 91 'iS, Ni 793, Coo'39, Po'io, and a trace of

copper. The weight is 23^ lbs., specific gravity 7'4S, shape an

irregular triangular pyramid 9I inches long by 6| inches wide

by 4I inches deep. A fine figure showing numerous pittings on
the surface of the meteorite accompanies the paper.

—
Proposed

form of mercurial barometer, by W. J. Waggener.—Colour

photography by Lippmann's process, by Charles B. Thwing.
The results obtained seem to indicate—(i) that mixed colours

may be reproduced with a fair degree of accuracy ; (2) that an

exposure sufficiently long to give a clear image of the red is

quite certain to obliterate the blue by over-exposure ; and

(3) that an over-exposure may completely reverse the colours,

causing the original colours to appear on the reverse, and the

complementary colours on the film side of the plate.
—New

analyses of uraninite, by W. F. Hillebrand. From the analyses
it appears that the species may be broadly divided into two

groups, one characterized by the presence of rare earths and the

almost invariable presence of nitrogen, the other containing
little or no nitrogen and no rare earths. Varieties of the former

group occur in more or less well defined crystals, whilst mem-
bers of the latter group are usually devoid of crystalline form.—
The Tertiary silicified woods of Eastern Arkansas, by R. Ells-

worth Call. The investigation has led to the following con-

clusions :
—

(i) The silicified woods of Eastern Arkansas are all

of Tertiary age. (2) They are derived from the beds of Eocene

clays that underlie the sands and gravels in which they com-

monly occur. (3) They are silicified lignite ; the process of

silicification has occurred either while they were still in clays, or

most often after they were removed and buried in the sands or

gravels. (4) They possess as yet no taxonomic value in deter-

mining the relative ages of the members of the Tertiary series.—
"-Occurrence of sulphur, orpiment, axd realgar in the Yellow-
stone National Park, by Walter H. Weed and Louis V.
Pirsson.—Mineralogical notes, by L. V. Pirsson. .Some spe-
cimens of cerussite, haematite, and cassiterite, gypsum, and

pennine are described.—Peridot dykes in the Portage sand-

stones, near Ithaca, N.Y., by J. F. Kemp.—A new locality
of meteoric iron, with a preliminary notice of the discovery
of diamonds in the iron, by A. E. Foote. The existence

of black and white diamonds in the meteorite appears to be
established by indifference to chemical agents and hardness.

Carbon in the form of an iron carbide also occurs with the

diamonds. The meteorite was found in Canon Diablo, Ari-

zona. Three figures accompany the paper.
—The South Ti-ap

Range of the Keweenawan series, by M. E. Wadsworth'.—
Geological facts noted on Grand River, Labrador, by Austin

Gary.

SOCIETIES AND ACADEMIES.
London.

Mathematical Society, November 12.— Prof. Greenhill,
F. R. S., President, in the chair.—The President announced the

recent decease of Mr, H. M. Jeffery, F. R. S., who was elected

January 14, 1875.
—The following gentlemen were elected to serve

on the Council for the ensuing session : Prof. Greenhill, F. R.S.,
President

; Dr. J. Larmor, Major P. A. MacMahon, F. R.S., and

J. J. Walker, F.R.S., Vice-Presidents; A. B. Kempe, F.R.S.,
Treasurer ; M. Jenkins and R. Tucker, Hon. Sees. ;

other mem-
bers, Messrs. A. B. Basset, F.R.S., E. B. Elliott, F.R.,S. J.

Hammond, C. Leudesdorf, A. E. H. Love, S. Roberts, F. R.S.,
Drs. A. R. Forsyth, F.R.S., J. W. L. Glaisher, F.R.S., and
M. J. M. Hill.—The following communications were made :

—
On selective and metallic reflection, by A. B. Basset, F. R.S.

It is well known that most transparent substances, which pro-
duce anomalous dispersion, exercise a strong selective absorption,
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and at the same time strongly reflect rays of the same periods as

those whieh they absorb. Thus in fuchsine the order of the
colours going up the spectrum is blue, indigo, violet ; then there

is an absorption band, followed by red, orange, yellow.
The experimental laws relating to substances of this class may
be summarized as follows : (l) the i^ays which are most strongly
absorbed, when light is transmitted through the substance, are
most strongly reflected ; (2) when the incident light is plane
polarized in any azimuth, the reflected light is elliptically

polarized ; (3) when sunlight is reflected, the colour of the re-

flected light, when viewed through a Nicol's prism whose principal
section is parallel to the plane of incidence, is different from
what it is when viewed by the naked eye. The phenomena of

absorption, anomalous dispersion, and the like, have formed the

subject of numerous theoretical investigations by German mathe-
maticians. It is not the object of the present paper to propose
any new theory upon the subject, but to discuss and extend the

theory of von Helmholtz. The theory of von Helmholtz is an
elastic-solid theory, which is based upon certain assumptions re-

specting the mutual reaction of ether and matter. The potential

energy of the system may be conceived to consist of three distinct

portions, viz. Wj, Wg, Wg, of which W^ is the ordinary expres-
sion for the potential energy of an isotropic elastic solid

; W,^
is a homogeneous quadratic function of the displacements of the

matter
;
and W3 is a similar function of the relative displace-

ments of ether and matter, and is supposed to arise from the

mutual reaction of ether and matter. Having obtained the ex-

pression for the energy of the system, the equations of motion
can be at once written down

;
and it will be found, on in-

tegrating them, that the index of refraction, /i, of light of period
T, is given by the equation

—

^^= " - -- h +
.. J^\ .., .

!

• . (I)
Pq 47rp() ( 4ir-pj(^''

—
t-)

— wk-r- )

In this equation p is the density of the ether when loaded with

matter, p^ is the density of the ether itt vacuo, and pj is the

density of the matter • k is the free period of the matter vibra-

tions, and a is a constant depending on the mutual reaction of

ether and matter. If we suppose that the value Tj of t, which
makes the denominator vanish, corresponds to the double sodium
line D of the spectrum, whilst a value Tj, which makes

fj.
= o,

corresponds to the hydrogen line F, fi' will be negative when t

lies between D and F, and (i) accordingly represents a trans-

parent medium (such as fuchsine) which has a single absorption
band in that portion of the spectrum. Moreover, the dispersion
is anomalous, since the value of fi when t is a little greater than

T|, is much greater than its value when t is a little less than Tg.

To explain selective reflection, I have provisionally adopted Sir

W. Thomson's hypothesis, that the ether is to be treated as an

elastic medium, whose resistance to compression is a negative

quantity, whose numerical value is slightly less than |^rds of its

rigidity. Under these circumstances, the amplitudes of the re-

flected light will be given by Fresnel's sine and tangent formulae,

according as the incident light is polarized in or perpendicularly
to the plane of incidence. When /x^ is a negative quantity,

these formulae become complex quantities of the form e'^'-'^J'^

and 62"'/iM, and this indicates that reflection is total, and is

accompanied by a change of phase ; moreover, since the changes
of phase, /, /j, are different, according as the incident light is

polarized in or perpendicularly to the plane of incidence, it

follows that if the former is polarized in any azimuth the re-

flected light will be elliptically polarized. From these results it

appears that the colour of the reflected light is of a greenish

yellow when viewed by the naked eye ; but when it is viewed

through a Nicol, whose principal section lies in the plane of

incidence, a considerable portion of the yellow rays are refused

transmission by the Nicol, and the light under these circum-

stances is of a much richer green. Cauchy's formulae for metallic

reflection may be obtained from Fresnel's sine and tangent

formulas, by assuming that /x (= sin ij sm r) is a complex quantity

of the form Re'* ; but the experiments of Jamin, and the calcu-

lations of Eisenlohr, show that the real part of fi? must be

negative, which requires that o should lie between 45° and

90°. In fact, for silver, Eisenlohr finds that o = 83°. Lord

Rayleigh, on the other hand, has shown that, if we attempt to

explain metallic reflection by introducing a viscous term into the

ordinary equations of motion of an elastic solid, physical con-

siderations require that the real part of fx^ should be positive ;

he has also shown that a similar objection lies against attempt-

ing to explain metallic reflection on the electro-magnetic theory.
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by taking into account the conductivity. If, however, we start

with von Helmholtz's theory, and introduce a viscous term into

the equations of motion of the matter, it will be found possible

for the real part of ju^ to be negative, provided the free peiiod of

the matter vibrations lies between certain limits. We are thus

able to construct a mechanical model of a medium which re-

presents the action of metals upon ethereal waves, and which

leads to the same formulae for the amplitudes of the reflected

waves as those given by Cauchy.
—The contacts of systems of

circles, by A. Larmor.—On a class of automorphic functions, by
Prof. W. Burnside.—Note on the identity 4(x>-i)/(jr i) =
Y- ±/Z^ by Prof G. B. Mathews.—On the classification of

binodal quartic curves, by H. M. Jeffery, F.R.S.—Researches
in the calculus of variations ; discriminating conditions in iso-

perimetrical problems, by E. P. Culverwell.—Note on Clifford's

paper
" On syzygetic relations among the powers of linear

quantics," by Prof. Cayley, F.R.S.—Note on finding the G
points of a given circle with respect to a given triangle of

reference, by J. Griffiths.

Linnean Society, November 19.
—Prof. Stewart, President,

in the chair.—Mr. S. Jennings exhibited a collection of wild

flowers made by him during a recent tour through the Rocky
Mountains, California, and Mexico.—Prof. G. B. Howes ex-

hibited some dissections of fish crania made by his pupil Mr.

R. H. Burne, in which the parts of the skeleton were so

displayed that they might be studied in relation to the rest of

the head and to the leading cranial nerves.—Mr. E. F. Cooper
exhibited specimens of a new variety of Potamogeton from

Loughborough, lately described and figured by Mr. Alfred

Fryer {/otirn. Boi., October 1891).
—Mr. A. W. Bennett

exhibited and made remarks upon some specimens of Hydro-
dictyon utriculatum, Roth. {H. reticulatutn, De Toni), and
some drawings of anomalous Cypripedium and Disa.—Mr.
W. Carrulhers, F. R. S., gave a graphic account of a recent

•visit to Sweden in search of original portraits of Linnaeus, and
detailed the results of his inquiries. His remarks were illustrated

by an exhibition of engravings and photographs.
—A paper was

then read by Mr. Thomas Hick, on a new fossil plant from the

Lower Coal-measures. An interesting discussion followed, in

which Mr. Carruthers, Mr. G. Murray, Prof. F. O. Bower, Prof.

Marshall Ward, and others took part.

Paris.

Academy of Sciences, November 23.
—M. Duchartre in the

chair.—On some manuscripts with figures of historical interest

relating to artillery and mechanical arts towards the end of the

Middle Ages, by M. Berthelot. Some manuscripts from libraries

at Munich, Venice, and Paris have been examined, and appear
to be of interest as marking a stage in the development of

applied sciences. A few of the mediaeval figures are reproduced :

one represents a diver in his costume
;
two others show primitive

cannon, and one a small-arm used in the fifteenth century.
—

Preparation and properties of the phosphides of boron, by M.
Henri Moissan. By the use of boron phosphoiodide, two boron

phosphides may be obtained. The compound PB combines
with HNOgjHjO with incandescence, and inflames in an

atmosphere of chlorine in the cold. The compound P3B5 is

much more stable, and is not acted upon in the cold by these two

reagents.
—On some variations of the glycolytic power of the

blood, and on a new method of experimental production of

diabetes, MM. R. Lepine and Barral.—M. A. Potier was elected

a member of the Academy in the place of the late M. Edmond
Becquerel.

—Rhumi of a verbal report on a note by Prince

Tourquistanoff, entitled
" Le Calendrier verificateur," by M.

Wolf.—Resume oi 2i. verbal report on a note by M. de Cohorne,
entitled

" Le Regleur solaire," by M. Wolf.—Observations of

the total eclipse of the moon of November 15, made at Bordeaux

Observatory, by M. G. Rayet.
—Remarks «/rf/>^j of the observa-

tion of M. Rayet as to the possibility of photographing the moon
during a total eclipse, by M. A. Gautier.—Remarks on M.

Rayet's communication, by M. J. Janssen.
—Researches on the

motions of stars in the line of sight made with the Paris

Observatory siderostat, by M. Deslandres. (For the last four

communications, see Our Astronomical Column.)—Remark on a

communication by M. Markoff relative to linear differential

equations, by M. Painleve.—On the flow^f liquids in capillary

tubes, by M. Albert Colson, The influence of temperature on
the rate of flow of viscous liquids is seen from the following com-

parison of the times in which 5 c.c. of glycerine passed through
the tube :

—

Temperatures
Duration of flow

21" ... 100" ... 150° ... 250° ... 265*
8h. ... 3601. ... 114s. ... 40-5S. ... 33s.

The same tube passed 5 c.c. of water at 20" in 34 seconds. The
author divides the liquids he has experimented upon into two

classes, distinguished by being perfectly and imperfectly mobile.

Ethers and aldehydes are representatives of the former class, for

they appear to obey Graham's law that the duration of flow, or

rather the rate of diffusion, is inversely proportional to the

square root of the density. The values found for ^— in this

class of liquids is practically constant. On the other hand, the

liquids imparfaitement mobiles, such as alcohols and benzines,
furnish irregular values.

—Mechanical determination of the position
of the atoms of hydrogen in organic compounds, by M. G. Ilin-

richs.—Aniline black in dyeing by the dry method, by M. A.
Gautier.—On a codeine violet, by M. P. Cazeneuve.—On the
distribution of saccharine matters in the different parts of the
edible Cipe {Boletus edtdis. Bull.), by M. Em. Bourquelot.

—On
the existence of veins of leucite in a Mont Dore basalt, by M.
A. Lacroix. Leucite has not before been recognized in any of
the volcanic rocks of the central plateau of France. The author

fully describes the petrological characters of the specimens he
has discovered, and also their peculiar mode of occurrence.—
Earthquakes, submarine eruption, and elevation of land at Pan-

tellaria, by M. A. Ricco. Earthquake shocks were felt at

Pantellaria on October 14. On October 18, the sea to the west-

north-west of the island, at a distance of about 5 kilometres,
was seen in violent commotion, and a band of land about i kilo-

metre long appeared, from which were ejected masses of heated
rock and vapour. On approaching the place of eruption, a

large number of dead fishes were found, and it was seen that

the band was composed of an immense number of black floating
masses of rock colliding together with great noise, and vaporiz-

ing the water over which they passed. On October 23 the

position of the erupted island was determined as lat. 36° 50' N.,

long, from Paris 9° 33' E. The island was then about 200 metres

long by 50 metres wide. The interior of some of the masses of

rock was still hot enough to melt zinc.
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GERMAN TECHNOLOGY FOR ENGLISH:
MANUFACTURERS.

A Theoretical and Practical Treatise on the Manufacture
of Sulphuric Acid and Alkali. By George Lunge,
Ph.D. Second Edition. Vol. I. Sulphuric Acid.

(London : Gurney and Jackson, 1891.)

The Alkali-maker's Hand-book. By George Lunge,
Ph.D., and F. Hurter, Ph.D. Second Edition.

(London : Whittaker and Co., 1891.)

SULPHURIC
acid plays a part, directly or indirectly,

m every manufacturing industry of civilized countries.

It has been said, indeed, that one could gauge the civiliza-

tion of a country by the amount of oil of vitriol it con-

sumes. It is satisfactory, therefore, to know that Great

Britain produces annually nearly a million tons of this

civilizing agent, or an amount but slightly less than that

made by all the rest of the world.

It is, however, a remarkable and not very creditable fact

that no English or Scotchman has been at any particular

pains to give his fellow-men an adequate description of

the details of manufacture of this civilizing agent. Of
course a certain number of books of a kind have appeared ;

but it has been left to a German Professor to give us the

first complete monograph on the subject. No one is more

competent than Prof. Lunge to write authoritatively

concerning the manufacture of sulphuric acid. For

eleven years previous to his election to the Professorship of

Technical Chemistry at the magnificently equipped Poly-
technic School which the forethought and patriotism of

the Swiss Government have caused to be erected at Zurich,
Dr. Lunge was the manager of a large alkali-works in the

north of England;; and he has added to the experience thus

gained by numerous visits to the other alkali manufactur-

ing districts of Great Britain, and to those of Belgium,
France, Germany, and Austria. His work, however, is

not wholly based on the results of personal observation
j

it reflects, in fact, the existing state of chemical literature

on the subject, for practically every important memoir or

communication, wherever published, bearing on the

manufacture, properties, or uses of sulphuric acid, is

referred to and judiciously criticized. Moreover, the

author's position, as director of one of the most modern
and in many respects one of the best-appointed labora-

tories in the world, gives him unique advantages in the

compilation of such a work ; for, surrounded as he is by
a band of earnest and enthusiastic workers, eager to aid

him in elucidating the theory of established chemical

manufactures or in investigating the validity of new pro-

cesses, he is able to throw light on many obscure reactions

by the systematic researches which he initiates, and of

which the results, so far as they relate to sulphuric acid or

collateral matters, are set forth in this book. It has been

frequently observed that, although iron and oil of vitriol

are among the most important of our staple products, we
know comparatively little of the many chemical reactions

which are concerned in their formation. The remark has,

however, lost much of its force within recent years, and

more especially in the case of sulphuric acid. During
the last few years the various changes occurring within
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the leaden chamber have been more carefully traced, and
much definite information has been gained as to the nature

of the interactions which result in the production of oil of

vitriol. For not a little of this information we are indebted
to Prof. Lunge and his pupils.

The present edition of this work differs in many
respects from its predecessor. The ten years which
have elapsed since the appearance of the first edition

have seen many important changes in the manufacture
of acid and alkali

;
and hence, with a view of bringing his

treatise within reasonable compass, Prof. Lunge has been

obliged to curtail much of the historical or merely re-

trospective portion of the work, and to omit matter which
deals with views and theories which may now be con-

sidered obsolete. In spite of all this, the book has greatly
increased in size, and nearly half the illustrations are

new. A comparison of the two editions shows that every

page has been carefully overhauled, and much fresh in-

formation is given, even on points which appeared to be
settled and accepted. The present edition is remarkably
free from press errors.

J
We have only detected two : on

p. 108, calcium "
bisulphate," should read "

bisulphite
"

;

and on p. 899 we read that SO3 is formed when lintestone

is burnt in oxygen, especially at increased pressures ;
of

course " limestone "
is a lapsus calami for

"
brimstone."

" The Alkali-maker's Hand-book," as it is now called,

has an accepted position in the laboratory literature of

the chemical works of this country. The book owes its

origin to a suggestion, made by Mr. Stroof, manager of

the Griesheim Alkali Works, to the German Society of

Alkali-makers, that a standard manual should be pub-

lished, with a view of securing uniformity in analytical

methods, tables of specific gravity, &c., to be employed
by buyers and sellers for the valuation of chemicals, and

by manufacturers for controlling and superintending their

various processes, in order to avoid disagreements, and
to secure exact comparison of results. A small com-
mittee of the Society was appointed, and Prof. Lunge
was commissioned to collect and sift the materials for

such a manual. The present work is the outcome of

this action. The great danger of a book of this kind is

that it is apt to get stereotyped, in the extended and

figurative sense of that word ; and that, owing to the

natural conservatism of manufacturers, who are loth to.

disturb arrangements which are found to satisfy com-
mercial necessities, there is the possibility that it may fail

to reflect the state of quantitative analysis of the time.

So long, however, as the work remains under the direc-

tion of Dr. Lunge and Dr. Hurter, there is very little

chance of such a fate overtaking it. The present
edition gives abundant evidence that care is being taken

to make the book a faithful record of the condition of

contemporary quantitative analysis. The work is con-

veniently arranged and well printed. We would take

exception, however, to the character of the illustrations :

these compare most unfavourably with those in Dr.

Lunge's larger work. Simple outhne drawings, like that

of the nitrometer on p. 113, would be far preferable to the

ill-drawn, ill-cut, and ill-printed designs which disfigure the

book. Much of the value of the book depends, of course,
on the care and accuracy with which the tables of

chemical contents are compiled. We do not regard,

G
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Tiowever, the value 122 as the atomic weight of antimony,
and we strongly protest against the continued use of

197T8 as the atomic weight of platinum. We are aware

of the reasons which have led to the adoption of this value,

but not even a " Potash Convention
" has the right to play

fast and loose with a stoichiometric constant to the extent

of nearly 3 units from the truth. Similar tricks were played
in the old days with the atomic weights of sodium and man-

ganese for commercial purposes. Let the Potash Convention

agreeamong themselves to adopt any correction they please

on their analytical results with a view of rendering them

more accurate ; but they have no right to tamper with an

atomic weight in order to compensate for the imperfec-

tions of their quantitative methods. For table 22, show-

ing the volumes of water at different temperatures, we
should have preferred to use the more accurate table of

Rossetti, which gives the mean results of the observations

of Kopp, Pierre, Despretz, Hagen, Matthiessen, Weidner,
and Kremers, and thereby tends to eliminate errors due

to the employment of a special method, such, for

example, as the dilatometrical method. We may also

point out that the table of solubilities of certain gases in

water is not based on the most modern data. Bunsen's

values for oxygen have been superseded by the more

accurate numbers of Winckler, Dittmar, and Roscoe and

Lunt, Sonden and Petterson
;
and the original statement,

based apparently on the work of Carius, that hydrogen is

equally soluble in water at all temperatures between 0°

and 20"", has been shown to be erroneous by Bohr and

Bock and Timofejew.
There is a passage in the preface of Prof. Lunge's larger

work which may serve to indicate the difference with

which the scientific aspect of his business is regarded by
the English and Continental chemical manufacturer. In

presenting his book to English manufacturers, Dr. Lunge
ventures to express the hope that they will not think it

too
"
scientific." He counsels them not to despise the

purely ghemical detail which they will find in it. There

is, it may be thought, a certain element of humour in

these remarks. But Prof. Lunge is very much in earnest.

He very well knows that we are still ruled by the rule of

thumb in these things ;
the "

practical man "
still domi-

nates, and nothing but the inevitable adverse dividend

will move him out of the way. To what consequences
the neglect of a scientific treatment of a practical subject

leads, Prof Lunge illustrates from his personal ex-

perience. He tells us that he left his native country for

Great Britain rather more than five-and-twenty years

ago, because industrial chemistry was but little developed

in Germany :
—

" The manufacture of sulphuric acid, soda-ash, and

bleaching-powder was at that time quite insignificant in

Germany, and not very considerable in France as coni-

pared with Great Britain ;
nor could the technical appli-

ances, the yields, or even the purity of the products in

the two former countries vie with those of the latter."

How different matters are now is notorious :
—

"The manufacture of chemicals has made enormous
strides forward, both in quantity and quality, in France,
and even more so in Germany. Many of the chemicals

of these countries outstrip those of English works in

purity ;
and their plant and their processes are frequently

superior to those used in the majority of English works.
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Everybody knows how this has come about. The foreign
chemists and manufacturers have looked all round, not

merely in their own countries, but wherever they could
find improved methods and apparatus ; and upon the

practical knowledge thus gained they have brought to

bear the scientific training they had received at their

Universities and Polytechnic schools. Thus they have

already, in many fields formerly remunerative to British

manufacturers, distanced the latter, immensely aided

though these be by their long occupation of the ground,
and by permanent natural advantages, such as cheapness
of coal and freight, and their superior command of capital,
&c.

; and this is likely to go on to an increasing extent if

many British chemical manufacturers decline to profit
from a scientific study of their respective branches."

No one who has had the opportunity of comparing
German chemical works with those of this country can be

blind to the truth of these remarks. In certain branches

of manufacture we are now absolutely distanced by the

Germans, and in branches, too, which by priority of start

and by every natural advantage ought to have been our

exclusive possession. In the case of some of these we

can hardly hope to recover our lost ground. Attempts
have not been wanting, but it has to be admitted that

British pluck and British capital have been hopelessly

beaten by German energy and German capital plus

German foresight and enlightenment. In some of these

industries we may still hope to have a part, but it can only

be a secondary one ;
and if things go on as hitherto, we

must be content to be as the hewers of wood and the

drawers of water. As we sow so shall we reap ;
and as we

have sown little, it is but little that we may expect to

garner.
The development of industrial chemistry in Germany

during the last twenty years, and especially in those

branches which depend upon the higher and more recon-

dite branches of the science, has been amazing. In the

manufacture of organic products the Germans and Swiss

practically command the markets of the world
;
nor is

there the least indication that their monopoly in the case

of such products as demand scientific training and skill

will be or can be assailed by us at present.

Some months ago the writer was required to inspect

and report upon the best examples of modern chemical

laboratories to be met with on the Continent, with special

reference to the work of instruction in chemical research,

and in the higher branches of chemical teaching. The

advice he received was most significant, and illustrates

very strikingly the attitude of the German chemical

manufacturer towards the science of his business
"

If

you want to see how organic chemistry should be worked

at," said Prof. Kekul^,
"
go to some of our manufactories :

they show us the way now. The men whom we have

trained in our academic laboratories have bettered their

instruction and teach their teachers." Precisely the same

counsel was given by Prof. Victor Meyer :

" Do you wish

to see how chemical research can be organized t Then

go to Ludwigshafen." And to Ludwigshafen we went.

The mental impression of that spectacle of "
organized

research
" on the banks of the Rhine will not soon be

effaced. The sight, indeed, would constitute a u§eful

object-lesson to the legislators who have sought to grapple

with the subject of secondary education by handing it

over to the country gentlemen. The very existence o
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such gigantic concerns as Meister, Lucius, and Briining,
and the Badische Anilin und Soda Fabrik, with their

thousands of workmen, their splendidly equipped labora-

tories, and their scores of well-trained investigators, the

product of the most advanced chemical instruction that

the most eminent teachers in the world can impart, is a

sufficient indication of what " the scientific treatment of a

practical subject
" leads to.

Some days after his visit to Ludwigshafen, the writer

met Prof, von Baeyer at Munich, and the talk was of

Hochst and Ludwigshafen, and the influence which these

and many such places must have on the industrial position
of Germany.

" And do you know to whom we owe all

this .^" asked Baeyer. There was but one answer: "To
Liebig." "You are right. It is to Liebig and the

Giessen laboratory." What the Augustinian cell at

Wittenberg was to German theology, the little University

laboratory was to German chemical science.

" The foundation of this school," says Hofmann, who
was himself one of its products,

" forms an epoch in the

history of chemical science. It was here that experi-
mental instruction, such as now prevails in our labo-

ratories, received its earliest form and fashion
;
and if at

the present moment we are proud of the magnificent
temples raised to experimental science in all our [Ger-
man] schools and Universities, let it never be forgotten
that they all owe their origin to the prototype set up by
Liebig half a century ago."

Bureaucracies, being human institutions, have occa-

sionally been known to err, but that bureaucrat who—by

recalling the two Prussian students who had dared to

seek the instruction in Hesse-Darmstadt which they failed

to get in their own State—raised the storm of indignation
which found eloquent expression in the famous letters

that roused Germany and Austria to a sense of what

science could do for their material interests, has deserved

a better fate than oblivion. T. E. Thorpe.

DIPHTHERIA.

Diphtheria : its Natural History and Prevention. By R.

Thorne Thome, M.B., F.R.S., &c. (London: Mac-
millan and Co., 1891.)

'"T'HE volume before us is a republication of the Milroy
*- Lectures, delivered by Dr. Thorne Thorne before

the Royal College of Physicians in London, 1891 ; and all

must heartily congratulate the author on the ability with

which he discusses a complex and vastly important sub-

ject, and at the same time must be grateful to him for

having, by republication in a handsome form, made these

lectures accessible to a larger public.

Diphtheria is an infectious disease which was known
before the Christian era, and was fully recognized and

well described by Bretonneau in 1821. In this country it

has of late years undergone, both as to its diffusion and

mortality, a remarkable increase. While in former years

diphtheria was considered a purely
" rural

"
disease, of

late years its repeated occurrence in large towns has

raised it to an " urban "
disease ; so much so that,

" while

the metropolitan (death) rate (from diphtheria) for 1861-

70 was lower than that for the country generally, it

exceeded it during the two next periods, and the rise

which has taken place in the rate for 1881-89 is far in
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excess of the corresponding one for England and Wales."
" There is thus far evidence that diphtheria as a cause of

death is increasing in the country as a whole, and that

this increase is very conspicuous in our greatest urban

community
"

(p. 5). It is significant that, "concurrently

(pp. 80-81) with the diminution of enteric fever, owing to

advance of knowledge in the principles of health, and with

the resulting intelligent administration of our sanitary

laws, we find that the diphtheria death-rate is increasing
in our midst." " But it is, above all, in our large towns and
cities that this enlightened sanitary policy has been most
marked during the past twenty years ; . . . and yet,
whereas when, in the past, sanitary defects abounded in

our large centres of population diphtheria was essentially
a disease of rural districts, that disease is now invading
our more cleanly towns and cities to an extent unknown
in the annals of their more faulty past."

Now, what is this increase of diphtheria in general, and'

the
" formidable "

increase in the London mortality from

diphtheria in particular, due to.'' Although Dr. Thorne
abstains from supplying a direct answer to this question,
an attentive reader, after perusal of the enormous body of

facts which Dr. Thorne produces, will be in a position to

draw his own conclusions. This increase is certainly
not to be explained by the better recognition and more
correct classification of the disease (in the earlier returns

of the Registrar-General certain fornis of scarlatina, true

diphtheria, and certain non-diphtheritic forms of croup
are not well distinguished, in the later returns the dis-

tinction is carefully carried out), nor can this increase,

obviously, be due to any new condition as to soil, water,

and air. Dr. Thorne passes in review, and illustrates by
numerous examples, collected by the most competent

sanitary officers and inspectors, and minutely described in

the Reports of the Medical Officer of the Local Govern-
ment Board, the various conditions that have been, or

were suggested as having been, connected with the origin
and spread of various diphtheria outbreaks in this country ;

and a careful perusal of the immense body of facts re-

corded in this volume must impress the reader, not only
with the great caution with which Dr. Thorne draws his

conclusions, but with the admirably impartial way in

which he tells his story, and in which he pays due regard
to every detail, be it for or against. The one fact which
above all others stands out prominently, and which it

behoves everyone connected with our present system of

compulsory school attendance carefully to consider, is

the unmistakable influence of
"
school attendance " on

diphtheria. Not the fact that diphtheria spreads from a

child affected with diphtheria to another child with which
it is brought in contact, either at school or at play or

otherwise—a fact only too well known and unfortunately
often enough actually illustrated

;
but the fact that

"school influence"—that is, an influence affecting
children aggregated in a confined space

—has an im-

portant bearing on the generation of true diphtheria.
This "'school influence' tends to foster, diffuse, and
enhance the potency of diphtheria ;

and this, in part at

least, by the aggregation of children suffering from that

sore throat which commonly is prevalent antecedent to,.

and concurrently with, definite diphtheria" (p. 219). Dr.

Thorne devotes a considerable portion of chapter iii. to

the consideration and discussion of this important subject,.
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-and brings forward evidence, collected by himself before

and after 1878, and by a number of well-known health

•officers and co-workers (Mr. W. H. Power, Dr. David

Page, Dr. Jacob, Dr. Bruce Low, and others), which

conclusively proves and confirms Dr. Thome's proposi-

tion, first enunciated by him in 1878. Over and over

again has it been shown (chapter iii.) that, in schools

frequented by children some of whom were affected with

simple sore throat, outbreaks of true diphtheria have

occurred, for the explanation of which no antecedent

case of diphtheria, nor any of the generally assumed in-

sanitary conditions, could be brought forward. It is on

these grounds that Dr. Thorne justly insists on a con-

tinued and careful inspection of the throats of the children,

and on immediate separation from school of any child

affected with sore throat.

The part that milk plays in the dissemination of

diphtheria is fully discussed, and illustrated by a number

of epidemics that have been recorded in the Reports of

the Medical Officer of the Local Government Board
;

and the important relation of diseases of the lower

animals, particularly of cows and cats, is also described

and illustrated by epidemics in chapter iv. Last, but not

least, Dr. Thorne considers the question of prevention

-and isolation. By his office as Assistant Medical Officer

of the Local Government Board, and from an experience

extending over many years, he stands in the unique

position of the very best authority, whose conclusions and

recommendations deserve carefully to be studied by

managers and owners of schools, by hospital authorities,

by sanitary officers and Boards of Health, by the owners

•of dairies, and by all those to whom the health of the

community ought to be of paramount importance.

THE NEW YORK MA THEMA TICAL SOCIE TV.

Bulletin of the New York Mathematical Society, a

Historical and Critical Review of Mathematical

Science. Vol. L No. i, October 1891. (New York: for

the Society.)

WE have occasionally wondered that now the study

of mathematics is so diligently and successfully

prosecuted across the Stream, there was no Society to

bring together all such persons as were willing
"
to

encourage and maintain an active interest in mathe-

matical science." The "
Organization of the New York

Mathematical Society" gives a list of 174 members,
mostly Professors of Mathematics or Astronomy. The
President is Mr. Emory McClintock, a Vice-President of

the Actuarial Society of America, who is also a member
of the London Mathematical Society, and a contributor

of some excellent memoirs to the American Journal of
Matheviatics. The constitution embraces six articles, and

there are ten by-laws. These are apparently founded

upon the rules which have been drawn up for other

similar Societies. The date of the pamphlet {i.e. the
"
Organization, &c.," cited above) is June 1891. From a

circular we gather that the Society has only recently

inaugurated the present state of affairs, for this document

states :
—

" The New York Mathematical Society has consisted

in the past of most of the professors and instructors of

mathematics at the several Colleges situated in New 1

York and the vicinity, the actuaries of a few of the larger |
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life insurance companies, and a number of other persons
interested in higher mathematics. /\t present an exten-

sion of membership is in progress."

Then it goes on to say :
—

" The Society is about to undertake the publication
of a periodical review of pure and applied mathematics.
The idea is not to -enter into any competition with

the American Journal of Mathematics, the Annals

of Mathematics, or any other similar journal, but it is

proposed to publish, primarily, historical and critical

articles, accounts of advances in different branches of

mathematical science, and reviews of important new

publications ;
also resumes of lectures before the Society,

short contributions from members and correspondents,
and general mathematical news and intelligence. Such a

periodical, if circulated extensively, will do much to incite

an interest in mathematical studies, and to maintain the

interest of those who, having pursued such studies, are

now perhaps at a distance from others of like tastes and

training. It will appeal to many that our mathematical

journals do not reach."

We have allowed the Society to state its aims : these

have been sanctioned by Profs. Newcomb, Woolsey

Johnson, and Craig (associate editor of the American

Journal of Mathematics). We wish the Society every

success in their endeavour "
to promote a long-needed

spirit of active co-operation, and to establish a bond of

union between American mathematicians."

The Bulletin contains an article on "
Octonary

Numeration," by Prof. Woolsey Johnson. The con-

cluding paragraph is as follows :
—

" As there is no doubt that our ancestors originated the

decimal system by counting on their fingers, we must, in

view of the merits of the octonary system, feel profound
regret that they should have perversely counted their

thumbs, although Nature had differentiated them from
the fingers sufficiently, she might have thought, to save

the race from this error."

The rest of the number is taken up with reviews of
,

several books, viz.
" The Teaching of Elementary Geo-

metry in German Schools" (review of Schotten's
" Inhalt

und Methode des planimetrischen Unterrichts," by Prof.

Ziwet) ;
Bertrand's

" Calcul des Probabilites
"
(by Prof.

Ellery Davis) ; Fine's
"
Number-System of Algebra" (by

G. Enestrom, of Stockholm) ;
and notices of works on

West African longitudes and South American longitudes

(by the treasurer, H. Jacoby). There are several short

notes and a translation of Picard's demonstration of

the general theorem upon the existence of integrals of

ordinary differential equations (by the secretary, T. S.

Fiske).

From this account it will be seen that there are no

mathematical memoirs read before the Society in this

part, but that such papers have been communicated

we learn from the fact that three are printed in the

current number of the American Journal of Mathe-

?natics, viz. one by C. Steinmetz (February 6, 1891), and

two by the President (March 6, 1891).

OUR BOOK SHELF.

Delagoa Bay : its Natives and Natural History. By
Rosa Monteiro. With Twenty Original Illustrations

after the Author's Sketches and from the Natural

Objects by A. B. and C. E. Woodward. (London:
George Philip and Son, 1891.)

Botanists and zoologists alike will remember the

services rendered to science by the late J. J. Monteiro,
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in conjunction with his wife, both in western and eastern

tropical Africa, and his modest volumes on Angola and
the River Congo, dedicated to his partner in the pleasures
and dangers of life in a tropical climate, and his zealous

aid in the collecting of objects of natural history. He was
one of the three almost contemporaneous discoverers of

that very remarkable plant the Wehvitschia mirabilis—
the others being Welwitsch and Baines ; and he sent

some of the finest specimens of it in existence to this

country.
After the loss of her husband, Mrs. Monteiro returned

to Delagoa Bay, and spent five years in solitude, in the

cottage built for her under happier circumstances,

devoting her time to collecting insects, birds, and other

natural objects, and studying the life-history of insects

and their relations to plants. The present book is an

unpretentious narrative of her life and labours during that

period, and a record of her observations and her experi-
ments in breeding insects, illustrated with some of her

own discoveries in the animal and vegetable kingdoms.

A Hand-book ofIndustrial Organic Chemistry. By Samuel
P. Sadtler, Ph.D. (Philadelphia: J. li. Lippincott

Company, 1891.)

In this book Prof. Sadtler has attempted to compress into

about 500 octavo pages an account of those manufactures

which depend upon the applications of organic chemistry.
For what particular class of readers such a book is in-

tended is rather difficult to determine. The scientific man
is hardly likely to consult it in preference to the numerous

special manuals to which he has access ;
and to the manu-

facturer the book is practically useless, owing to the com-

parative absence of all working detail. Considering the

volume of literature which is required to give an approxi-

mately adequate representation of one industry alone—
viz. the tar-colour manufacture—it would seem hopeless
to expect anything of value from a chapter on the arti-

ficial colouring-matters, which, in well-leaded "roman

spaced," attempts to give in 45 pages an account of

the production and chemical nature of the numerous
artificial and natural organic colouring-matters used in

the arts, including their identification, chemical analysis,

and detection on dyed fabrics. Certain of the other sub-

jects are. it must be stated in fairness, treated with greater
detail

; and, as we should expect from Dr. Sadtler's con-

nectionas an expert with the mineral oil industry, his de-

scription of the manufacture of petroleumand its associated

products is reasonably complete. So also is the account of

the cane-sugar industry. But, with the exception of the

bibliographical and statistical information which occupies
a relatively large share of the space devoted to each article,

we see little else to commend. The book, however, is

well got up ; the paper and printing are all that can be

desired, and the illustrations are, as a rule, much better

executed than is usual in works of this class.

Progressive Mathematical Exercises. First Series. By
A. T. Richardson. (London : Macmillan and Co.,

1891.)

The examples contained in this book are of the most

elementary nature, and are intended for the use of

those who have got no further than quadratic equations.
In this series the exercises only deal with arithmetic

• and algebra, and are arranged in sets of papers which

gradually become more difficult. The examples in arith-

metic commence by dealing with the first four rules,

simple and compound, and fractions ;
while those in

algebra consist mostly of numerical values, addition and

subtraction. Cube root and compound interest in arith-

metic, and quadratic equations in algebra, form the highest
limit to which these subjects are carried in this series.

Throughout the work the author seems to have paid

great care to insure accuracy in the answers ;
and
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though we have worked out many problems, picked out-

at random, we failed to find any errors.

We may mention that, in working through the papers,
the beginner will occasionally come across examples
which appear to be far above the average standard ; but

these, on trial, will always be found very simple, and are

placed there with the intention of encouraging boys to

look up methods they have not reached, and so to find

that "a little research enables them to do a new sort of

question."
Teachers and taught alike should find this book a

useful adjunct to the text-book they have in use. W.

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 intendedfor this or any other part of 'i^A.TV^v..

No notice is taken of anonymous communications.
"[

The Implications of Science.

It would be a great misfortune if such views as were expressed

by Dr. St. George Mivart in a lecture delivered under the segis

of the Royal Institution, and reported at length in your columns

(pp. 60 and 82), were allowed to pass unchallenged. In case no

abler challenger appears, will you allow me to say a few words

about "the implications of science"?
The great objection I take to Dr. Mivarl's view is, that he

does not appear to recognize any distinction between a real and

a verbal truth. He apparently puts our knowledge of " the

law of contradiction
"

into precisely the same category as our

knowledge of "our own continuous existence,'' and draws but

a slight distinction between these items of knowledge and such

an item as the law of gravitation. Whereas, in fact, the so-

called "law of contradiction" is not a necessary truth at all, it

only expresses a verbal convention. It is not a law, but is of

the nature of a definition. On the other hand, our knowledge
of our own existence, iti the present, comes to us by direct ap-

prehension, and really is a "necessary truth" to each of us

individually ; though, since our knowledge of our existence in

the past depends on the accuracy of our memories, this latter

may easily be erroneous. That the memory exists is of course

indisputable, but it may well be that the fact it professes to

recall either took place differently, or even did not take place
at all. Our confidence in our memories depends upon induction
—

ultimately on inductio per enumerationem simplicei?t
—in just

the same way as our belief in the law of gravitation does, and

neither of these items of knowledge can therefore be necessary

truths, though we may well hold them with so strong a convic-

tion that the distinction may for practical purposes be ignored.
The "implications of science

" which Dr. Mivart insists on

are nearly all truisms (that is, purely verbal assertions)
—all

those to which he ascribes universal validity in any regions of

time or space are such. I may repeat here what I have said

elsewhere :

" The supposed peculiar certainty of mathematical

conclusions is solely due to the fact that they are truisms.^'

For example, the assertion " Two straight lines cannot inclose

a space
"

is certainly not a "
necessary truth." Either its terms

are defined by connotation, so that its truth depends solely on

those definitions, or else its terms are defined by denotation, as

representing real things in space, and the truth of the assertion

can only be proved by induction from actual experience with

those things. In the first case the truth is arbitrary, not neces

sary ;
and in the second case it might conceivably be false,,

as was shown by Helmholtz. It is of course true that the

imaginary dwellers on a sphere might still conceive what we call

"straight lines," but if they chose to reserve that term for

geodesies of their space they would be within their rights in

doing so. This is practically what Euclid does, and this is why
he requires "axioms" which are not necessary truths; even

though, in fact, they are true as far as we can test them.

So also there is no useful sense in saying that twice two must

be equal to four under any conditions of time or space. Doubt-

less, ?/the inhabitants of the Dog Star defined "twice," "two,"
and "four "as we do, then "twice two" would to them be

"four"
;

but to say that it was so could only give verbal in-



126 NA TURE [Dfxember IO, I 89 1

formation. And if the people in tlie Dog Star chose to define

four as I f I + I, the so-called
"
necessary truth

" would not

even be true ! Again, we do not "
recognize that what we know

'is' cannot at the same time 'not be,'" we define it to be so.

To know that anything "is," is indeed to possess real know-
ledge; but in order to conclude that therefore it cannot "not
be,

' we require no further knowledge, except as to the meanings
of the words employed in the argument. The " law of contra-

diction
"
never tells us whether anything "is" or "is not."

It only tells us that the terms "is" and "is not" are not

applicable to the same thing. This is part of the definition of

the terms. If anyone chooses to say a thing both "
is

" and "
is

not," there is no law against his doing so, only if he does so he
is not talking the Queen's English. Dr. Mivart is wrong in

speaking of the "objective absolute validity of the law of

contradiction." Its validity is not only not objective at all, but

even subjectively it is not absolute, but depends on the arbitrary

meanings assigned to its terms. It is exactly on a par with the

assertion that at chess one king cannot give check to another.

Edward T. Dixon.

Trinity College, Cambridge, November 29.

The Koh-i-Nur.

Absence from home and pressing business since my return

bave delayed my sending a reply to Prof. Maskelyne's second
article upon the above subject (Nature, November 5, p. 5).

So far as I can discern Prof. Maskelyne's primary object in

writing these articles, it is to endeavour to maintain the hypothesis

put forward by him many years ago ;
and with this object in

view he has made a number of statements, from which [ have
culled not a few that may be ranged under either of two heads—

firstly, those which I believe can be shown to be distinctly con-

trary to the evidence ;
and secondly, those which, if not directly

contradicted by the evidence, are quite unsupported by it.

In my first reply I gave samples of these statements which
afforded perfectly clear issues, and as these have been un-

answered, it is useless to refer to others in detail at present.
Some readers of what has already been written have ex-

pressed to me their regret that finality has not been attained

by this discussion. For my own part I have a feeling of

sincere regret at any additional confusion being introduced into

the subject. Some of the statements referred to may, unless a

warning be given, be quoted in the future, as others have been
in the past, by writers who may not have the means or may not
be willing to take the trouble to refer to the original authors.

There are several references in Prof. Maskelyne's last article

to authors with whose writings I have considered it to be my
business and duty to make myself familiar. I possess their

works, and of one of them I have recently published a detailed

commentary, while of another I have a commentary in course of

preparation. Among these authors are Garcia de Orta and

Chappuzeau, and Prof. Maskelyne's remarks lead me to con-
clude that he has not a very intimate acquaintance with their

writings and with those of some of their contemporaries. P>om
internal evidence it is practically certain that at the time Garcia
wrote his book he had not visited the .Mogul's Court, and could

not, therefore, have seen his jewels, though, for the sake of

argument. Prof. Maskelyne suggests he had. As for the dis-

credited Chappuzeau, whose malicious statements are quoted
without their refuta ion, I need only say that Prof. Joret's

investigations have cleared Tavernier of the charges of plagiar-

ism, &c.
,
which were made against him, and they have further

disclosed the fact that his own original manuscript documents,
from which the "Travels

"
were prepared, are still extant (see

preface to the second volume of my edition of the "Travels ").

Now, as to the De Boot mistake, to which Prof. Maskelyne
again refers as though it had an important bearing on the

subject, it is the case that Mr. King, in a footnote, pointed out

the error in De Boot's quoting as from Monardes. The footnote

does not occur in Mr. King's account of the diamonds, but

elsewhere. When I wrote, I had Prof. Maskelyne's quotation

{Edinburgh Review), as from Mr. King, before me, and thus I

was for the moment misled as to the extent of Mr. King's

knowledge. Seeing, then, that it was Prof. Maskelyne's mis-

quotation which misled me, his not having accepted my invita-

tion to explain, coupled with his crowing over me for having
been misled (by his own words), is one of the most extraordinary

features in this controversy. Two years ago I annotated my
original paper with the remark that Mr. King had noticed the
mistake of De Boot about Monardes, but it was then too late
to correct the press.
The confusion which has most unfortunately been introduced

into this subject by authors has now, it is to be fervently hoped,
culminated in the publication by Prof. Maskelyne of a figure of a

huge mounted jewel, which, going much further than his pre-
vious reference to it might have led one to expect, he labels
"The Mogul." What the authority may be for this sketch,
we are not clearly informed ; all, apparently, that can be
said for it is that

"
it speaks for itself." I cannot understand

how Sir John Malcolm can be responsible for it, at least as it is

labelled, because I know what he has published about the
Shah's jewels, especially the Darya-i-Nur and its companion the

Taj-e-mah. Kerr-Porter, Eastwick, and others who have de-
scribed the Shah's jewels, make no mention of the existence of

any such stone as this figure represents.
"It speaks for itself" ;

and I must venture by two alternatives
to hazard an interpretation of what it says. Firstly, the amor-

phous-looking mass may be intended to represent some uncut

stone, possibly a ruby ; but why should it be the Mogul's
diamond, which is known to have been cut ? Secondly, it seems
to be more probable that the figure may have been taken from
a native sketch which originally professed to represent, but

greatly exaggerated the size, and omitted the facets, of the
Koh-i-Nur. Prof. Maskelyne says it was accompanied by two
other stones in the same mount : so was the Koh-i-nur (see the

copies of the original model in the Tower and in several public

museums). The character of the mount is somewhat similar to

that in the Hon. Miss Eden's sketch of the Koh-i-Nur. This is

all that, as it appears to me, can be legitimately deduced from
this figure which has been left

"
to speak for itself."

As to Prof. Maskelyne's own sketch of the Koh-i-Nur, I

thank him for it, because I think it may perhaps serve to aid

readers who have not seen the original in accepting the hypo-
thesis put forward by me, that it had been mutilated after

cutting.

Through the kindness of Mr. L. Fletcher, F. R. S., Keeper of

the Minerals in the British Museum, I have recently had an

opportunity afforded me of seeing the original plaster model of

the Koh-i-Nur, and of comparing it with a glass model similar

to the one upon which my remarks as to the mutilation were

based, and I find them to be identical in form and all essential

details. V. Ball.
Dublin, November 13.

Pfaff's 'Allgemeine Geologie als Exacte
Wissenschaft."
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In this work (Leipzig, 1873) there is a speculation (on p. 162)

that in early geological times the carbonic anhydride, while yet
free on the surface of the earth, was sufficient in quantity to

exert a pressure of 356 atmospheres. If this had been the

condition of things at any time when the surface temperature
was below the critical temperature (30° "9 C), it follows that

abundant liquid carbonic anhydride flowed over the surface of

the earth, or floated upon the seas ; unless it be supposed,
which is not probable, that this quantity could be held in solu-

tion in the water. Other very important and interesting effects

are also involved. The statement of the 356 atmospheres has

been quoted without question by so high an authority as Dr.

Irving in his
"
Metamorphism of Rocks."

Pfaff''s result, however, is based on a statement of Bischof's

(as quoted by Pfaff"), that the calcium carbonate of all formations

would suffice to cover the surface of the earth to a depth of

1000 fiisse. Pfaft" takes 44 per cent, of this to be COj, and

assumes the specific gravity of the rock to be 2 "6.

On these data, and taking the fuss as = 0*3 metre (as stated

elsewhere by PfafF), the CO2 would exert a pressure, not of 356

atmospheres, but of 33 "2, approximately. It appears, in fact,

as if Pfaff's result was, through some oversight, calculated as

just ten times too great.

Perhaps there is some other explanation of the discrepancy.

But, lest it prove an error, I have thought well that attention

should be drawn to it, the statement being made on such high

authority. J. JOLY.

Physical Laboratory, Trinity College, Dublin.
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SEISMOMETRY AND ENGINEERING IN RE-
LATION TO THE RECENT EARTHQUAKE
IN JAPAN.

A T 6.38 a.m. on October 28, I was awakened at my
-^^*- house in Tokio by the long swinging motion of an

earthquake. There was no noise of creaking timbers,
and there were no shocks such as usually accompany
earthquakes. It was an easy swing, which produced
dizziness and nausea. As recorded by bracket seismo-

graphs this continued for ten or twelve minutes. During
the interval there was ample time to study ihe movements
of these instruments, and the conclusion that could not
be avoided was that rather than acting as steady points
these heavy masses were simply being swung from
side to side—horizontal displacement was not being
measured, but angles of tip were being recorded. That
many of our seismographs are useless as recorders of
horizontal motion whenever a vertical component of
motion is recorded, is a view that I have held for many
years, and therefore when these two have been recorded
in conjunction I have been inclined to receive the records
with caution.

Further, the measurement of vertical motion as recorded

by a horizontal lever arrangement can only be trusted if

we can assure ourselves that the advance of the waves
has been at right angles to the direction of the lever. If

this condition is not fulfilled, then the seismograph for

vertical motion may also become a tip-recording instru-

ment. As another indication that during "this particular

earthquake earth tips occurred, I may mention that the
water in a tank with perpendicular sides which is about

25 feet deep, 60 feet long, and 30 feet broad, rose quickly,
first on one side and then on the other, to a height of

3 or 4 feet—much in the same way that water would
rise and fall in a basin that was being tipped from side
to side.

Assuming \vhat is said to be correct, it must not be
concluded that modern seismographs are useless. For

earthquakes where the motion is horizontal, they give
records which practically are absolutely correct. When
vertical motion occurs, in many cases if not in all, the
records must be interpreted in a new light. The so-called

horizontal displacements may be employed in determining
the maximum slope of a wave, and if from an instrument

recording vertical motion we are assured that we have
measured the vertical height of a wave, we can at least

approximate to the length of the same. The period of
the waves being recorded, it follows that the velocity of

propagation may be calculated.

Although it seems possible to use our present bracket

seismographs as angle measurers, it is evident that there

are other types of instruments, where swing due to inertia

is minimized, which will act more satisfactorily. To
obtain a true measure of vertical displacement, the most
evident solution would be to use a number of lever

arrangements in different azimuths. Other methods may,
however, suggest themselves.

For the present our time is too much occupied with
outside observations to attend to instruments or to reduce
their records. Up to date it is known that nearly 8000

people have been killed, many having been consumed in

the burning ruins where they were entombed. At least

41,000 houses are level with the plain, and engineering
structures which have stood both typhoon and flood have
been reduced to ruin. In the middle of the stricken

district, which is near Gifu and Ozaki, it is doubtful

whether any ordinary building could have resisted the

violence of the movement ; but outside this, much de-

struction might have been obviated had attention been

given to the ordinary rules of construction, and to the

special rules formulated by those who have considered

the question of building in earthquake countries. In

many places so-called
"
foreign" buildings of brick and
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stone—undoubtedly put up in the flimsiest manner—lie

as heaps of ruin between Japanese buildings yet stand-

ing. Cotton mills have fallen in, whilst their tall brick

chimneys have been whipped oft' at about half their height.
Huge cast-iron columns, which, unlike chimneys, are
uniform in section, acting as piers for railway bridges,
have been cut in two near their base. In some instances
these have been snapped into pieces much as we might
snap a carrot, and the fragments thrown down upon the

shingle beaches of the rivers. The greatest efforts

appear to have been exerted where masonry piers carry-
ing 200-feet girders over lengths of 1800 feet have been
cut in two, and then danced and twisted over their solid

foundations considerable distances from their true posi-
tions. These piers have a sectional area of 26 x 10 feet,
and are from 30 to 50 feet in height. Embankments have
been spread outwards or shot away, brick arches have
f.illen between their abutments, whilst the railway line

itself has been bent into a series of snake-like folds and
Vummocked into waves. 'The greatest destruction has
taken place on the Okazaki-Gifu plain, where we have
oil the phenomena— like the opening of crevasses, the

spurting up of mud and water, the destruction of river

b.inks, &c.— which usually accompany large earthquakes.
At Okazaki and Nagoya the castles have survived. The
reason for this may be partly attributable to the better
class of timber employed in their construction, but

principally to their pyramidal form and to the fact that

they are surrounded by moats. Here and there a temple
has escaped destruction, partly, perhaps, on account of
the quality of materials employed in its construction,
but also in consequence of the multiplicity of joints
which come between the roof and the supporting columns.
At these joints there has been a basket-like yielding, and
the interstice of the roof has not, therefore, acted with its

whole force in tending to rupture its supports. On
the hills which surround the plain, although the motion
has been severe, the destruction is not so great. These
hills are granites, palaeozoic schists, and other rocks.

There is nothing volcanic. In the small cuttings where
the railroad passes from the hills out into the plain, no
effects of disturbance are observable, the surface motion

probably having been discharged at the faces of the

inclosing embankments. The general appearance out-

side the cuttings, however, is as if some giant hand had
taken rails and sleepers and rubbed them back and forth

until the ballast lying between them w&s formed into

huge bolster-like ridges. Crossing the hills and proceed-
ing to other plains, it is noticeable that there has been
more movement on the alluvium than on the rocks.

Earthquakes yet continue, and in the Gifu plain each
one is preceded by a boom as if a heavy gun had been
fired in some subterranean chamber. Although the sur-

vivors, who may number, perhaps, two millions, are,
for the most part, destitute, have witnessed the most
terrible scenes, and are yet surrounded by the dead
and the dying, yet there is no panic. They hear a
"
boomb," and run laughing to the middle of the street

to escape the shock which the unaccountable noises
herald. The Japanese have their feelings, but on oc-

casions of this sort there is no helplessness in conse-

quence of hysteria or mental prostration. As to what

happens with Europeans under like circumstances, I

must leave readers to consult history.

John Milne.
Tokio, November 7.

FURTHER RESEARCHES UPON AZOIMIDE,
N3H.

T^HE discovery of this remarkable compound of hydro-
-* gen and nitrogen by Prof Curtius, in the chemical

laboratory of the University of Kiel, formed one of the
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most interesting chemical events of last year. The ex-

traordinary nature of the compound—manifested by its

fearfully explosive properties, together with its acid cha-

racter, by virtue of which it forms salts with metals con-

taining only metal and nitrogen
—mark out for it a place

among the most attractive of hitherto discovered sub-

stances. It was first obtained by Prof. Curtius in the
form of a gas, by treating with soda a compound contain-

ing the organic radicle benzoyl in the place of the hydrogen
atom, and subsequently warming the sodium salt thus

produced with dilute sulphuric acid. The gas was de-
scribed as possessing a frightfully penetrating odour, and
as being absorbed by water with extreme avidity, forming
a solution of strongly acid properties, which liberates

hydrogen in contact with metals. So great, indeed, is

the affinity of azoimide for water, that in these earlier

experiments it was not found possible to collect the gas
in the anhydrous state. Shortly after the publication of
his first communication (see Nature, vol. xlii. p. 613),
an improved method of preparing the solution in water
was devised by Prof Curtius. It consisted in distilling
a soda solution of a derivative containing the radicle of

hippuric acid with dilute sulphuric acid. He was thus
enabled to obtain a tolerably large quantity of the aqueous
acid. By successive fractionation of this solution in water,
and finally distilling the last product of the fractionation
over fused calcium chloride, pure azoimide itself was

eventually isolated, and found to be a volatile liquid,

boiUng at 37°.

Owing to the terribly explosive nature of both the free

acid and its salts, the work has been attended with con-
siderable danger, and has, unfortunately, been delayed
by a lamentable accident which befell Prof. Curtius's

assistant, Dr. Radenhausen, who was seriously injured
by the explosion of a quantity of the anhydrous acid.

At length, however, Prof Curtius is able to publish some
further particulars concerning the acid and its salts, and
an important communication from him will be found in

the current number of the Berichte of the German Chem-
ical Society. The following is a brief account of these
further researches, together with a resume of the present
state of our knowledge of this interesting compound and
its derivatives.

Sources of Azoimide and its Derivatives.

Azoimide and its salts have been obtained from two
distinct sources, both organic. One source, the first

employed by Prof. Curtius, is benzoyl-glycollic acid,
•CgHgCO—O—CH2COOH ; the second is hippuric acid,
CfiHsCO—NH—CH.2COOH. During the investigation
of the reactions of his previously discovered compound
of hydrogen and nitrogen, hydrazine, N0H4, Prof Curtius
found that both benzoyl-glycollic and hippuric acids
reacted with hydrazine hydrate, forming hydrazine
•derivatives.

Benzoyl-glycollic acid reacts with two molecules of

hydrazine hydrate, forming benzoyl hydrazine, CgHgCO—NH—NH9, and the hydrazine derivative of acetic acid,

NHj—NH—CH2COOH, with elimination of water. When
benzoyl hydrazine is treated with nitrous acid, it is con-

,N0
verted into a nitroso derivative, CgHjCO—N/

\NH2
This nitroso compound is a very unstable substance ; it

spontaneously parts with water, and becomes converted
rto the benzoyl derivative of azoimide, benzoyl-azo-imide

C II5CO—N^ '-•

. This latter compound forms a direct
^N

starting-point for the preparation of azoimide. Upon
boiling with alkalies an alkaline salt of azoimide is
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formed, together with benzoate of the alkali. Thus with
soda

CgHgCO—N< I

+ 2NaOH =
\n

CgHsCOONa + NaN< i

+ HgO.
\n

When the sodium salt of azoimide is distilled with dilute

sulphuric acid, azoimide escapes as a gas, which con-
denses along with water in the form of an aqueous
solution.

Hippuric acid reacts with one molecule of hydrazine
with formation of hippuryl hydrazine, CeHgCO—NH—
CHoCONH—NHo. When this substance is treated with
nitrous acid, a compound is obtained which was at first

considered to be a nitroso compound, but is now dis-

covered to be in reality a diazo compound possessing the
constitution CsHsCO—NH—CHoCONH—N=N—OH.
This substance may be isolated in quantity, and yields
salts of azoimide directly upon treatment with alkalies.

If soda is employed the sodium salt of azoimide is ob-

tained, i-from which azoimide itself may, as before, be
liberated by distilling with dilute sulphuric acid. It is

more convenient, however, as will be described later, to

employ it directly for the preparation of the ammonium
salt of azoimide by saturating its alcoholic solution with
ammonia gas ;

from the ammonia salt, if desired,
azoimide itself may be obtained by converting it into the
insoluble silver salt, and distilling the latter with sulphuric
acid.

Preparation and Properties ofthe Soditnn Salt of
N

Azoimide, Na—N<( \\
.

^N
The method of preparing the sodium salt of azoimide,

now adopted as most convenient by Prof. Curtius, is

somewhat different from the earlier one just described,

although based upon the same lines. Instead of benzoyl-
glycollic acid, ethyl benzoate, CgHgCOOCoHg, is em-

ployed. This substance is converted readily into benzoyl
hydrazine by treatment with hydrazine hydrate :

CeHsCOOCaHj + N2H4 . H^O
= CgHgCONH—NH.2 + CoHgOH + H2O.

The benzoyl hydrazine is next treated with sodium
nitrite and glacial acetic acid, whereby it is quantitatively
transformed into benzoyl azoimide, the benzoyl derivative
of the new acid :

CfiHg . CONK—NH2 + HNO2 = CgHgCO—N3 + alljO.

The benzoyl azoimide thus obtained is finally dissolved
in an equal weight of absolute alcohol, and the equivalent
of an atom of sodium is also dissolved in a little absolute

alcohol, and the two solutions mixed ; the mixture is then

digested for several hours upon a water-bath, when the
sodium replaces the benzoyl radicle, and ethyl benzoate is

regenerated :

CsHgCO—N3 + CoHgONa = C6H5COOC2H3 + Na—N3.

Upon cooling, the solution deposits crystals of the
sodium salt, and the remainder may be precipitated from
the mother-liquor by means of ether. The ethyl benzoate
is recovered by distillation with very little loss, and may
be employed again for the preparation of a further

quantity of the sodium salt of azoimide.
The sodium salt, NaN3, obtained by this method is

substantially pure. It is very soluble in water, but is,

strangely enough, not hygroscopic. It is almost insoluble

in ether and alcohol. It gives a feebly alkaline reaction,
and possesses a briny taste. The crystals do not explode
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by percussion, but do explode when heated to a tempera-
ture which is higher than in the case of most other salts of
azoimide. The explosion is accompanied by the produc-
tion of a brilliant yellow flame and a detonation which is

less loud than in the case of other salts. The salt is

not volatile, and is not changed by evaporation of its

aqueous solution.

Preparation and Properties of the Ammonium Salt,

NH.—N

The ammonium salt, which is by far the most convenient
salt to start with for the preparation of the free acid and
its metallic salts, is best prepared from the curious diazo

compound of the amide of hippuric acid, CcHrCO—
NHCHaCO—NH—N^N—OH, before mentioned." This
substance is readily obtained in calculated quantity
by first acting with hydrazine hydrate upon the ethyl
ether of hippuric acid, and subsequently treating the

hippuryl hydrazine thus produced with sodium nitrite

and glacial acetic acid. Diazo-hippuramide appears to

be most prolific in its reactions. Prof. Curtius states

that it reacts with almost every class of organic and
inorganic bodies with which he has brought it in contact,
and generally without the application of external heat.

Thus, when treated with water, alcohol, haloid ethers

(alkyls), aldehydes, free halogens, or hydrazine deriva-

tives of organic acids, it evolves free nitrogen gas, and
forms compounds which are derived from hippuramide
by replacement of a hydrogen atom in the N Hj group
by the radicle of the reacting substance. On the other

hand, when acted upon by alkalies, ammonia or

substituted ammonias (amines), or by diamide (hydra-
zine) and its derivatives, salts of azoimide are formed.
Thus last reaction, when ammonia is employed, forms
the most convenient mode of obtaining the ammonium
salt of azoimide.

About a pound of diazo-hippuramide is placed in a
flask of 2 litres capacity, and covered with 600 grams
of 85 per cent, alcohol. The flask is then placed in a

freezing mixture, and ammonia gas is led in until the

liquid is saturated with it. The flask and contents are
then allowed to stand twenty-four hours in order to com-

plete the reaction, when the diazo compound is quanti-
tatively converted into hippuramide and the ammonium
salt of azoimide :

CgHsCO—NHCH„CO—NH—N—N—OH + 2NH3
= CgHsCO—NHCH2CONH2 + NH4-N3 -t- H2O.

The liquid is then boiled, the flask being fitted with an

upright condenser, until no more ammonia escapes, when
the heat is removed, and the solution allowed to cool. After

standing another twelve hours, the clear alcoholic solution

is decanted from the mass of hippuramide crystals, and
treated with four times its volume of ether, when 70 per
cent, of the total yield of the ammonium salt is precipi-
tated in the form of a white powder. The remaining 30
per cent, of the azoimide may be recovered by recrystal-

lizing the hippuramide from water, adding the mother-

liquor to the ethereal-alcoholic solution after removal
of the precipitated ammonium salt, and treating the
whole of the liquid with solutions of lead, silver, or

mercurous salts, when the azoimide is precipitated in the

form of the difficultly soluble lead, silver, or mercurous
salts. The hippuramide is readily converted, by boiling
with hydrazine hydrate, into hippuryl hydrazine, which

may thus be used again for the preparation of more of

the diazo compound.
The precipitated ammonium salt is washed with ether

and dried in the air. The snow-white crystalline powder
thus obtained, consisting of fine anisotropic needles,

may be recrystallized from boiling alcohol. It is only

NO. I 154, VOL. 45]

sparingly soluble in absolute alcohol, but on boiling for

some time in a flask fitted with inverted condenser, the
whole passes into solution. Upon cooling, the salt sepa-
rates out in large colourless crystals, tabular in form, and
frequently aggregated in step or fan-shaped forms. These
aggregates often resemble those of ammonium chloride

very closely, but the crystals do not belong to the cubic

system. The crystals are readily soluble in water, and,
upon allowing the aqueous solution to evaporate in vacuo,
large transparent prisms are obtained, which, however,
soon become turbid in air.

The ainmonium salt of azoimide reacts in a feebly
alkaline manner. It is not hygroscopic, although so

readily soluble in water. It dissolves easily in 80 per
cent, alcohol, but, as above described, with difficulty in

absolute alcohol. It is insoluble in ether and benzene.
It is distinguished by its great volatility. When the

crystals are allowed to lie exposed to air, they gradually
disappear, eventually passing away entirely in the form
of vapour. Upon gently warming a small quantity of the
salt ill a test-tube to a temperature very slightly superior
to 100°, it sublimes like ammonium chloride, condensing
again, however, in brilliant little prisms. This operation
requires great care, for if the heating proceeds too

rapidly the substance explodes with great violence.

As may be expected, great difficulties were met with in

obtaining an analysis of a substance so explosive. Upon
attempting to determine its composition by combustion
with copper oxide in a stream of dry air, the apparatus
was destroyed upon each occasion with a fearful detona-
tion. Only one-tenth of a gram of the salt was em-

ployed, placed in a small platinum boat. At first the

compound sublimed out of the boat into the cooler por-
tion of the combustion tube ; the little sublimed crystals
then commenced to fuse into yellow drops, and imme-

diately this occurred, in each experiment, the tube was
shattered to fragments with a frightful report. The
platinum boat was in each case torn to fine splinters.

Eventually, however, Prof. Curtius succeeded in obtain-

ing a satisfactory analysis by performing the combustion
with copper oxide in a stream of carbon dioxide.

The ammonium salt may be readily converted into the

sodium salt by evaporation with caustic soda upon a

water-bath.

Preparation and Properties ofFree Azoimide, H—N'
.N

^N

An aqueous solution of azoimide may be prepared by
distilling any of its salts, preferably the sodium or silver

salts, with dilute sulphuric acid. It is more conveniently

obtained, however, by dissolving the crystals of diazo-

hippuramide in dilute caustic soda, warming the solution

for a short time upon a water-bath, so as to insure the

formation of the sodium salt, and subsequently distiUing
the liquid with dilute sulphuric acid. The latter is

allowed to drop slowly from a dropping funnel upon the

soda solution contained in a flask and maintained at the

temperature of ebullition. The flask is connected with a

condenser, and the azoimide, as it escapes, is carried

along with the steam, and condenses in the receiver in

the form of an aqueous solution. This solution may be

concentrated by precipitating it with silver nitrate, col-

lecting the insoluble silver salt, and distilling it with

sulphuric acid diluted with eight times its volume of water.

The aqueous solution of azoimide possesses a most
intolerable odour.

Free azoimide itself may be obtained by the fractional

distillation of the concentrated aqueous solution thus

prepared. The first fraction is collected separately and
refractioned. Upon repeating this process with four

successive first fractions, an acid containing over 90 per
cent, of azoimide is obtained, which distils at about 45°.

The last 10 per cent, of water may be completely removed
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by means of fused calcium chloride, after treatment with

which pure anhydrous azoimide distils over.

Azoimide is a clear, colourless, mobile liquid, which
boils without decomposition at yj^. It is endowed with the

same intolerable odour as the solution. Its most charac-

teristic property, however, is its frightful explosiveness.
It explodes in a most erratic manner— sometimes, without

the least apparent provocation, at the ordinary tempera-
ture. Its distillation is an operation attended with great

danger ; Prof. Curtius and his assistant have succeeded,
as above described, in isolating it and determining its

boiling-point several times ;
but upon other occasions,

under apparently the same conditions, the experiment
has ended with a disastrous explosion. When suddenly
heated, or touched with a hot body, it always explodes.
The explosion is accompanied by an intensely vivid blue

flame. The damage wrought by the explosion of very
minute quantites is most surprising. The thousandth

part of a gram, placed upon an iron plate and touched

by a hot glass rod, is sufficient to produce a loud de-

tonation, and considerably distort the iron plate. The
twentieth part of a gram was found sufficient to completely
pulverize a Hofmann "

density
"

apparatus, when an

attempt was made to determine its vapour-density in the
Torricellian vacuum at the ordinary temperature. Upon
another occasion, seven-tenths of a gram, contained in

a closed glass tube, upon removal from the freezing
mixture in which it had been immersed exploded with
such immense force as to shatter every piece of glass

apparatus in the laboratory. It was upon this occasion
that Prof. Curtius's assistant was so seriously injured as
to cause the temporary abandonment of the work The
aqueous solution is almost as explosive as the anhydrous
liquid, the explosion of two cubic centimetres of a 27 per
cent, solution upon one occasion shattering the glass tube
into dust so fine that Prof. Curtius, who was attempting
to seal it, escaped uninjured.
The anhydrous liquid readily dissolves in water and

alcohol. The aqueous solution is strongly acid to litmus.

Magnesium, aluminium, zinc, iron, and even copper are

rapidly attacked by it, hydrogen being evolved. Gold
and silver are likewise attacked, although not so rapidly.
In the case of gold a red solution of the gold salt is

formed ; the silver salt being insoluble soon prevents
further action in the case of silver.

The anhydrous cotripound appears to be decomposed
by concentrated sulphuric acid.

Other Metallic Salts of Azoimide.

The silver salt, Ag—N^ |:, is obtained in the form of

a white precipitate whenever a soluble silver salt is added
to azoimide, its aqueous solution, or solutions of its salts.

It resembles silver chloride very closely in appearance,
but is not darkened by the action of light. There is very
little difficulty in distinguishing between the two salts,

however, inasmuch as the silver salt of azoimide partakes
of the frightfully explosive properties of the free acid. It

is the most dangerous of all the salts to handle. In spite,

however, of this explosiveness. Prof. Curtius has once.,

and only once, succeeded in obtaining a determination of
its nitrogen content, by combustion in a long layer of

copper oxide. The number obtained was 27'65. The
value calculated from the formula AgNg is 28'oo. In

every other experiment the tube was shattered into

fragments, notwithstanding the finest subdivision and
distribution among the copper oxide.

Theprecipitated silver salt is soluble, like silver chloride,
in ammonia. Upon evaporation of the solution, however,
instead of obtaining an ammoniacal double compound,
the silver salt itself crystallizes out in almost colourless

crystals half an inch long. These crystals, as may be
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imagined, are most delicate objects to handle
; they

explode even upon breaking the prisms across. They
are almost perfectly insoluble in water.

The meicurous salt, HgNg, is likewise insoluble in

water, and may be readily obtained by precipitation of
the free acid or its soluble salts with mercurous nitrate.

It has the advantage of being more safely handled than
the silver salt, and is less sensitive to percussion. It also

requires a higher temperature to bring about explosion
by heating. It is usually obtained by precipitation in

the form of microcrystalline anisotropic needles. It

becomes coloured yellow when exposed to light. Like
mercurous chloride, it. forms a black compound with
ammonia.

The lead salt, PbNy, resembles lead chloride very closely.
It is insoluble in cold water, but dissolves somewhat in

boiling water, though not to such an extent as lead

chloride, about half a gram dissolving in a litre of boiling
water. Upon cooling, brilliant colourless needles, attain-

ing sometimes the length of half an inch, separate out.

It may be best obtained by precipitating the solution of
the sodium or ammonium salt with lead acetate. The
precipitate is soluble in excess of lead acetate. The
crystals of the lead salt explode with fearful force when
slightly warmed. By long boiling with water this lead

salt appears to be decomposed, anon-explosive lead com-

pound separating, and free azoimide escaping. Warm
acetic acid also dissolves it, with gradual decomposition
and liberation of azoimide.

The barium salt. BaN^, is readily obtained by neutraliz-

ing the acid with baryta, and crystallizes from solution in

large lustrous crystals. It is likewise a highly explosive

salt, and the explosion is accompanied by the production
of a brilliant green flame.

Ethereal Salts of Azoimide.

The metallic salts of azoimide may be readily converted
into ethereal salts by reacting upon them with haloid

ethers. The phenyl ester has been prepared by Prof.

Curtius, and is found to be identical in every respect with

the long known diazobenzene imide, CeH5N<' . The

aromatic esters are generally remarkably stable substances,,
and it was consequently found impossible to obtain azo-

imide by the direct saponification of diazobenzene imide
with soda. Within the last few months, however, Drs.

Noelting and Grandmougin, of Miilhausen, have succeeded
in preparing azoimide indirectly from diazobenzene imide,

by first diminishing somewhat the stability of the com-

pound by introducing two nitro groups into it. Upon
treating dinitro- diazobenzene imide with alcoholic potash,
the potassium salt of azoimide was at once formed. Upon
distilling this with dilute sulphuric acid, an aqueous solu-

tion of azoimide was obtained, and eventually anhydrous
azoimide itself, identical in all respects with that obtained

by Prof. Curtius.

Hydrazine Salt of Azoimide, N3H . N2H4.

This interesting substance, formed by the union of equal
molecules of the two remarkable compounds, hydrazine
and azoimide, whose isolation we owe to Prof. Curtius, is

a solid substance forming large well-defined crystals. It

is obtained when one molecular equivalent of hydrazine

hydrate (the preparation and properties of which were
described in Nature, vol. xliii. p. 205) is added to the

ammonium salt of azoimide, and the mixture, placed in a

shallow dish, is allowed to evaporate in a desiccator. It

is curious, also, that by adding a very concentrated aqueous
solution of azoimide, obtained by distilling 60 grams of

the lead salt with dilute sulphuric acid, to hydrazine

hydrate, until litmus is turned strongly blue by the mix-
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ture, one does not obtain, as might be expected, the salt

2N3H . N2H4 ;
on the contrary, the mono-salt, N.H . N2H^,

is again formed
;
and if the mixture is placed in a desic-

cator containing solid caustic potash and oil of vitriol,

crystals of the mono- salt are deposited, and the excess of
azoimide escapes and is absorbed by the potash.
The mono-hydrazine salt crystallizes in lustrous, aniso-

tropic prisms an inch long, which melt at 50°. They
rapidly deliquesce in air. They are soluble with difficulty
in boiling alcohol, and crystallize from the solution, on

cooling, in brilliant leafy crystals. The crystals burn

quietly with a smoky flame when brought in contact with
a flame, leaving no trace of residue. Owing to the strong
reducing power of the liberated glowing hydrogen, metallic
surfaces upon which the crystals may be ignited become
brightly cleaned, as if poHshed, being freed from the least
trace of oxide. When the crystals, however, are rapidly
heated, or touched with a white-hot wire, they explode
with fearful violence. The explosion may also be brought
about by detonating in the neighbourhood a little of one
of the metallic salts of azoimide. Even in the deli-

quesced state the substance retains its fearfully explosive
properties.

In conclusion, it may be remarked that Prof. Curtiushas
further succeeded in preparing a number of derivatives of
the as yet unisolated compound of hydrogen and nitrogen,
triamide, NHj,—NH—NH2, by the action of the hydra-
zine compounds of several organic acids upon diazo-

hippuramide. The organic radicles are so rigidly attached
in these derivatives that he has not yet been fortunate in

displacing them. It appears very probable, however,
that before long some means of effecting this object will

be discovered, and that Prof Curtius will further add to
his achievements by making us as familiar with triamide
as we now are with hydrazine and azoimide.

A. E. TUTTON.

BEAST AND MAN IN INDIA}
T^HE natives of India have been described from many
-* different points of view, but Mr. Kipling is the only

writer to whom it has occurred to give a full account of
their relations to animals. The task is one for which he is

admirably fitted, and he has fulfilled it in a way that
cannot fail to secure for the book an enduring place in

the literature relating to Indian subjects. The work has
considerable scientific value, not only because the author
presents the people of India in a new light, but because
he has much that is fresh to say about the animals to
which he refers. Animals have a great attraction for

him, and his notes on their habits have the brightness
and charm that belong only to records of direct personal
observation. The volume is enriched with many clever

illustrations, the majority of which are from drawings by
Mr. Kipling himself. Most of the others are from draw-
ings by native artists. Several of these illustrations we
are enabled to reproduce.-

There is a general impression in Europe that ani-
mals are treated kindly in India. This impression is

only in part confirmed by Mr. Kipling. It is true that
the Hindus, believing in the transmigration of souls, are
reluctant to take animal life

; but that, says Mr. Kipling,
"does not preserve the ox, the horse, and the ass from
being unmercifuUy beaten, over-driven, over-laden, under-

fed, and worked with sores under their harness ; nor does
it save them from abandonment to starvation when unfit
for work, and to a lingering death which is made a long
torture by birds of prey, whose beaks, powerless to kill

' "Beast and Man in India." By John Lockwood Kipling, CLE. With
Illustrations. (London: Macmillan and Co , 1891.)^

F>gs. I, 2, and 4, are by iMr. Kipling. Fig. 3 is by Mfmshi Sher
Muhammad.
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outright, inflict undeserved torment." Even the sacred

cow is not so well treated as the milch cows of Europe.
Mr. Kipling's statements on this subject are extremely
unpleasant reading, but it is to be feared that they are

only too well founded. With regard to free creatures,

however, he is able to give a better report. The village

school-boy does not stone frogs, or set dogs at cats, or

tie 'kettles to dogs' tails, or go bird-nesting, or annoy
squirrels ;

and " the sparrow, the crow, the maina, and
the hoopoe move from his path without a flutter of fear."

The farmer, too, endures with extraordinary patience

depredations on his crops by wild animals. The monkey,
the nilghai, the black buck, the wild pig, and the parrakeet

\

fatten at his expense, and do not even reward him by
killing a caterpillar or a weevil. There are bird-catchers

in India, but the popular feeling about them is shown
in a scornful proverb on their ragged and disreputable
condition.

One of the brightest chapters in the book is on

monkeys, which the author has had good opportunities of

observing. The monkey most commonly seen both in

the hills and plains is the Macaque {Macacus rhesus),
which is not to be confounded with the tall, long-tailed,
white-whiskered Langur {Presbytesilliger). The latter is

clad in an overcoat of silver-grey. He is, in his way, a

king of the jungle, and is not so often met with in con-

finement as his brown brother. The Hooluck, or Black
Gibbon {Hylobates hooluck),\svn.o'i,'io^t&Vi.{owxv^ in Bengal
and Assam, and, if a pair can be secured, easily reconciles

itself to captivity ;
but it is "a depressing companion."

An Assam monkey, known as " the shame-faced one," is
" a gentle, bashful, large-eyed ci-eature, with a quaint
trick of hiding its face in its hands and hanging its head
like a timid child."

The monkey is held in great respect in India, and

Hanuman, the monkey-god, is one of the most widely-

worshipped of Hindu deities. Sacred as the animal is,

the people are thoroughly alive to the faults of its

character, and in ordinary talk the monkey is used, as in

Europe,
"
to point morals against wanton mischief, help-

lessness, and evil behaviour generally." For some months
a number of wild monkeys were daily fed by Mr. Kipling
and his family ;

and they soon learned to distinguish by
smell between fresh and stale biscuits. Yet—as the

natives have noted in proverbs
—monkeys are not sharp

enough to provide themselves with shelter against the

heavy rains of the country. In the Simla region they

may be seen in troops sitting shivering for hours within a
few yards of covered spaces. The scheme of their life,

according to Mr. Kipling, seems to be patriarchial, with
a touch of military organization, the patriarch being

"
at

once commander-in-chief and effective fighting force."

The natives call him "
Maharajah," and the name is well

chosen, as he is
" the very type and incarnation of savage

and sensual despotism." Monkey mothers treat their

little ones with a tenderness "
that endears them to the

child-loving Oriental"; and the young, when the sun

shines, often contrive to have a good time. Says Mr.

Kipling;
—

"
They have a game like the English boys' cock of the

dung-hill or king of the castle, but instead of pushing
each other from the top of a knoll or dust-heap, the castle

is a pendent branch of a tree. The game is to keep a

place on the bough, which swings with their weight as

with a cluster of fruit, while the players struggle to dis-

lodge one another, each, as he drops, running round and

climbing up again to begin anew. This sport is kept up
for an hour at a time with keen enjoyment, and when one
is nimble as a monkey it must be splendid fun."

Mr. Kipling finds in cows and oxen the subject of

another capital chapter. They seem to him to be the

foremost figures in both the rustic and the urban scenery
of the country. The cow is now "

firmly enthroned in

the Hindu pantheon," and the peculiar sanctity in which
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she is held may, he thinks, be partly due to the fact that

in early Aryan mythology she was used as a symbol of

the clouds attendant on the Sun-god. Mr. Kipling ex-

presses much admiration for Indian oxen, of which he

says ihat it is with them as with the people of India—

Fig. I.—Young monkeys at play.

"
the more you learn about them the more you find to

interest you." Fig. 2 represents roughly the range of

their size. Even larger beasts than the largesi shown
sometimes occur. The smallest belongs to a miniature

Mr. Kipling notes the pecuhar impression produced on

Europeans by the silence of Indian cattle. Students,,

reading in Gray's Ode of the lowing herd, will say to the

Professor, "Sir, what is lowing?" Even the grunting
note of the ox and cow is seldom heard, and does not

carry. The herdsman is a vocalist, but his song "is

always in a minor key, and has falsetto subtleties in it

that baffle our methods of notation." He talks a good
deal in a loud heavy voice

;
and " when his women folk

walk with him they follow respectfully an ordained number
of paces behind, and he flings his conversation over his

shoulder."

It would be impossible, of course, to write a book
about "Beast and Man in India" without treating of

Fig. 2.—Comparative sizes of the largest and smallest breeds of Indian oxen.

race which is not much bigger than a Newfoundland dog.
This little creature is exquisitely finished in every detail

of ox form ; it is full of life and spirit, and, when harnessed
to vehicles of a suitable size, it trots at a great pace.
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Fig. 3.
—A painted elephant,

elephants ;
and Mr. Kipling discourses on them most

pleasantly. The elephant seems to be second only to

the cow in Hindu estimation. In Hindu art other

animals are treated only in a decorative and conventional

style; but in artistic representations of the elephant,
whether in sculpture or in painting, there is invariably
" a strong feeling for nature." This contrast is seen in

most old temples, but especially in the sculptured gates
of the Sanchi tope in Central India, "where all kinds

of animals are shown, but the elephant alone is carved

with CO nplete knowledge and unvarying truth of action."

Mr. Kipling is at great pains to convey a true idea of

the character of the elephant, the essential quality of

which he takes to be gentleness. He also tells many
curious legends about the animal, and about Gan^sha,
the elephant-headed god, who is not less popular than

the monkey-god. The dressing of the elephant for parade
is also described. This, although an elaborate process.
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is not really much more difficult than the dressing of a
child for church. The most remarkable part of the

process is the painting of the forehead, trunk, and ears,
which follows a thorough washing.

" The designs are
often good, and the whole serai, excepting always the

elephant himself, is deeply interested. His mind and
trunk wander

;
he trifles with the colour-pots ; so with

each stroke comes an order to stand still. Some mahouts
are quite skilful in this pattern work."

In an interesting chapter on the training of animals,
Mr. Kipling shows that the skill of the natives of India
in this difficult art has often been greatly overrated. The
Oriental brings

" boundless patience
"

to the task, but
" he has no steadfastness of aim, nor has he sufficient

firmness of hand and will to secure confidence and
obedience." The cheetah or hunting leopard {Felts

jiibatd), when caught and tamed, undergoes so little

training in the field that it loses its natural dash, and is

often left behind by the antelope. It becomes so mild

Fi.,. 4

that it is frequently allowed to curl itself under the same
blanket with its keeper. The keeper, when his bedfellow
is restless,

"
lazily stretches out an arm from his end of

the cot, and dangles a tassel over the animal's head,
which seems to soothe him." In the early morning Mr.

Kipling has seen a cheetah "
sitting up on his couch, a

red blanket half covering him, his tasselled red hood
pushed awry, looking exactly like an elderly gentleman
in a nightcap, as he yawned with the irresolute air of one
who is in doubt whether he will rise or turn in for yet
another nap." This is mentioned as an instance of the

curious intimacy that exists in India between animals
and those who have charge of them.
Of the remaining chapters we can only say that all of

them embody the results of a close study of the animal
world and of the Hindu character. We may note as of

especial interest the three concluding chapters, on animals
in Indian art, on beast fights, and on animals and the

supernatural.

ONAN OPTICAL PROOF OF THE EXISTENCE
OF SUSPENDED MATTER IN FLAMES.^

"n\EAR PROFESSOR TAIT,— I write to put on paper
-*-^ an account of the observation I mentioned to you
to-night, in case you should think it worth communicat-

ing to the Royal Society of Edinburgh.
In the course of last summer I was led, in connection

with some questions about lighthouses, to pass a beam
' Read before the Royal Society of Edinburgh on June 15, 1891. Re-

printed from the Proceedings of the Society.

of sunlight, condensed by a lens, through the flame of a
candle. I noticed that where the cone of rays cut the
luminous envelope there were two patches of light brighter
than the general flame, which were evidently due to sun-

light scattered by matter in the envelope which was in a
state of suspension. The patches corresponded in area
to the intersection of the double cone by the envelope,
and their thickness was, I may say, insensibly small.

Within the envelope, as well as outside, there was none
of this scattering. The patches were made more con-

spicuous by viewing the whole through a cell with an
ammoniacal solution of a salt of copper, or through a
blue glass coloured by cobalt. In the former case the

light from the flame was more weakened than the scattered

light, which was richer in rays of high refrangibiUty ;
in

the latter case the patches were distinguished by a
difference of colour, the patches being blue, while the
flame (with a suitable thickness of blue glass) was purplish.
The light of the patches exhibited the polarization of

light scattered by fine particles
—that is to say,

when viewed in a direction perpendicular to the
incident light it was polarized in a plane passing
through the beam and the line of sight.
When the beam was passed through the

blue base of the flame there was no scattered

light. A luminous gas flame showed the patches
indicating scattered light like the flame of a

candle, but less copiously. They were not seen
in a Bunsen flame or in the flame of alcohol,

jg^ but were well seen in the luminous flame of
«^^ - ether. When a glass jar was inverted over

burning ether, the blue part, which does not
show scattered light, extended higher, till, just
before the flame went out, the luminous part

disappeared altogether. A Bunsen flame, fed

with chloride of sodium, did not show the

phenomenon, though the flame was fairly
luminous.
The phenomenon shows very prettily the

separation of carbon (associated, it may be,
with some hydrogen) in the flame, and at

the same time the extreme thinness of the layer
which this forms. It shows, too, the mode of

separation of the carbon—namely, that it is due to the

action of heat on the volatile hydrocarbon or vapour of

ether, as the case may be. At the base, where there is a

plentiful supply of oxygen, the molecules are burned at

once. Higher up the heated products of combustion have
time to decompose the combustible vapour before it gets

oxygen enough to burn it. In the ether just going out,
for want of fresh air, the previous decomposition does
not take place, probably because the heat arising from
the combustion is divided between a large quantity of

inert gas (nitrogen and products of combustion) and the

combustible vapour, so that the portion which goes to

the latter is not sufficient to decompose it prior to com-
bustion.

In the Bunsen flame fed with chloride of sodium, the

absence of scattered light tallies with the testimony of

the prism, that the sodium is in the state of vapour, though
I would not insist on this proof, as it is possible that the

test of scattering sunlight is not sufficiently delicate to

show the presence of so small a quantity of matter in a

solid or liquid state.—Yours sincerely,
G. G. Stokes.

P.S.— I fancy the thinness of the stratum of glowing
carbon is due to its being attacked on both sides—on the

outside by oxygen, on the inside by carbonic acid, which
with the glowing carbon would form carbonic oxide.

[When the above was written, I was not acquainted with

the previous paper by Mr. Burch, published in vol. xxxi.

of Nature (p. 272), nor did any of the scientific friends to

whom I had mentioned the observation seem to be aware
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of it. Had I known of it, I should not have thought my
paper worthy of being presented to the Royal Society of

Edinburgh, as Mr. Burch has anticipated me in the

fundamental method of observation.

The reaction mentioned in the postscript is to be taken

merely as a specimen of the reactions, on the inside of

the carbon stratum, by which the carbon may be re-

engaged in a gaseous combination. Carbonic oxide is

only one of the combustible gases, not originally present,
which are formed during the process of combustion, and
are found inside the envelope in which the combustion is

going on.—G. G. S., November 20, 1891.]

NOTES.
The annual general meeting of the Institution of Electrical

Engineers will be held at the Institution of Civil Engineers,

25 Great George Street, Westminster, this evening (Thursday),
at 8 o'clock, for the reception of the annual report of the

Council, and for the election of Council and officers for the year

1892. The following paper will be read :
— " On the Specifica-

tion of Insulated Conductors for Electric Lighting and other

purposes," by W. H. Preece, F.R.S., Past-President.

The Royal Danish Academy of Sciences at Copenhagen
offers two prizes of 400 and 600 kronen respectively, for investi-

gations on the exact nature and proportions of the more im-

portant carbo-hydrates pre>ent, at different stages of maturity,

in the cereals in most general use ;
and for investigations on the

Phytoptus galls found in Denmark, with a monograph on the

insects producing them. The prizes are to be awarded in

October 1893.

An improved armillary sphere has been patented by Prof. J.

S. Slater, of Calcutta University, which differs from other

spheres of the same kind in having a latitude circle to which

the celestial sphere is hinged, and in being provided with a

movable horizon which adjusts itself to the selected latitude. It

can be obtained from Messrs. Walsh, Lovett, and Co., Phiipot

Lane, E.G.

The next one-man photographic exhibition organized by the

Camera Club will consist of pictures by Mr. J. Pattison Gibson,
of Hexham. It will be opened in connection with a concert to

be held on the first Monday in January, 1892.

With the consent of the Sultan of Muscat, the Survey of

India is about to establish a tidal observatory at Muscat. This

will probably be followed by the establishment of another

observatory of the same kind at Bushire in the Persian Gulf.

We have had some correspondence with Prof Arnold about

our notice of nis speech at the recent meeting of the Institution

of Mechanical Engineers. Referring to his remarks on Prof.

Roberts-Austen's "Report to the Alloys Research Committee,"
we expressed the opinion that it was rather straining the pre-

rogative of rhetoric to speak of the work done by Prof, Roberts-

Austen as "not worth a rush." We did not intend to imply
that Prof. Arnold applied the expression "not worth a rush" to

the whole of the work on which Prof. Roberts-Austen reported.
He wishes us to state that what he said was, that he thought

''any analogue obtained from a comparison of simple bodies

like gold and lead with a complex body like steel would not be

worth a rush."

The reports of the examiners on the results of the science

examinations held in April and May 1891 have been issued.

Tlie examinations related to building construction, naval archi-

tecture, mathematics, theoretical mechanics, applied mechanics,

magnetism and electricity and alternative elementary physics,
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chemistry, geology, mineralogy, animal physiology, botany,

the principles of mining, navigation and nautical astronomy,

steam, the principles of agriculture, and hygiene.

Mrs. R. M. CrawshAV, writing to us from Mentone, on

December 2, about the recent eclipse of the moon, refers to the

fact that
" the Rev. A. Freeman and Mr. R. T. Leslie are not

agreed as to the shadow on the moon's disk having colours or

not." For some time there were illuminations and fireworks

at Monte Carlo on account of the birthday of the Prince of

Monaco, and, when these were over, clouds suddenly came up.
"

It was only," Mrs. Crawshay says,
" when the moon was very

nearly half obscured that I caught a glimpse of her without any

colouring whatever, orange or otherwise. One could only liken

it to a painting in Indian ink."

Mr. George T. Bettany, who was well -known as a popular
writer on scientific subjects, died on December 2 in his forty-

second year. For some years he lectured on botany at Guy's

Hospital. Conjointly with Prof. Parker, he wrote a work on

"The Morphology of the Skull." He was also the author of

"The World's Inhabitants," and other books. For Messrs.

Ward, Lock, and Co., he edited
"
Science Primers for the

People
" and "The Minerva Library."

An interesting paper on aluminium and its application to

photography, by Mr. G. L. Addenbrooke, is printed in the

December number of the Journal of the Camera Club. Mr.

Addenbrooke thinks aluminium ought now to supersede brass

for photographic lenses and the metal parts of cameras. By its

use the weight of lenses, flanges, and adapture is reduced nearly

to one-third. He is also in favour of aluminium being used for

the revolving tripod heads fixed in the bare boards of cameras,

as these are rather too heavy in brass. "In hand-cameras," he

says,
"

I think the metal should be useful in most places where

there are metal parts. I am also not without hopes that dark

slides may be made in it altogether, which will be lighter and

more compact than the wooden ones. For developing-dishes,

also, it is very suitable, as the action of most of the chemicals

used in photography is very slight on it, and when there is any,

the compounds formed would not be harmful."

In his latest communication to the American younial of
Science (for November), Prof. Goodale describes his visit to the

Queensland Museum at Brisbane, under the charge of Mr.

De Vis, rich in specimens illustrating the natural history and

ethnology of the colony. An account is also given of the

well-known Botanic Garden and Laboratories at Buitenzorg in

Java, under the directorship of Dr. Treub, and of the annex on

a contiguous mountain
; of the Botanic Garden and Experi-

mental Garden at Singapore, under the control of Mr. Ridley ;

and of the new and at present but poorly developed Botanic

Garden at Saigon in French China.

Poisoning by mussels is a well-known fact. Such poisoning

appears in chronic form in Tierra del Fuego, mussels being
abundant on the shores, and other kinds of food rare, so that the

natives eat large quantities of the former daily, both of bad

and of good quality. According to a doctor of the Argentine

fleet, M. Segers, the mussels are rarely injurious at their

maximum time of growth, which corresponds with full moon, but

when the moon wanes, they become poor and often poisonous.

The poisonous quality apparently results from the death of a

large number at this time, and the putrefaction of their bodies

yielding ptomaines which are absorbed by the surviving mollusks.

In any case, the Fuegians are often attacked by a liver com-

plaint, consisting in atrophy of the organ, with jaundiced colour

of the skin and tendency to haemorrhage ;
and M. Segers

believes this is due to mussel poisoning. He finds sulphate of

atropine an efficacious antidote.
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Principal J. L. Thompson, of the Hawkesbury Agricultural

College, New South Wales, has no doubt that the climate and

much of the soil of Australia are well suited for the culture of

the olive. All that is needed, he thinks, is an adequate supply
of labour. He himself has been very successful in preserving

green olives ; and in a paper on the subject in the August number
of the Agricultural Gazette of New South Wales he gives the

following account of the system adopted. The olives are very

carefully picked from the trees when about full grown, but

perfectly green. They .'hould be handled like eggs. If they are

bruised in any way, they will become black and decompose. In

the green state, olives contain gallic acid, which gives them an

acrid taste. To remove this they are first of all steeped in alkaline

water, made either of wood ashes, lime water, or washing soda ;

of the latter, about three or four ounces to the gallon of water.

As soon as the lye has penetrated through the pulp, which is

usually in from eight to ten hours, they are put into clean water

and steeped until all acrid and alkaline taste has been removed.

During that time the water is changed every day. They are then

put into brine, composed of one pound of salt to each gallon of

water, and kept carefully covered with a thick linen cloth, for if

exposed to the air they will turn black. They are finally put

up in air-tight jars.

The Meteorological Department of the Government of India

has published Part IV. of
"
Cyclone Memoirs," being an inquiry

into the nature and course of storms in the Arabian Sea, and a

catalogue and. brief history of all recorded cyclones in that sea

from 1648 to 1889. The work, which has been prepared by
Mr. W. L. Dallas, chiefly for the use of mariners navigating

those parts, will no doubt be of considerable use to them, as

hitherto there were no track charts of the storms in the Arabian

Sea for the different months. For the majority of the storms

quoted the available materials are admittedly very scanty ;

nevertheless, the author has been able to draw some useful con-

clusions from them, with reference to the general behaviour of

the storms. The paper is divided into two parts
—the first gives

the details of each of fifty-four storms in chronological order,

the second treats of their geographical distribution and move-

ments according to months and seasons, and the discussion is

followed by charts showing the tracks of the storms in the

different months. The cyclones are formed on the northern

limits of the south-west monsoon ; when the northern limits of

the monsoon reach the land, and also when the north east

monsoon extends from Asia to the equator, which is the case

from December to March, no cyclones are formed over the

Arabian Sea. The barometric fall is gradual and equal on all

sides, except near the centre, and a depression of 0*25 inch

below the average is indicative of the existence of a cyclone in

the neighbourhood. When the storms are in confined waters

they may burst with great suddenness, but in other cases strong
winds are felt for several hundred miles around the centre. The
northern parts of the Arabian Sea are liable, during the pre-

valence of the north-east monsoon, to be disturbed by small

cyclonic storms descending f(om the highlands of Persia and

Beluchistan, but the whole of the south-west of the Arabian Sea,

though liable to south-west gales during the summer monsoon,
and to strong north-east winds during the winter monsoon, is

free from cyclones.

Dr. Stirling's Notoryctes typhlops, the lately discovered

Australian animal, to which we have repeatedly called attention,

forms the subject of an interesting note in the
" Hand List of

Australian Mammals," by J. Douglas Ogilby, an advance copy
of a portion of which has been forwarded to us. The con-

clusion at which Mr. Ogilby has arrived, after an exhaustive

study of Dr. Stirling's pamphlet, is that in this aninal we have

at last obtained a definite connecting link between the Mono-

tremes and the Marsupials. At the present stage of our know- '
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ledge it would, he thinks, be presumptuous to class Notoryctes

among the Monotremes proper, although several leading
naturalists incline to the opinion that its affinities are closer to

these mammals than to the Marsupials. He prefers for the

present to look upon it as an aberrant Polyprotodont.

The Institute of Jamaica has isued the first number of a

Journal which is to contain, among other things, contributions

regarding newly discovered flora and fauna of the island, and

articles dealing with botany and kindred sciences. Four

parts will be published in the year. In this first number there

are excellent notes, by Mr. T. D. A. Cockerell, on the trans-

formation of some Jamaica Lepidoptera. He points out that,

although many species of butterflies and moths have been

described from Jamaica, the transformations of very few are

known.

Dr. a. H. Post, the well-known anthropologist, describing

in this week's Globus various marriage customs, refers to a

strange sort of symbolical marriage which is supposed to have

originated in India, It is a marriage with trees, plants

animals, or inanimate objects. If anyone proposes to enter

upon a union which is not in accordance with traditional ideas,

it is believed that the ill-luck which i> sure to follow may be

iaverted by a marriage of this kind, the evil consequences being

borne by the object chosen. In various regions a girl must not

marry before her elder sisters, but in some parts of Southern

India the difficulty is overcome by the eldest daughter marrying
the branch of a tree. Then the wedding of the second daughter

may safely be celebrated. Dr. Post gives several other instances,

which are likely to be new to many students of anthropology.

According to an official French Report, the copper mines of

French Congo are likely to prove of considerable importance.

They lie in the district around the sources of the Ludima-Niadi,

about two days' journey south of Stephanieville. The ore is

malachite, which is brought to the surface by about 350 negroes.

Their methods of work are extremely simple. They reach the

malachite by digging out, with implements of hard wood, holes

or shafts three feet wide and twice as deep. The malachite is

broken on the ground, and afterwards, when pulverized, put

into a furnace on a tray with charcoal, on which bellows are

made to play. In due time the tray is removed by means of

pieces of bamboo, and the metal is poured into sand moulds.

The entire district is said to be rich in copper, and masses of

malachite are frequently found in the Ludima.

Mr. ErnestE. Thompson, ofToronto, contributes to the new

volume of the Proceedings of the U.S. National Museum (vol.

xiii.) a valuable study of the birds of Manitoba. He gives an en-

thusiastic description of the music of prairie larks, large numbers

of which, at dawn, may be heard in the spring to "burst all together

into a splendid explosion of song, pouring out their rich, strong

voices from every little height and perch, singing with all their

might." They sing all day, and at night joyously hail the moon.

As their notes become more complicated, the most casual

observer cannot fail to perceive
"

that the love-fires are kindling,

and that each musician is striving to the utmost of his powers to

surpass all rivals and win the lady lark of his choice." "On
one occasion," says Mr. Thompson, "as I lay in hiding near a

fence, three larks came skimming over the plain. They alighted

within a few yards of me, and two of them burst into song,

sometimes singing together and sometimes alternately, but the

third was silent. When at last they flew up, I noticed that the

silent one and one of the singers kept together. I had been

witness to a musical tournament, and the victor had won his

bride."

Another of the many birds of Manitoba about which Mr.

Thompson has something interesting to say is the crane. The
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first intimation of its advent in the spring is usually a loud

trumpeting or croaking that seems to shake the air for miles.

But the cranes themselves, generally in pairs, soon begin to be

seen. Their food at that season is chiefly rose-pips, in

gathering which they stalk over the bare plains. At first little can

be noted but their excessive wariness, but as the warmer weather

quickens their feeling, they often "so far forget their dignity

as to wheel about and dance, flapping their wings and shouting

as they 'honour their partners,' and in various ways contrive

to exhibit an extraordinary combination of awkwardness and

agility." This dance Mr. Thompson has seen only during the

pairing season.

Referring to the question
" whether squirrels are torpid in

winter," Mr. C. Fitzgerald writes in the December number of the

Zoologist that, during many winters passed in the backwoods of

North America, he has seen squirrels frisking among the trees

in thecoldest weather. On bright sunny days especially they delight

in chasing each other from tree to tree among the evergreens, and

cover the snow with their tracks. The young of the ordinary

red squirrel are born early in the spring. The "Chipmunks,"
or little striped ground squirrels, lay up in the autumn a store

of provisions of grains, nuts, &c.
,
for winter, and on fine days

may be seen sunning themselves. Mr. Fitzgerald has on several

occasions come across their hoards, and once saw two large

bucketsful of shelled buckwheat taken from the hollow of an old

birch-tree that the woodmen had chopped down on the edge of

a clearing which had been cropped the previous summer with

that grain.

At the meeting of the Linnean Society of New South Wales

on October 28, the fifth part of Mr. E. Meyrick's
" Revision of

Australian Lepidoptera" was read. This paper practically

concludes the Australian Geometrina, except in so far as future

<iiscoveries may produce fresh material. One hundred and

twelve species are included, of which forty-seven are described

as new.

Mr. Carl Lumholtz contributes to the current Bulletin of

the American Geographical Society a very interesting report on

his explorations in Northern Mexico. The most remarkable

<;aves he met with were at the head of the Piedras Verdes River,

6850 feet above sea-level. These caves contain groups of

deserted houses or small villages, and the houses are splendidly

made of porphyry pulp, and show that the inhabitants had

attained a comparatively high culture. The dwellings were

sometimes three stories in height, with small windows, and

doors made in the form of a cross
;
and occasionally there were

stone staircases. The caves, which number about fifty in a

stretch of twenty miles, are from 100 to 200 feet above the

bottom of the carion, and the largest is some fifty feet high.

One series of them, on the shady side of the caiion, had been

reserved for burial-places. Here, at a depth of three feet, Mr.

Lumholtz dug out a number of bodies in a wonderful state of

preservation, the saltpetre which is mixed with the disintegrated

rock having for centuries preserved them, making them look

like mummies. Several had their features, hair, and eyebrows

perfect, and these were photographed. The hair is very

slightly wavy, and softer than that of the ordinary Indian,

almost silky in fact. They were small people, and reminded Mr.

Lumholtz strikingly of the present Moqui village Indians. The

Moquis, like the Zuiiis, have a tradition that they came from

the south. The same district abounds in mounds, some of

which are very large. Mr. Lumholtz thinks that an explorer

might find in these mounds a fine field for investigation.

With his own limited force of men he was not able to make
as extensive excavations as he wished to make ;

but still, a

good deal of work was done. He unearthed a great many

polished stone implements, about 300 jars, most of them
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decorated, and some in very odd shapes, and several specimens
of a big stone wheel, and a stone cylinder fitting into it,

probably used for some sort of game. The mounds contain

houses, and, as usual, most of the relics are found near the

dead bodies, which are always buried under the floor, partly
under the wall. These people must have been there before the

arrival of the cave and cliff dwellers, but who they were it

would not yet be safe to say.

Messrs. T. Cooke and Sons, of Buckingham Works,

York, have issued a new illustrated catalogue of telescopes,

surveying and other optical instruments.

Messrs. Gurney and Jackson (Mr. Van Voorst's succes-

sors) hope to have ready for publication by the end of this year
the first volume of

" A Synonymic Catalogue of Lepidoptera-

Heterocera," which Mr. W. F. Kirby, of the Zoological Depart-

ment, British Museum, has been for some time engaged upon.

Sir J. D. Hooker's well-known book of travels,
"
Himalayan

Journals," has been reprinted in the Minerva Library series

(Ward, Lock, Bowden, and Co.). It is reprinted from the first

(unabridged) edition, with the omission of some of the ap-

pendices, which were only of limited general interest. Mr.

Murray has supplied copies of the original woodcuts, many of

them from drawings by the author.

A new Review, which will be partly scientific, is about to be

iseued at Rome. It is to be published twice in the month, and

will be entitled Natura ed Arte.

The admirable Harveian Oration recently delivered by Dr. W.
H. Dickinson has just been published by Messrs. Longmans,

Green, and Co.

Part 9 of Cassell and Co.'s
" Universal Atlas

"
has just been

issued. It contains a map of the Balkan Peninsula, another of

China and Japan, and one of Japan alone, the first occupying
a double page.

Two communications upon phosphides of boron have been

published by M. Moissan and M. Besson respectively in the

most recent numbers of the Coniptes rendus. M. Moissan has

obtained two compounds of phosphoru-; and boron of the com-

position PB and P3B5, by the reduction of the new compound

PBIj recently prepared by him (comp. Nature, vol. xlv. p. 67)

in a current of hydrogen gas. M. Besson, however, in July of

this year published a note upon one of these compounds, PB,

which he obtained by heating the compound BBrj. PH3 to the

temperature of 300° C ,
and in the current num'ierof the Comptes

rendus calls M. Moissan's attention to the fact. The-e com-

pounds of boron and phosphorus appear to be somewhat re-

markable substances, and the following is a brief account of

their mode of preparation and properties, as described by Messrs.

Moissan and Besson. The curious compound PBIj is a substance

crystallizing in vacuo in beautiful bright red crystals. When

these crystals are heated in a current of dry hydrogen to a tem-

perature of 4SO°-Soo°, three things happen : a small portion of

the compound volatilizes unchanged, and forms an annular red

deposit upon the cooler part of the tube
;
another portion loses

iodine and yields a second sublimate, yellow in colour, of the

other comp mnd of phosphorus, boron and iodine, (PBDj, "pre-

pared by M. Moissan; the remainder of the PBI.^ becomes

converted in situ into the normal phosphide of boron, PB. The

heating of the PBIj is best effected in a U-shaped tube immersed

in a bath of fused nitre. After the reduction is completed as

far as possible, which is determined by the cessation of the

evolution of vapour of hydriodic acid, the U-tube is removed

from the bath, and the residual phosphide extracted, powdered

rapidly, and again placed in the tube, and the reduction continued

for a short time longer, in order to insure the removal of the las



December io, 1891] NATURE m
traces of iodine. The phosphide of boron thus obtained is a

brown powder, very light in texture, and insoluble in every

solvent which has yet been tried. In contact with oxygen the

compound ignites at a temperature about 200°, and burns with a

very brilliant flame, forming boric and phosphoric anhydrides.

With chlorine gas it inflames at the ordinary temperature, pro-

ducing boron trichloride and phosphorus pentachloride. Vapour
of sulphur converts it into sulphides of boron and phosphorus.

When thrown into a little fused nitre instant incandescence and

deflagration occur. Its behaviour with nitric acid is charac-

teristic ; it immediately becomes incandescent, and moves rapidly

to and fro over the surface of the acid, all the while burning
with a most dazzling flame. It reduces concentrated sulphuric

acid to sulphur dioxide. Fused potash decomposes it with

evolution of phosphoretted hydrogen and formation of potassium

borate. Sodium or potassium, in an atmosphere of hydrogen,

react upon warming with great energy, the mass becoming white-

hot. Magnesium, heated with the phosphide to 500°, also reacts

with incandescence. Even silver and copper react violently

upon heating with phosphide of boron. Vapour of water

decomposes it at 400°, with production of boric acid and phos-

phoretted hydrogen. Heated to 300° in ammonia gas it takes

fire, and burns with formation of nitride of boron and deposition
of phosphorus.

The second compound of boron and phosphorus, P3B5, was

obtained by M. Moissan by heating the compound PB just

described in a current of hydrogen to a temperature near 1000°.

Under these circumstances a portion of the phosphorus is

eliminated, and condenses in drops in the colder part of the

tube, leaving the P3B5 in the form of a light brown powder,
which is distinguished from the normal phosphide BP by its

indifference to chlorine and nitric acid. It is much more stable

than the normal phosphide, but is, like the latter compound,

decomposed with incandescence by fused nitre.

The additions to the Zoological Society's Gardens during the

past week include a Formosan Fruit Bat {Pteropus formosus)
from Formosa, presented by Mr. Thomas Perkins, F.Z.S. ; a

Patagonian Cavy {DoltchoHs patachotiica) from Patagonia, pre-
sented by Mr, H. H. Sharland, F.Z.S.; a Blotched Genet

{Genetta tigrina) from South Africa, presented by Mr. Edmund
R. Boyle ;

a Grey Ichneumon {Herpestes griseus) from India,

presented by Mr. G. F. Hawker
;
a Little Grebe ( Tachybaptes

fluviatilis), British, presented by Mr. T. E. Gunn ; a Tuatera

Lizard {Sphenodon punctatus) from New Zealand, presented by
Mr. W. King ;

a Brush-tailed Kangaroo {Petrogale peiiicillata)

from New South Wales, purchased ; three Carpet Snakes

i^Morelia variegata) from New South Wales, received in

exchange.

OUR ASTRONOMICAL COLUMN.
The Secular Acceleration of the Moon and the

Length of the Sidereal Day.—Laplace showed that the
secular diminution of the eccentricity of the earth's orbit ought
to produce in the longitude of the moon a term proportional to

the square of the time, and which he determined as -f loY^,
where / is expressed in centuries. Adams and Delaunay have
reduced this term to -t- 6""i \t-. From a discussion of eclipses Airy
concluded that the coefficient of acceleration is as much as 12"

or 13" ; and accepting this, the question arises as to the cause,
other than that indicated by Laplace, which will account for the

diff"erence of 6'V'-. This forms the subject of a paper by M.
Tisserand in Comptes rendtis. No. 20, 189 1. Prof Darwin
found that the tidal action between the earth and the moon was
sufficient to furnish an apparent acceleration equivalent to the

required complement. The accompanying decrease in the earth's

rotational velocity produces an apparent acceleration of 3"'8/^ in

the case of Mercury, an amount which may make the longitude
of the planet vary by as much as 15" in a couple of hundred
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years. Since the observed transits of Mercury extend over more
than two centuries, M. Tisserand has discussed them with the

idea of determining whether the term 3"*8/'- is really indicated by
them. He finds, however, that the extreme transits are not so

well represented with the new term as without it, although the

difference is not very great. This result, therefore, is unfavour-

able to the idea as to the variability of the sidereal day, or at

least to a variation sufficient to reconcile the result of Airy's
research with the calculations of Adams and Delaunay. This

being so, it is concluded that the increase in the length of the

day, produced by tidal action, has nearly the same value as the

diminution which results from the contraction of the earth caused

by secular cooling, and that, on account of the compensating
action of the two effects, the length of the sidereal day remains

very nearly invariable.

State of Solar Activity.—Prof. Tacchini gives, in

Comptes rendus for Novfember 30, a resume oi solnr observations

made at the Royal Observatory of the Roman College during

July, August, and September of this year. The number of days
of observation were 31 in July, 31 in August, and 19 in

September, and the results obtained are as follows :
—

Relative frequency Relauve magnitude



NA TURE [December io, 1891

In Herr Dr. Wislicenus's experiments, six blinds of varying
diameters were employed, and were placed on the cube of the

Strassburg meridional circle to represent different central-cone

apertures. He measured the difference between the readings taken

with and without these blinds on five separate days, in the two

positions, horizontal and vertical, of the collimator threads. To
still further vary the method, he removed the meridional circle,

and placed the blinds on the collimators, making another series of

observations, the collimator threads being again in these two

positions. From the above measurements he concluded (to state

it very briefly) : (i) that the differences obtained with the Green-

wich circle aie of a purely optical nature, and can be easily
removed by making the aperture of the central cube somewhat

larger than the full aperture of the collimators ; (2) and also if the

objective of a telescope be screened quite symmetrically by
concentric rings or disks, or by such an arrangement as that in

the Greenwich instrument, there occurs not only a variation in the

focal image as regards sharpness and brightness, but there can

also be found the same displacement. In discussing the

observations and conclusions arrived at, he mentions that in the

best objectives the same colour rays do not combine in a

point on the optical axis, but in such a way that one does not

obtain a focus but a focal line of unequal brilliancy, from the

brightest point of which one deduces the focal plane of the lens ;

he then goes on to say that since the optical axis of the lens

forms therefore an angle with that of the objective, the

displacement of the brightest point of the focal line would
not fall perpendicular on the focal plane of the lens, but one
would have to observe it with the lens somewhat on one side,

by this means one would be able to see its projection on the focal

plane of the lens. Therefore,
"
by the existence of a centering-

error the displacement of the focal image by the insertion of

blinds before the objective would be explained."

The Annales of the University Observatory in Vienna,
vol. vii., contains all the observations of planets and comets
made in the years 18S7-89, with the Fraunhofer's, Clark's, and
Grubb's refractors of apertures i6"2 cm., 30'! cm., and 68'Ocm.

respectively, together with the reduced results of the above.
In addition to the work mentioned, the Grubb refractor was

extensively employed in the study of the nebula in the Pleiades,

special attention being given to the Mer ipe nebula, which forms
the chief topic of discussion in the interesting report towards the

end of the volume
;
an excellent illustration al>o of the nebula

itself is added, in which are shown all the fundamental stars

with many others of smaller magnitude.
Of the other illustrations given, there are three very good

pictures of the moon, taken with the same instrument. Plate I.

is the result of an exposure of 6 seconds taken on an ortho-

chromatic plate, and for sharpness and clearness is excel-

lent. Plate II., which is an enlargement of a part of Plate
I. enlarged four times is also very fine. Plates IV., V., and
VI., contain drawings of comets and nebulte, and are accom-

panied with descriptions of their peculiarities.

Altogether this volume is of a most interesting nature, and
shows the result of a great amount of painstaking and useful

work, which will be welcomed by all astronomers.

THE EASTERN TAURUS AND ANTI-
TAURUS.

A T the meeting of the Royal Geographical Society, on Mon-
-"•

day evening, the paper read was on the Passes of the
Eastern Taurus and Anti-Taurus, by Mr. D. G. Hogarth.
The paper described the general characteristics, geographical

and ethnographical, of the eastern half of the mountain system
of Southern Asia Minor, and is based on experience gained by
the author in the course of journeys in 1887, 1890, and 1891,
undertaken under the auspices of the Asia Minor Exploration
Fund, to which the Royal Geographical Society has been a

generous contributor. In 1890, Prof. W. M. Ramsay was the
nead of the Expedition, and though in the other years the author
was not accompanied by him, he followed lines- which that great
authority on Asia Minor had laid down. Mr. H. A. Brown
(author of "A Winter in Albania"), the Rev. A. C. Headlam,
of All Souls' College, and Mr. J. A. R. Munro, of Lincoln

College, Oxford, took part in the expeditions in different years.
The first object of the journeys was archaeological, to carry on
the brilliant work of Prof. Ramsay commenced in 1881, but the
members of the expeditions have always taken geographical
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notes and observations in traversing the interior of Asia Minor,
about many parts of which less is known in modern than
was known in ancient times. In following old trade-routes
across the mountains, he explorers have traced the modern
tracks, for the limits of ancient and modern geography are

very often not to be distinguished in Asia Minor. Much of the

peninsula is a land of the dead, but much also possesses great
interest in the present, and, may be, will acquire an interest of
a different kind for England in the near future. It has been

explored by many travellers, from Pococke, Hamilton, Leake,
and Ainsworth, to the archaeologists who have penetrated it in

different directions during the past twenty years, and the trained

surveyors, led by Sir Charles Wilson, who did so much geo-
graphical work in it ten years ago. But Asia Minor is very
large, often very difficult to traverse, and of very varied charac-

ter, as is to be expected in the meeting-place of so many civiliza-

tions and faiths, ancient and modern. Much has yet to be done
before western geographers can claim even a superficial know-
ledge of its whole area, and many parts have never been visited

by any explorer at all.

The first district described is the wild mountainous region
between the beautiful lakes of Egerdir and Beysheher, remark-
able for the absence of passes, for the great gorge of Eurymedon,.
and for the primitive character of the indigenous population who
live cut off from the world. Not less noteworthy are the extra-

ordinary ruins of the Pisidian city of Adada, which exist high
up among the hill-tops, and are now called Kara-Bavlo, a name
which recalls that of St. Paul, and probably is derived from a

great church dedicated to the Apostle in commemoration of a

sojourn on his way from Perga to Antioch in 45 a.T). These
rums preserve the most perfect specimen of an Anatolian city of

Roman days. Passing by the sites of Lystra and Derbe, the
Low Taurus is reached, a marked depression between the high-
inter-lacustrine ranges and the Bulgar Dagh, which begins
about 70 miles west of the Cilician Gates (Gulek Boghaz). The
waterless, arid character of the northern, and beautiful scenery
of the southern slopes, especially in the C-alycadnus valley, are

described in connection with the routes radiating from Karaman.
The remarkable ruins of the monastery of Koja Kalessi, which
contain a very perfect church of the early fifth century at the

latest, and of the city of Coropissos, add archaeological interest

to this section of the Taurus. The eastern part of this region is

a veritable Pompeii, where Roman cities, villages, and roads
have been left to decay in a deserted country.
The high Taurus is reached near Eregli. The famous defile

known as the '' Cilician Gates
"

has been often described,
but not so the important passes further east, from Sis to Hadjin
and Gyuksun ; from Marash to Gyuksun, Zeitun, and AlViistan ;

and from Adiaman to Besni and Malatia. The Eastern Taurus
is a region of great beauty, richly wooded, and traversed

by the tremendous canons of the Samanti, the Saros, and the

Jihan, not passable even on foot. Whenever a railway is made
from Asia Minor towards the Euphrates, it will take the gorge
of the latter river, which in ancient times was rendered possible
for a road. The ethnographical and historical interest of this

region is very great, as it formed the refuge of the last independent
Armenians of Cilicia, whose robber-towns, Hadjin and Zeitun,
are described by the author. Of late their exclusive possession
has been disputed by Circassians and Kurds, the latter retaining
curious traces of their pre- Islamite rites and customs.

Lastly, the principal passes into the Anti-Taurus from the

west, and out on the east in the direction of the Euphrates, are

briefly noticed. The Anti-Taurus district is one of the most
curious in Asia Minor

;
man deserted it almost entirely from the

eleventh century until less than a century ago, when nomadic
Avshar and Kurds penetrated to its remote and lofty valleys.
Thus has been preserved so much of the great Roman military
road to the Euphrates in the valleys of the Saros and Gyuk Su,
with a series of milestones recording its many restorations ;

to

the same cause we owe the interesting ruins of Comana, and
" Hittite" monuments, recalling very early days, when a great

trade-route, afterwards identical with the Royal Persian road,

already took this line. Of different but equal interest are the

modern inhabitants, nomadic Avshar, and half-troglodyte Kurds,

nominally Musulmans, but really worshippers of other gods than

that of Islam ; and newly-imported Circassians, settled near

troublesome Armenian strongholds as a menace and a check.

The medley of races in this remote region, for whose control

the Turks seem able to make no adequate provision, suggests

speculations as to the possible future of race-supremacy in the

Ottoman Empire.
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THE ZOOLOGYAND BOTANY OF THE WEST
INDIA ISLANDS.^

T^HIS Committee was appointed in 1887, and it has been
^

reappointed each year until the present time.

During the past year Mr. F. DuCane Godman, F.R.S., has
continued to employ a collector in the island of St. Vincent, and

owing to the valuable assistance thus afforded to the Committee
it has been possible to complete the exploration of this island.

The collections in zoology are very extensive, and those in

botany extend to the whole of the phanerogams and the vascular

cryptogams. No expense has been incurred by the Committee
in regard to any of these collections in St. Vincent.
The services of Mr. R. V. Sherring, F.L. S., were accepted, as

mentioned in the last report, to make botanical collections in the
island of Grenada. He left this country in October last, and
returned after seven months' absence in June last. Mr. Sherring
has forwarded to this country large collections, consisting for the
most part of vascular cryptogams, and these are now in course of

being determined at Kew. A detailed report on the various

collections in zoology and botany received during the past year
is given below.

,

At the present time Mr. Herbert H. Smith, the collector em-

ployed by Mr. Godman, is making collections in zoology in the
island. of Grenada. This is the most southerly of the chain of
islands intended to be explored by the Committee. When this

island is completed, the Committee will have been engaged in in-

vestigating the fauna and flora of most of the islands in the Lesser
Antilles lying between Martinique and' Trinidad. The islands

in which collections have so far been made consist of Dominica,
St. Lucia, Barbados, St. Vincent, the Grenadines, and Grenada.

Zoology.
—Since the last report collections have continued to

be received from St. Vincent by Mr. Godman. The work of

sorting and arranging these collections has been begun. The
arthropods are already completed, and the larger part of the

insects is mounted and prepared for despatch to the specialists
who have been engaged to work them out.

For this purpose the Committee have been so fortunate as to

obtain the assistance of the following naturalists : Herr Hofrath
Hrunner von Wattenwyl for the Orthoptera ; Prof. Riley for the

Rhynchota ;
Mr. Howard for the parasitic Hymenoptera ; Prof.

S. W. Williston for the Diptera ; Prof. Aug. Forel for the
Ants

; Lord Walsingham for Lepidoptera, part ; F. D. God-
man and O. Salvin for Lepidoptera, part ; D. Sharp forColeo-

-ptera; M. Simon for Spiders generally ; Mr. G. W. Peckham
tor Attidae. The Committee have undertaken to procure
publication of the memoirs that mav be received from these

savants.

A small collection of specimens made by Dr. H. A. Alford

Nicholls, F. L. S., local secretary to the Committee in the island

of Dominica, was received in May last. This consisted of nine

inammals, one lizard, one snake, five fishes, one Ascalaphus,
twelve Longicornia, two Passalidse, and five Lamellicornia.
Besides these Dr. Nicholls sent from the island of Tobago four

of the peculiar nests of the yellow-tailed bird of that island

i^Cassicus cristalus). These birds usually build their nests de-

pending from isolated branches of the silk-cotton tree [Eric-
dendron anfractuosum), and they look like huge fruits waving in

the wind.
A small collection of Lepidoptera was received in November

last from Captain Hellard, R.E., local secretary to the Committee
in the island of St. Lucia. The mounted specimens in this collec-

tion arrived in bad order, owing to the pieces of camphor getting
loose ir ihe boxes and breaking the greater part of them,
including almost the whole of the Sphingida.

Mr. John C. Wells, who has devoted attention to the ornitho-

logy of Grenada, has kindly consented to act as a local secretary
for that island.

Botany.
—01 the botanical collections received from St.

Vincent the vascular cryptogams have been determined by Mr.

J. G. Baker, F.R. S., and an account of them, with two plates,

printed in ihe Annals ofBotany, vol. v. (April i89l)pp. 163-172.

Amongst the ferns the most striking novelty is a new species of

Asplenium, named A. Godinani, Baker (pi. xi. ), found in damp
forests at the extreme top of Morne aGarou. Other new species

' Fourth Report of ihe British Association Committee, consisting of Prof.

Flower (Chairman), Mr. D. Morris (Secretary), Mr. Carruthers, Dr. Sclater,
Mr. 'Ihiselton-Dyer, Dr. Sharp, Mr. F. DuCane Godman, Prof. Newton,
\h. Giinther, and Colonel Feilden, appointed fir the purpose of reporting
on the present state of our knowledge of the Zoology and P» tany of the

West India Islands, and taking steps to investigate ascertained deficiencies

in the Fauna and Flora.

2iXe. Hyinenophyllum vincentinum, Baker (pi. x.
), and Acrosti-

chum {Elaplioglossmn) Smithii, Baker. The total number of
vascular cryptogams found recently in St. Vincent amounts to

168 species. Most of these are widely spread through tropical
America, and only four are endemic. In addition to the above
a new species oi Hepatic^, also from St. Vincent {Kantia vin-

centina, C. H.Wright), was ^eizxih^AintheJow-nal ofBotany,
vol. xxix. (April 1891), p. 107.
Of the phanerogams from St. Vincent and some of the Grena-

dines the work of determining these is being carried on as

expeditiously as circumstances permit. The collection is a very
large one, and the results so far attained are contained in the

following memorandum prepared by Mr. R. A. Rolfe :
—

The flowering plants have been determined as far as the end
of Rutacese. Those from St. Vincent number slightly over a

hundred species, of which about thirty, consisting tor the most

part of common West Indian plants, were not previously re-

corded from the island. The most interesting plant is a species
of Trigyneia (apparently new), a small tropical American genus
of Anonacese not hitherto detected in the West Indieg. A
Clusia and a species of Tetrapterys, which cannot be identified,

may also prove new. The remainder have been fully determined.

The three most interesting of these are Norantea Jussiai, Tr.

and PI., previously known only from Guadaloupe and Dominica ;

Zanthoxylon microcarpiim, Griseb., from Dominica and Trini-

dad ; and Z. spinosum, Sw., from Dominica, Jamaica, and
Cuba. The composition of the flora of the Lesser Grenadines,
situated between St. Vincent and Grenada, was previously
almost unknown. The plants hitherto determined are as

follows :
—From the island of Bequia, 34 jspecies ; from Mus

lique, 18 ; from Canouan, 5 ; and from Union, the nearest to

Grenada, 5. They are, without exception, common West Indian

plants, and are all also natives of St. Vincent. From the results

hitherto obtained it seems clear that the flora of the Lesser

Antilles is tolerably uniform throughout, although the larger
islands of Dominica, Martinique, St. Lucia, and possibly St.

Vincent, appear to have each a very small endemic element.

The collections made by Mr. Sherring at Grenada consist of

nearly 6000 specimens of vascular cryptogams and about looo

specimens of phanerogams. The number of species of ferns is

about 140, and of these two are new, viz. Alsophila Elliottii,

Baker, and Acrostichiim Shcrringii, Baker. The phanerogams
have not yet been worked out. Sixty species of ferns were pre-

viously known from Grenada from collections made by Mr. G.

R. Murray, F. L.S., and Mr. W. R. Elliott. Mr. Sherring has in-

creased this number to 140. The species of greatest interest, other

than those known to be new, are Asplenium Godinani, Baker, re-

cently found in St. Vincent ; Polypodium Hartii, Jenman, first

described in 1886, and known only in the mountains of Jamaica
and Dominica ;

and Acrostichiim Aubertii, widely spread in

continental America, but new to the West Indies. Other in-

teresting plants collected by Mr. Sherring are Schizcea Jiumin-
ensis, Miers, new to the West Indies, but believed to be only a

shade variety of S. dicliotoina, and Dancca polymorpha, Leprieur,
a critical form of which but little is known.
An account of vascular cryptogams collected at Grenada is in

course of being prepared for the Annals of Botany.
Mr. Sherring has prepared an interesting report on the flora

of Grenada, and this will prove of great interest to students of

West Indian botany.
A collecdon of plants was received from Dr. Nicholls at the

same time as the specimens in zoology already noticed. These

consisted of fifty-six species of vascular cryptogams
—all of them,

were, however, well-known West Indian plants
—and a small

number (175 numbers) of phanerogams. The latter have not

yet been determined.

The Committee recommend their reappointment, with the

following members : Dr. Sclater, Mr. Carruthers, Prof. Newton,
Mr, Godman, Dr. Giinther, and ])r. Sharp. The Cotiimittee

also recommend that the grant of ^100 placed at their disposal,

but not expended during the current year, be renewed.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Cambridge.—Mr. A. E. Shipley, Demonstrator of Com-

parative Anatomy, has been appointed Secretary to the Museums

Syndicate ; and Mr. S. F. Harmer, Demonstiator of Invertebrate

Morphology, Superintendent of the Museum of Zoology, in the

room of Mr. J. W. Clark. ^
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Dr. William Ewart and Mr. Frederick Treves have been

appointed Additional Examiners for the Third M. B. Examina-

tion, for which the number of candidates is unusually large.
Candidates for Lord Walsingham's Gold Medal in Biology

and Physiology are requested to send in their essays to Prof.

Newton by October i, 1892,
An interesting report on the course of study pursued in

Cambridge by the Local Lecture students during the Long
Vacation, 1891, appears in the Repo7-ter of December 8.

Scientific courses on invertebrate palaeontology, chemistry,

physics, and physiology were given with success m the Univer-

sity Laboratories
;
while single lectures, with the object of in-

spiring interest in other departments, were given by Dr. Hill,

Dr. D. MacAlister, and Prof. Darwin. Courses in general
literature and art were also arranged, and the result of the whole
is deemed by the Syndicate so satisfactory that they propose to

regard the Long Vacation scheme as part of their regular work.

Forty-seven students took advantage of the facilities offered by
the University for acquiring a closer knowledge of the subjects

they had commenced under the University Extension Lectures.

It is proposed that two new Syndicates shall be appointed
—the

first, to be called the Engineering Laboratory Syndicate, is to

make arrangements for the further development of the Engineer-
ing School in the University, and in particular to endeavour to

raise funds for its adequate endowment ; the second is to consider

the establishment of an Honours Examination in Mechanical
Science.

SCIENTIFIC SERIALS.
The Quarterly Journal of Microscopical Science for June

1891 contains :
—On the renal organs of certain Decapod Crus-

tacea, by W. F. R. Weldon (plates xxi. and xxii.). It would

appear that the nephro-peritoneal sacs of the Decapoda should
be regarded rather as enlarged portions of a tubular system,
such as that found in Mysis and in the Thalassinidae, than as

persistent remnants of a "coelomic" body-cavity, into which
tubular nephridia open.

—On the nephridium of Lumbricus and
its blood-supply, with remarks on the nephridia in other Chseto-

poda, by Dr. W. Blaxland Benham (plates xxiii. toxxv.). In this

memoir the author settles the nomenclature of the parts of the

nephridium and the course of the various regions ; details the

structure of these regions in Lumbricus ; institutes a comparison
with the nephridium in other genera ; describes the nephrostome
or funnel in Perichceta malamaniensis, n.sp., and some other

genera ; and describes and figures the vascular supply of the

nephridium in Lumbricus and in Arenicola.—Notes on the Naidi-
form Oligochseta, containing a description of new species of the

genera Pristina and Pterostylarides, and remarks upon cepha-
lization and gemmation as generic and specific characters in the

group, by Dr. A. Gibbs Bourne (plates xxvi. and xxvii.).
—On

Pdomyxa viridis, sp.n., and on the vesicular nature of proto-

plasm, by Dr. A. Gibbs Bourne (plate xxviii. ). This new species
of Pelomyxa was found in the mud of a small tank in the neigh-
bourhood of the Madras Presidency College ; it would seem to

be about the largest known species of the Lobosa, spread out

specimens average one-third of an inch in diameter ; the vesicles

contained chlorophyll, and were numerous ; the protoplasm was

densely packed with bacteria, the "crystals" of Greef; the

pseudopods were coarse and blunt
;
no reproductive processes

were noted ; nuclei and nucleoli were present in numbers.—On
the medusae of Millepora viurrayi, and on the gonophores of

Allopora and Distichopora, by Dr. Sydney J. Hickson (plates
xxix. and xxx. ). From specimens from Torres Straits, pre-
served by Prof. Haddon, the author has determined that the

ampullae described in the hard parts of this Millepora by Quelch
are the cavities containing male medusas. The medusa of Mille-

pora is a transformed zooid—that is, it is not from the first modi-
fied to bear the spermarium, but it is an ordinary zooid of the colony
changed into a medusa after the migration of spermospheres
into its ectoderm, which are subsequently developed there ;

these medusae escape from the ampullae before the spermatozoa
are matured. The male gonophores of Distichopora differ from
those of Allopora, but the female gonophores of these genera
closely resemble one another. The gonophores of the Hydro-
corallinae and Hydromedusas are carefully compared ; those

of the former are not degenerate medusae.—On a red pigment-
forming organism, Bacillus corallinus, by C. Slater (plate

xxxi.).

NO. II 54, VOL. 45]

October 1891 contains :—On immunity against microbes, by
Dr. Armand Ruffer, Part 2 (plates xxxxii. and xxxiii.).
While the first part of this memoir treated of the struggle which
takes place in the healthy body between micro organisms and
amoeboid cells, this part details what happens where these

organisms have found their way into the tissues of animals. It

would be impossible to do justice to the contents of this valuable
memoir by an abstract.—On the formation and fate of the

primitive streak, with observations on the archenteron and

germinal layers of Rana teniporaria, by Dr. A. Robinson and
R. Assheton (plates xxxiv. and xxxv. ). The primitive streak is

formed in the frog by concrescence of the lips of the blastopore
from behind forwards ; the ventral moiety of the primitive
streak, shortly after the perforation of the anus, ceases to exist

and splits up ; the dorsal moiety becomes folded upon itself,

like and along with the neural plate, and becomes separated
from the skin ; it gives rise to the whole of the tail with the

exception of the greater part of the skin.—On some points in the

histology and development of Myriothela phrygia, by W. B.

Hardy (plates xxxvi. and xxxvii.).
—On the structure of an

earthworm allied to Nemertodrilus, Mich., with observations
on the post-embryonic development of certain organs, by Frank
E. Beddard (plates xxxviii. and xxxix. ).

—On some points in the

development of Scorpio fulvipes, by M. Laurie (plate xl.). The
development of this form adds another to the numerous types of

development in the Arrachnida
; it is, as shown by its mode of

nutrition, a highly specialized form. There is no doubt that

the type of development represented by Euscorpius is the more

primitive of the two. The chief arguments in favour of

this are the remarkable facts of the formation in Scorpio

fidvipes of a rudimentary amnion, and the formation of yolk-

spheres in the earlier stages, and a mass of yolk round which
the gut is formed. — Abstract of Maupas's researches on

multiplication and fertilization in Ciliale Infusorians, by Dr.
Marcus M. Hartog.

—On the occurrence of pseudopodia in the

Diatomaceous genera Melosira and Cyclotella, by J. G. Gren-
fell (plate xli.). The author states that he has found pseudo-

podia in Cyclotella kuizingiana, and in one or two small species
of Melosira. "At Heytesbury, in Wiltshire, the River Wiley
and the brooks were found full of a Melosira in small isolated

frustules, with long delicate pseudopodia ; a good set of Cyclo-
tellas with pseudopodia were found at Kew Gardens." In the

large pond in the gardens of the Botanical Society of London,
frustules of Melosira gathered with some specimens of Archerina
boltoni were found with these pseudopodia ; sometimes they were

easily seen for a part of their length with a \ object-glass, but

in some cases, as in the diatoms from Kew,
"
they are generally

invisible, even when specially looked for." These pseudopodia
are best seen on " well dried material," they are fairly stiff, and
are non-retractile to ordinary observation. In length they vary,
in Cyclotella from two and a half to six times the width of the

valves ; they are very permanent, in specimens kept in water

they remained apparently unchanged for months ; they are

generally fairly straight, but sometimes they branch and some-
times two or three spring from a short thickened base.

" As to

the use of these pseudopods, and the question why other

Diatoms do not have them, the chief point to be remembered
is that these little Melosiras and Cyclotellas occur mainly as

isolated frustules, and are ^without the power of locomotion.

Under these circumstances the pseudopodia serve the purposes
of protection, means of attachment, and floats." The author

says: "facts point conclusively to the substance of these pseu-

dopodia being protoplasm." It is quite probable that "some
kind of cuticle is secreted by the protoplasm." As to the pos-

sibility of these growths not being pseudopodia at all, he combats
the idea, and institutes a comparison between them and the

radiating structures met with in Archerina (the reference to

Prof. Ray Lankester's description of this very interesting forno

should be Q. /. M. Sc, vol. xxv,, 1885, p. 61), but it will b<

remembered that Prof. Ray Lankester refers to the "delicat<

but stiff filaments
"

in his description of Archerina, and onl|
uses the term pseudopodia in a conventional sense. As yet vfi

are not convinced by a perusal of Mr. Grenfell's paper that the

Diatoms possess pseudopodia in any sense of this term, or that

they have any affinities with the Heliozoa.—A very ably writteB

review, signed by George Bidder, on "
Dendy's Monograph oi

the Victorian Sponges, Part I.," which has just been published
at Melbourne, concludes this part and volume xxxii. (N.S.) of the

journal. The first part of Dr. Dendy's monograph is devoted

to the account of the Calcareous Sponges, a group on which Mr.
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Bidder has himself been working at Naples for the last five

years. His appreciatory remarks on Dendy's researches prove
how much of interesting and new matter lies in manuscript
in the laboratory at Naples, and leads us to express the hope
that Mr. Bidder will soon follow the example of his senior, and

give us a monograph of the Calcarea Homocoela of the Gulf of

Naples ;
with more details on the glandular ectoderm.

Travaux de la Societe des Naturalisles de St. Fetersbourg,
Section de Zoologie et de Physiologic, tome xxi.

,
livr. I (Russian).

—
On the influence of temperature, and the distance from the section

of a nerve, on its electrical irritability, by B. F. Verigo.
—Ob-

servations on the Araneina, by V. Wagner.—The minutes of

proceedings contain several interesting notes : namely, a list of

the Bryozoa of the Murman coast of Russia, by M. Khvoro-

stansky, containing eighty-one species ;
on the blood of some

invertebrates, by V. Wagner, from which it appears that it

always contains two different kinds of cells— the granulous and
coloured ones, and the amoeboid ones or leucocytes, besides some
other cells which, however, must be considered as derived

from the above two kinds.—M. Shimkevitch's remarks on the

artificial incubation of ostriches in the ostrich park at Helio-

polis are also worth mentioning.

Bulletin de la Societe des Naiuralistes de Moscou, 1891,

No. l.^On the group of the s-illimanite and the part played by
aluminium in the silicates, by W. Wernadsky (in Russian,

summed up in French). The paper contains, besides the

description of the experiments already published in the Comptes
rendus, a discussion of the facts, which brings the author to

the following conclusions : the compounds of silicon with

aluminium have an acid reaction ; they may be embodied in

one group, that of the sillimanite. Some of them are hydrates,
and some others are salts of these, or of other possible an-

hydrides. Polymorphic varieties arise in this group with the

change of physical conditions, without any perceptible change
in the chemical composition.

—On the morphology and classi-

fication of the Chlamydomonads, by Prof. Goroshankin (in

German, with three coloured plates) ; being a full monograph on

the family, in which the following new species are described :

Chlamydomonas De-Baryana, C. Perty, C. Steinii, C. Kuteini-

kowi, C. reticulata, and C. Ehrenbergii.
—On some peculiarities

in the development and the structure of the skull of Pelobates

fuscus, by A. N. Sewertzow.—Note on the Hipparion crassum,

by Marie Pavloff (French).—On the fossil plant- bearing depo-
sits of East Russia and Siberia, by C. Kosmovsky (in French).

Z- The close similarity between the supposed Jurassic fresh-water

deposits of East Russia and Siberia and the " Artinsk
"

series

is briefly indicated.

SOCIETIES AND ACADEMIES.
London.

Royal Society, November 19.
— " On the Loci of Singular

Points and Lines which occur in connection with the Theory
of the Locus of Ultimate Intersections of a System of Surfaces."

By M. J. M. Hill, M.A., Sc.D., Professor of Mathematics at

University College, London. Communicated by Prof. Henrici,

F.R.S.
Introduction.

In a paper
" On the c- and /-Discriminants of Ordinary

Integrable Differential Equations of the First Order," published
in vol. xix. of the Proceedings of the London Mathematical

Society, the factors which occur in the c-discriminant of an

equation of the form/(x, j, c)
= o, where/(jtr, y, c) is a rational

integral function of x, y, c, are determined analytically.

It is shown ^ that if E = o be the equation of the envelope
locus of the curves/(;r, y,c) = o; if N = o be the equation of

their node locus ;
if C = o be the equation of their cusp locus,

then the factors of the discriminant are E, N^, C^.

The object of this paper is to extend these results to surfaces.

Part I.— The Equation of the System of Surfaces is a Rational

Integral Function of the Co-ordinates and one Arbitrary
Parameter.

When there is only one arbitrary parameter, each surface of

the system intersects the consecutive surface in a curve, whose

equations are the equation of the surface and the equation ob-

tained by differentiating it with regard to the parameter. (These

' The theorem was originally given by Prof. Cayley, in the Messenger of

Mathematics, vol. ii., 1872, pp. 6-12.
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equations will be called the fundamental equations in this part.)
Hence each surface touches the envelope along a curve. It is

known that the equation of the envelope may be obtained by
eliminating the parameter from the fundamental equations and

equating a factor of the result to zero. But it frequently happens
that there are other factors of the result (or discriminant) which,
when equated to zero, do not give the equation of the envelope.
These factors are connected with loci of singular points.

If each surface have one singular point, the locus of all the

singular points of the surfaces of the system is a curve. Its

equations, therefore, cannot be found by equating a factor of
the discriminant to zero. But if each surface of the system
have upon it a nodal line, then the locus of the nodal lines of
all the surfaces is a surface, and its equation may be found by
equating to zero a factor of the discriminant.

The singular points in space, the form of which depends only
on the terms of the second order, when the origin of co-ordinates
is taken at the singular point, are :

—
(i. ) The conic node.

(ii.) The biplanar node or binode.

(iii.) The uniplanar node or unode.

It is shown that a surface cannot have upon it a curve at every

point of which there is a conic node. Hence there are two
varieties of nodal lines to be considered

; the first, being such
that every point is a binode, may be called a binodal line ; and
the second, being such that every point on it is a unode, may be
called a unodal line.

It is shown that if E = o be the equation of the envelope
locus, B — o the equation of the locus of binodal lines, U = o
the equation of the locus of unodal lines, then the factors of the

discriminant are, in general, E, B^, U*, respectively.
This is the general theorem, but it is assumed in the course of

the investigation, when the discriminant is being formed, that

the fundamental equations are satisfied by only one value of the

parameter at each point on the envelope locus or on a locus of

binodal or unodal lines.

The investigation is accordingly carried a step further, and it

is shown that if the fundamental equations are satisfied by two

equal values of the parameter at points on an envelope locus,
or on a locus of binodal or unodal lines, the factors of the

discriminant are E^, B^, U*, respectively.
The geometrical meaning of the condition that the fundamental

equations are satisfied by two equal values of the parameter in

the case of the envelope is that the line of contact of the envelope
with each surface of the system counts three times over as a

curve of intersection, instead of twice as in the ordinary case.

The meaning of the condition in the case of the loci of singular
lines is that each of these loci is also an envelope.

Part II.— The Equation of the System of Surfaces is a Rational

Integral Function of the Co-ordinates and two Arbitrary
Parameters.

When there are two arbitrary parameters in the equation of

the system of surfaces, the equation of the locus of ultimate

intersections is found by eliminating the parameters between
this equation and the two equations obtained by differentiating
it with regard to the parameters. (These equations will in this

part of the investigation be called the fundamental equations.)
In general the locus of ultimate intersections is a surface.

The exceptional cases in which it is not a surface are enumerated
at the end of the paper. These include the case where the

equation of the system of surfaces is of the first degree in the

parameters. Hence it will be supposed that the degree of the

equation of the system of surfaces in the parameters is above
the first.

In general, the locus of ultimate intersections possesses the

envelope property, and the equation of the envelope is deter-

mined by equating the discriminant, or a factor of it, to zero.

If factors of the discriminant exist which, when equated to

zero, give surfaces not possessing the envelope property, then

these surfaces are connected with loci of singular points.
Now the locus of singular points of a system of surfaces whose

equation contains two arbitrary parameters is in general a curve.

Hence its equations cannot be determined by equating to zero a

factor of the discriminant.

But if every surface of the system have a singular point, then

in general its co-ordinates may be expressed as functions of the

two parameters of the surface to which it belongs. Hence the

locus of the singular points is a surface. It will be proved that

it is a part of the locus of ultimate intersections. Hence its
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equations can be obtained by equating to zero a factor of the
discriminant.

Let E = o be the equation of the envelope locus,
C = o be the equation of the conic node locus,
B = o be the equation of the biplanar node locus,
U = o be the equation of the uniplanar node locus.

Now at any point on the locus of ultimate intersections—
(I. ) There may be one system of values of the parameters

satisfying thefundamental equations.
In this case there may be envelope, conic node, or biplanar

node loci
; and the corresponding factors of the discriminant are

E, C", B** respectively.

(II.) There may be mere than one system of distinct values of
the parameters satisfying thefzmdamental eqtiations.

In this case the effect of the distinct values is additive. Thus
if there be p systems of values at a point on the envelope locus,
the factor E would occur to the/th power.

(III.) Two or more systems of values of the parameters satisfy-
ing thefundamental equations may coincide.
The results must be stated differently in the cases (o) where

the degree in the parameters of the equation of the system of
surfaces is greater than two

; (/3) where the degree in the para-
meters of the equation of the system of surfaces is two.

In the case (a) it will be shown that there may be envelope
loci in which theenvelopehasstationary contact with each surface
of the system ; conic node loci, which are also envelopes ;

biplanar node loci, in which the edge of the biplanar node always
touches the biplanar node locus

; and uniplanar node loci : and
the corresponding factors of the discriminant are E-, C^, B*, U^
respectively.
The case (yS) always falls under the next case—
(IV. ) The values of the parameters satisfying thefundamental

equations tnay become indeterminate.
If the equation of the system of surfaces be of the second

degree in the parameters, and the analytical condition hold which
expresses that the fundamental equations are satisfied by two
coinciding systems of values, then this condition requires to be
specially interpreted. For now the second and third fundamental
equations are of the first degree in the parameters, so that if they
are satisfied by two coinciding systems of values, they must be
indeterminate.

It is, however, possible to determine a single .system of values
of the parameters satisfying them. In this case the three surfaces

represented by the fundamental equations intersect in a common
curve (which is fixed for fixed values of the parameters) lying on
the locus of ultimate intersections ; whereas in the previous
cases they intersect in a finite number of points lying on the
locus of ultimate intersections.

The surface of the system, corresponding to the fixed values
of the parameters, touches the locus of ultimate intersections

along the above-mentioned curve.
In general, there are two conic nodes of the system at every

point of the locus of ultimate intersections. The parameters of
the surfaces having the conic nodes are determined by two
quadratic equations, called the parametric quadratics ; and in

general the roots of each parametric quadratic are uneqtial. In
this case the corresponding factor of the discriminant is C-. If
the roots of both parametric quadratics are equal, the two surfaces

having conic nodes are replaced by one surface having a biplanar
or uniplanar node. In this case the corresponding factors of the
discriminant are B^, U*, respectively.

If the parameters of one of the surfaces having a conic node
become infinite, this surface may be considered to disappear,
and there is but one conic node at each point of the locus of
ultimate intersections. In this case the corresponding factor of
the discriminant is C^.

If the parameters of both surfaces having conic nodes become
infinite, both these surfaces may be considered to disappear, and
the locus of ultimate intersections is an envelope locus (touching
each surface of the system along a curve). In this case the

corresponding factor of the discriminant is E^.
If the parameters of both surfaces having conic nodes become

indeterminate, then there are at each point an infinite number of

biplanar nodes, and each surface of the system has a binodal
line lying on the locus of ultimate intersections. In this case

;he corresponding factor of the discriminant is B*.

Physical Society, November 20.—Prof. W. E. Ayrton,
F.R.S., President, in the chair.—Dr. Philippe A. Guye gave
a short account and discussion of the various forms which have
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been given to the general equation expiessing the behaviour of

liquids and gases under different conditions of volume, tempera-
ture, and pressure, by Van der Waals, Clausius, Sarran, Violi,
Heilborn, and Tait. He first considered the equation of Van
der Waals, which, although only an approximation to the true

one, may be made to lead to numerous important deductions.
He then showed that, of the various more exact formula-

proposed, that of Sarran is the simplest, and may be used
with less expenditure of time and trouble than any of the
others. In conclusion, he insisted on the necessity of experi-
mental researches as the only means of arriving at a definite
conclusion as to which of the various formulae is the true one ;

such researches should involve determinations, as exact as

possible, of the critical constants, and of isotherms at high tem-

peratures and great pressures. Prof. Ramsay inquired whether
the constants in the formula of Clausius had any physical
meaning, or were they merely numbers ? M. Guye, in reply,
said that, although j^ot^ of the constants in the improved formulee
nad nhysica! interpretations, Van der Waals's equation was the

oniy one in which all the constants had precise physical signi-
fications. Prof. Riicker said it was only necessary to look at the
formulae to see how important a factor Van der Waals's expres-
sion had been in later developments of the subject. Although
it did not agree with experiment under all conditions, par-
ticularly at small volumes, yet it was a close approximation
over a considerable range, and was the only formula in which
all the constants had definite physical meanings. Prof. Tait
had pointed out that the number of constants were too few to

fully represent the facts, for, by following Andrews's reasoning,
he had shown that about the critical point a straight line cuts
the isotherm in five points. Nevertheless, during the last twenty
years all the so-called improved formula.' were modifications of
Van der Waals's expression, and this, he thought, showed how
valuable the original formula was. Prof. Fitzgerald said he once
tried how far Llausius's formula agreed with the experimental
results published by Messrs. Ramsay and Young, and after

several months' work, relinquished it on account of the tremen-
dous labour involved. He thought that such complicated
formulce retarded rather than advanced science

; simple ones

(even if less accurate) were likely to lead to greater advance-
ment. Prof. Carey Foster remarked that the expression
pv = RT, which is nearly true for gases, was the starting-point
of all subsequent advances. Van der Waals had arrived at a
still closer approximation by taking into account the volume
occupied by the particles and their mutual pressure. The
President said Van der Waals's memoir had been adversely
criticized because of its supposed insufificienl recognition of
Andrews's investigations on the subject. Better acquaintance
with the work had, however, shown this criticism to be un-
deserved.—Dr. C. V. Burton read a paper on a new theory
concerning the constitution of matter. It is assumed that it

is possible to have in the ether a distribution of strain which is

itself in equilibrium. Such a distribution is called a "strain-

figure." An atom is looked upon as an aggregation of strain-

figures, the possible varieties of strain-figures (and hence of

atoms) being limited by the conditions of equilibrium, and the
sizes of possible strain- figures dependent on the coarsegrained-
ness of the turbulent motion or other structure of the ether.

The motion of matter is considered to be merely the trans-

ference of a strain distribution from one portion of the ether to
another. This the author illustrated by causing a loop to travel

along a rope, the loop being regarded as a strain distribution

which is propagated along the rope, whilst the rope itself is not
transferred. Such transference may occur without encountering
any resistance, and the strain-figure will retain the same form,

provided the velocity is small compared with that at which

gravitation is propagated. The equations of motion of a strain-

figure are deduced, and are shown to be identical with those of

ordinary matter, provided certain conditions of symmetry are
realized. It is also shown under what conditions an atom consist-

ing of strain-figures would have a finite number of degrees of free-

dom, and some attempt is made to examine how gravitation and
other attractions might follow from a distribution of stress in the
strained ether. An inquiry is also made into the reason why j
elements have fixed properties, and their transmutation is dis- I

cussed. Prof. Fitzgerald, referring to the elastic-solid theory
•

of the ether, said Sir W. Thomson's more recent papers had
thrown considerable doubt upon it. The propagation of strain-

figures was, he thought, a case of wave motion. In his lectures

he had likened the passage of matter through space to that of a

drop of water through ice, the ice in front melting, and the rear

]
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of the drop freezing as the liquid state progressed. Many
"oints raised in the paper were, he said, very interesting, and

:e suggestion that the discrete nature of atoms is the result of
e coarse-grainedness of matter, very good. On the other

hand, he considered the static treatment of strain- figures im-
proper, for the ultimate conditions must be kinetic. Dr. O.
Lodge agreed with Prof. Fitzgerald in regarding the motion of
the loop along the rope as a wave motion whose velocity of

propagation is equal to that of the loop. A similar case occurs
when a ring of rope is spinning, and has a pulse impressed on it

at one point, for the pulse travels at the same speed as the rope.—A paper on a permanent magnetic field, by Mr. W. Hibbert,
was postponed until next meeting.

Royal Microscopical Society, November i8.— Dr. R.
Braithwaite, President, in the chair.—A special meeting was first

held, at which certain alterations in the by-laws were proposed by
the Council, and accepted by the Fellows. The ordinary meeting
was then constituted.—Mr. C. L. Curties exhibited and described a
small heliostat made on the lines laid down by Mr. Comber. It was
simple and effective, and was adapted for use in any latitude
between 15^ and 70°.—Mr. J. W. Gifford read a paper on the
ve%o\\xt\on o( A mphtpletira pellucida. Mr. Gifford said he had
examined a frustule of ^./^//^/^Vrt: with sodium light illumina-
tion, that being the most convenient form of monochromatic
light at the time. Under this light A. pellucida unmistakably
showed dots, which became more marked as the frustule was
shifted to the side of the field of vision. The question then
arose as to the possibility of photographing the object by the

light of the sodium flame, and plates treated with an erythrosine
bath were used. It occurred to him that a trough containing a
solution of iron perchloride used as a screen would cutoff all the
blue end of the spectrum, and also some of the green, leaving
only the green yellow, yellow and red ; but on the other hand,
he found the erythrosine plates were only sensitive as far down as
the yellow, more especially to the green-yellow. In this way
the part of the spectrum used for photographing could be
reduced to a narrow band about midway between the D and E
lines in the solar spectrum. By this means he succeeded in

obtaining the photographs exhibited, and which he had avoided
touching up. Whether these markings were true or spurious was
a question he did not touch, but they appeared to have as good
a claim as those on Surirella gemma. He thought it more
probable that in both cases they were simply multiplied rings of

,
the midrib and sides produced by the higher order ofdiffrac-

.tion spectra according to the Abbe theory. The mounts of
A. pellucida used were of realgar, or rather a higher sulphide of

arsenic, prepared by mixing sulphur with realgar. He found it

extremely difficult to make mounts with such a large proportion
of realgar. The mounts being of a deep orange colour inclining
to red, enabled the coloured screen to be dispensed with. But
this highly refracting medium very soon cracks off the cover-

glass. The advantage of working with this form of illumination
and a suitable colour-correct plate is that ordinary achromatic

object-glasses perform almost as well as apochromatic. He could
not see the beaded markings with any glass of less aperture than

i"4 ; the best results being obtained with Powell and Lealand's

apochromatic ^-j,
of i'5, also with their achromatics .,V of 1-5 and

yV of I •43. He also used in photographing a Zeiss projection
ocular.—Mr. E. M. Nelson, speaking of the value of drawings
made with Beale's neutral tint reflector, said he had tested the
matter by making a drawing of lines on a micrometer scale of

^•5ij mm. under an apochromatic objective giving a magnifying
power X 850 ; he found on measuring that they showed only a

very slight displacement.—Mr. Curties exhibited a new form of

microscope made on the Nelson model.—Mr. Nelson described
some improvements in his apparatus for producing pure mono-
chromatic light for use with the microscope.—Mr. A. W. Bennett

ga.YQ 3. resume o( h.\s paper on the fresh- water Algae of South-
west Surrey, in which he describes several new species.

Cambridge.

Philosophical Society, November 9.
—Dr. Gaskell in the

chair.—The following communications were made :
—On a

Peripatus from Natal, by Mr. A. Sedgwick.
—On variations

in the colour of cocoons {Salurnia carpini and Eriogaster
lanestris), with reference to recent theories of protective colora-

tion, by Mr. W. Bateson. The cocoons of several moths, e.g.

the emperor and small egger, vary in colour from dark brown to

white. It is believed by some that these colours have a

protective value as a means of concealment, and
(it

has been
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stated by Poulton and others that when spun on leaves which
will turn brown, or in dark surroundings, the cocoons are dark,
while they are white if spun on white paper. To account for
this phenomenon ''the existence of a complex nervous circle

"

has been assumed. The present experiments showed that it is

true that larvas left to spin on their food-leaves produce dark
cocoons, and also that if they are taken out and put in white
paper the cocoons are white. But it was found that larvae

similarly taken out and made to spin in dark substances also

spun white cocoons, and indeed that starvation, parasites, or
interference at the time of spinning, lead to the production of a
white cocoon. On the contrary, if white paper is put amongst
the food, so that the larvoe can, of their own choice, walk into
it and spin, the cocoons are generally dark. It was noticed
in several cases that larvae which had been shut up evacuated a

quantity of dark juice having the natural tint of the cocoon, and
the suggestion was hazarded that absence of colour in the cocoon

I
perhaps results from the loss or retention of this juice, which
may be of the nature of meconium.—Exhibition of Phylloxera
vastatrix, by Mr. A. E. Shipley.

—On digestion in At?imoca;tes,

by Miss R. Alcock (communicated by Dr. Gaskell).—On the
reaction of certain living cells to methylene-blue, by W. B.

Hardy.—The chair was taken by Prof. Hughes during the

reading of the last two papers.

Paris.

Academy of Sciences, November 30.
—M. Duchartre in

the chair.—The reclaiming and cultivation of land in the

Camargue, by M. Chambrelent. A description of the irrigation,

cultivation, procuring of potable waters, and means of transpor,
introduced in the Camargue. This district is contained between
two branches of the Rhone, 50 and 58 kilometres long re-

spectively, which reach the sea at points about 40 kilometres
from each other. The bifurcation occurs at Aries, about 50 kilo-

metres from the coast. At the beginning of this century the land
was absolutely unfertile, and the inhabitants were unprovided
with potable water. The author states the success that has
attended the efforts that have been made to remedy this state of

things, and bring the land under cultivation.—-Observations of
the asteroid discovered by M. Borrelly, at Marseilles Obser-

vatory, on November 27, 1891, by M. Borrelly. The positions
are given for November 27 and 28.—Resume of solar observa-
tions made at the Royal Observatory of the Roman College,
during the third;quarter of 1891, by M. P. Tacchini. (See Our
Astronomical Column.)—On the tides of the Bay of St. Malo,
by M. Heurtault. The author has made tidal observations at

St. Malo for the last eighteen years, and states some of the
results. The mean monthly level of the sea appears to have a
minimum value in April and a maximum in October. The
mean annual level increased gradually from 1874 to 1883, and
has since been diminishing. The establishment of the port also
indicates similar variations. Thus it passed from 6h. 55m.
in 1874 to 6h. io"24m. in 1884, and has since exhibited a

tendency to diminish. Its months of maxima are April and

September, and of minima July and December, the general mean
being 6h. 8'9m. Contrary to Laplace's statement— " Plus la

mer s'eleve lorsqiCelle est pleine, plus elle descende en basse mer
suivante"— it has been found from observations of 45 tides, that
in only 25 did the lowest sea follow the highest tide ; 3 times it

immediately preceded, and 17 times it occurred two tides before.—
Phosphides of boron, by M. A. Besson.

'

The preparation and

properties of boron phosphide, PB, are described
;
the possible

existence of a more stable compound is also indicated.—On the
bromine derivatives of methyl chloride, by M. A: Besson. The
compounds CH2BrCl and CHBrjCI have been prepared. The
author has not yet succeeded in isolating CBr^Cl. (i) The
compound CH.^BrCl is a colourless liquid distilling without de-

composition at -t- 68°, solidifying at -
55° ; its specific gravity is

I '90. (2) CHBrjCl boils between 117'^ and 119°, and solidifies

at -
32°.
—On a modification of the calorimetric bomb of M.

Berthelot, and upon the industrial determination of the calorific

power of combustibles, by M. Pierre Mahler.—On the fixation

of free nitrogen by plants, by MM. Th. Schloesing, Jun., and
Em. Laurent. The conclusions drawn from the data obtained are
the following :

—
(i) There are some inferior green plants capable

of fixing gaseous nitrogen. (2) Under the conditions of experi-
ment peas take up much atmospheric nitrogen, whereas fallow

soils, oats, mustard, cress, and spurrey are n)t capable of fixing a
measurable quantity. The paper has remarks by M. Berthelot

appended.
—The ammonia in the atmosphere and in the rain of
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a tropical region, by MM, V. Marcano and A. Muntz. The
observations were made at Caracas, in the Gulf of Venezuela,
lat. io°'3 N., altitude 922 metres. An examination of twenty
samples of rain gave a mean proportion of ammonia of i "58

milligram per litre, with a minimum of 0*37 and a maximum of

4 •01. The proportion of gaseous ammonia present has been
determined by exposing a known surface of acidulated water to

the air and observing the ammonia absorbed in a certain time.

Eleven determinations, extending over 174 days, have been
been made, and they show that, on the average, an acid sur-

face of I mq. absorbed, in twenty-four hours, 12*52 mgr. of

ammonia, with a minimum of 5*30 mgr. and a maximum of

27 mgr. It appears, therefore, that the air of the tropical sta-

tion is not so rich in gaseous ammonia as that of temperate
regions.

—Influence of the sun's rays on the bacilli of fermenta-
tion found on the surface of grapes, by M. V, Martinand.— On
some effects of the parasitism of plants, by M. A. Magnin.

DIARY OF SOCIETIES.
London,

THURSDA V, December 10.

Royal Society, at 4.30.
—( n a. Compensated Air-Thermometer : H. L.

Callendar.—Note on the Necessity of using Well-annealed and Homo-
geneous Glass for the Mirrors of Telescopes : A. A. Common. F.R S.—
On some of the Properties of Water and of Steam : Prof. Ramsay,
F.R.S., and Dr. Young.—On the Surya Siddhanta (Hindoo Astronomy) :

W. Brennand.—Repulsion and Rotation produced by Alternating Electric
Currents : G. T. Walker.

Mathematical Society, at 8.—The Equations of Propagation of Dis-
turbances in Gyrostatically-loaded Media: Dr. J. Larmor.—Theory of
Elastic Wires: A. B. Basset, F.R.S.-^Researches in the Calculus of
Variations; II. Discrimination of Maxima and Minima Solutions when
the Variables are connected by Algebraical Equations, the Limits being
supposed Fixed : E. P. Culverwell.

Institution of Electrical Engineers, at 8.—Annual General Meeting.—Election of Council and Officers.—On the Specification of Insulated Con-
ductors for Electric Lighting and other Purposes : W. H. Preece, F.R.S.

London Institution, at 7.— An Hour with my Mozart Manuscripts
(Illustrated) : Prof. Bridge.

Camera Club, at 8.—A Short Description and Demonstration of New
Telescopic Lens for Photography : T. R. Dallmeyer.—The Use of the
Lantern for Scientific Illustration : Dr. A. H. Fison.

FRIDAY, December ii.

Royal Astronomical Society, at 8.

Institution of Civil Engineers, at 7.30.
—Meters for Recording the

Consumption of Electrical Energy: C. H. Wordingham.
Camera Club, at 8.—Retouching Class.

SATURDAY, December 12.

Royal Botanic Society, at 3.45.

SUNDAY, December 13,
Sunday Lecture Society, at 4.

— The Origin and History of the
Thames (with Oxyhydrogen Lantern Illustrations) : Prof. J. F, Blake.

MONDAY, December 14.
Society of Arts, at E.—The Pigments and Vehicles of the Old Masters :

A. P. Laurie.
Aristotelian Society, at 8.—The True Sense of the Term a priori:

J. H. Muirhead.
London Institution, at 5.—Tropical Plants and Flowers (Illustrated) :

D. Morris.

Camera Club, at 8.30.
—Development : Lyonel Clark.

TUESDAY, V>-B.c-EM^^^ IS-
Royal Statistical Society, at 7.45.—Enumeration and Classification
of Paupers and State Pensions for the Aged : Charles Booth.

University College Biological Society, at 5.15.
—The Sources of

Nitrogenous Food of Leguminous Plants : H. Thompson.
Institution OF Civil Engineers, at 8.—The Sale of Water by Meter in

Berlin ; Henry Gill, (Discussion.)

WEDNESDAY, December 16.

Society of Arts, at 8.—Typological Museums, as Exemplified by the
Pitt Rivers Museum at Oxford : General Pitt Rivers.

Royal Meteorological Society, at 7.
—Report on the Thunderstorms

of 1888 and 1889 : William Marriott.—On the Prevalence of Fog in London
during the Twenty Years 1871-90 : Frederick J. Brodie.

Royal Microscopical Society, at 8.—On the Resolution of Podura:
Hon. J. G. P. Vereker.

Institution of Civil Engineers, at 2.—Students' Visit to the Stations
of the Westminster Electric Supply Corporation, 11 Millbank Street, and
Eccleston Place, S.W.

Camera Club, at 8.—Retouching Class.

THURSDAY, December 17,
Royal Society, at 4.30.
Linnean Society, at 8.—Development of the Head of the Imago of
Chironomous : Prof. L. C. Miall and A. R. Hammond.—On Two Species
of Cumacea in New Zealand : G. M. Thomson.

Chemical Society, at 8.—The Composition of Cooked Vegetables ; Miss
K. Williams.—On some Metallic Hydrosulphides : S. E. Linder and H.
Picton.—On the Physical Constitution of some Solutions of Insoluble

Sulphides: Harold Picton.—Solution and Pseudo-solution: H. Picton
and S. E. Lindor.—The Change proceeding in Acidified Solutions of
Sodium Thiosulphate when the Products are retained within the System ;

and The Action of Sulphurous Acid on Flowers of Sulphur : Dr. A.
Colefax.—The a and /3 modifications of Chlorobenzene Hexachloride :

Dr. Matthews.—Camphrone, a Product of the Action of Dehydrating
Agents on Camphor ; Drs. Armstrong and Kipping.—Studies on the

Dibromonaphthalenes : Dr. Armstrong and Mr. Rossiter.
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London Institution, at 6.—Winchester Cathedral (illustrated): Very-
Rev, the Dean of Winchester.

Camera Club, at 8.30.
—Simplified CoUographic Process (Description and

Demonstration) : Leon Wamerke.

FRIDAY, December 18.

Physical Society, at 5.
—On Interference with Alternating Currents : H.

Kilgour.
Camera Club, at 8.—Retouching Class.
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—The Powers which
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siiats-Sternwarte in Wien, Band vii. (Williams and Norgate).—Travels in

Africa during the Years 1879-1883 : Dr. W. Junker ; translated by A. H.
Keane (Chapman and Hall).

—An Essay on Reasoning : E. T. Dixon
(Cambridge, Deighton).—Proceedings of the U.S. National Museum, vol.

xiii., 1890 (Washington).'—An Introduction to Chemical 'J'heory : Dr. A.
Scott (Black).—Himalayan Journals: Sir J. D. Hooker (Ward, Lock).—
Falling in Love, &c. : Grant Allen ; new edit. (Smith, Elder).

—Nature and
Man in America: N. S. Shaler (Smith, Elder).
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—Connaissance des Temps

ou des Mouvements Ctilestes, 1893 (Gauthier-Villars).
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Loewy (Gauthier-Villars).—The Harveian Oration on Harvey in Ancient
and Modern Medicine : Dr. W. H. Dickinson (Longmans).—The
Cause of an Ice Age ; Sir R. S. Ball (Kegan Paul).

— Scien-

tific Results of the Second Yarkand Mission—Introductory Note and

Map, 1878-91.
—Scientific Results of the Second Yarkand Mission—Aves :

Dr. R. B. Sharpe (Taylor and Francis).
—Animal Sketches : C. Lloyd

Morgan (Arnold).—A Manual of Physics : Dr. W. Peddie (Bailliere).—

Memory, its Logical Relations and Cultivation : Dr. F. W. Edridge-Green ;

2nd edition (Bailliere).
Pamphlets.—Connaissance des Temps. Extrait pour I'an 1892 (Paris,

Gauthier-Villars).
—Australian Museum, Sydney ; Hand-List of Australiarv

Mammals : J. D. Ogilby (Sydney).
—Compass-Deviation ; Syllabus ot

Examination in the Laws of Deviation (Imray).
Serials.—Records of the Australian Museum, vol. i.. No. 9 (Sydney).

—
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—Proceedings of the Academy
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TWO ZOOLOGICAL TEXT-BOOKS.

Text-book of Comparative Anatotny. By Arnold Lang,
Professor of Zoology in the University of Ziirich.

Part I. Translated into English. (London: Macmillan
and Co.)

Lehrbuch der vergleichenden Entwickelungsgeschichte
der Wirbellosen TJiiere. Von Dr. E. Korschelt und
Dr. K. Heider. Parts L and II. (Jena : Fischer.)

THERE
can be no doubt that the first-named of these

two treatises, containing, as it does, a number of

new engravings and process-cuts, and a recognition and

exposition of some of the recent advances in zoological
science relating to Invertebrata, will be useful to junior
students in our Universities.

Whilst it will, no doubt, fulfil the author's purpose, and
have a measure of success in its original German form,
I must confess that it does not appear to me to be

altogether satisfactory, whether we view it as an element-

ary sketch for junior students or as a work designed to

assist the serious devotee of zoological research.

The most serious defect in the book from the latter

point of view is that no attempt whatever is made to refer

a given statement to the author who is responsible for it.

A very short bibliography is appended to each chapter,
but the reader of the book receives no assistance in

tracing a new or striking observation to an original

source. This curious reticence as to original authorities

is carried to an extreme. For instance, on p. 137 there

is a brief description (without figures) of Coeloplana and

Ctenoplana ;
Korotnefif is alluded to anonymously as "

the

discoverer of Ctenoplana
"

; neither his name nor that of

Kowalewsky, the discoverer of Coeloplana, are mentioned
;

and the student has no means afforded him, either

through the text or through the scanty bibliography, of

finding out anything more as to these two remarkable
forms. The same defect characterizes every page of the

book ; a very little trouble would have sufficed to remedy
this, and thus not only to make the book useful to

students but also to do justice and honour to those

whose statements and observations Prof. Lang uses in

order to build up his treatise.

The exact classification adopted by a writer nowadays,
in so far as zoology is concerned, is to a large extent a

matter of taste. One cannot expect to find oneself in

agreement with a colleague on all matters of the kind.

Prof. Lang is an authority on the Platodes or flat-worms,
and I am glad to see that he assigns them a distinct

position as an independent
"
phylum

" of the animal

kingdom ; but I think that he has seriously injured the

usefulness of his work by recognizing the " Vermes " as a

phylum, including in it such diverse groups as the

Nemertina, the Nemathelmia, the Annulata, the Proso-

pygia, the Rotatoria, and as an appendage (why an

appendage when we have already such a mixed lot?) the

Chaetognatha. Prof. Lang, after doing this, proceeds to

condemn his own action by stating that the so-called

phylum of Vermes "
is by no means a natural, well-

demarcated division of the animal kingdom ; now, as

heretofore, it is like a lumber-room, to which all those
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groups are relegated which cannot be placed elsewhere."

Prof. Lang was not compelled to maintain this ridiculous

lumber-room. The consequence of doing so is that he is

unable to treat any of the included classes fairly, and
that some of the most important problems in morphology
are tacitly assumed as solved, or are withheld from the

student's consideration. Under the heading
" Blood -

vascular System," in the chapter on Vermes, we find

brought together, and treated as though morphologically
identical structures— (1) the canal system of the Nemer-
tines ; (2) the sub-cuticular network of the Acantho-

cephala ; (3) the sinuses, vessels, and capillaries of the

Leeches
; (4) the closed vascular system of Chsetopods ;

(5) the tentacular vessels of Sipunculids ; (6) the red-

corpuscled vascular system of Phoronis ; and (7) the

unexplored vascular systems of Brachiopods. Neither

the method of juxtaposition adopted nor the space given

permits the author to discuss whether any two of these

so called
" blood-vascular systems" are homologous with

one another, or whether any one of them is entitled to

the name at all. It seems to me that, whilst senior

students will be disappointed by the absence of any
attempt to deal with the difficult problem of the real

nature of the canals and their contained fluids in the

cases of Nos. i and 3, the junior student will be seriously
misled by the easy assumption that any system of canals in

the so-called
" Vermes "

may be called
" a blood-vascular

system," and is homologous with any other, and with the

standard blood-vascular system, viz. that of man. The
entire chapter on the Vermes seems to me to be mis-

leading, owing to the author's attempt to deal in a few

pages with a number of very different but important

groups under this unfortunate heading.
I need hardly say that I am sorry that Prof. Lang

adheres to the old view (p. 540) that
"
the Arachnoidea

are not nearly related to the Xiphosura and fossil

Gigantostraca, but are racially connected with the

Antennata, and are to be considered as Tracheata which
have lost their antennae." It is perhaps only natural that

I should distrust the judgment of a zoologist who can at

the present day maintain the above propositions. How-
ever much I may admire his original work on the

Planarians, I cannot consider him a good general guide
for the student of zoology. Though I regret Prof. Lang's
opinion on this subject, I am not surprised at it, for, in the

statement which follows his expression of opinion, he

gives a one-sided and erroneous summary of the facts

which he thinks can be adduced on either side of the

question. Here, as so often elsewhere in the book, one
notes the injustice done by Prof. Lang in not citing the

name and the work of the author whom he is imperfectly

quoting. The student who reads what Prof. Lang has

to say on the relationship of the Arachnida to Limulus-

and the Eurypterines will be misled as to the mere facts

of the case, and will not be helped by any reference

towards obtaining a fuller knowledge of this interesting
matter.

Though many of the illustrations are excellent. Prof.

Lang's book cannot be recommended to English readers

either for its originality or for its faithful exposition of

cotemporary knowledge.
The translation appears to be fairly well executed,

though the word "apparati," on p. 268, and the repeated

H



146 NA TURE [December 17, 1891

use of " Disconanthe" and "
Siphonanthe," in place of

"
Disconanthce" and "

Siphonanthae," are astonishing,
when we note that the translator is M.A. of the University
which refuses to inquire whether "compulsory Greek" is

useful or not.

A very different work from Prof. Lang's is the treatise

on the embryology of the Invertebrata by Drs. Korschelt
and Heider, of the University of Berlin, of which an

English translation is in preparation. Two parts of this

admirable book have appeared, containing 900 pages and
more than 500 woodcuts, dealing with the embryology of

the Porifera, Cnidaria, Ctenophora, Platyhelmia, Ortho-

nectidae, Dicyemidse, Nemertina, Nemathelminthes,
Acanthocephali, Rotatoria, Annelida (including Echiurids
and Leeches herein), Sipunculidae, Chsetognatha, Entero-

pneusta, Echinoderma, and the Arthropoda. The various

classes of the last-named phylum occupy two-thirds of

the work at present issued. There remain still to be
dealt with the Mollusca, the Bryozoa, and the Tunicata.

The best idea which can be given of the scope and
value of this work is obtained when we compare it with
Frank Balfour's treatise on comparative embryology. It

is not too much to say that it is the most valuable

text-book for the zoological student which has appeared
since Balfour's book, and is a worthy successor to it. The
mass of literature, vast as it was ten years ago, has

increased enormously in the interval. Drs. Korschelt

and Heider have carefully gone over it all
;
and not only

that, but they accurately and clearly give each author's

contribution to the subject in hand, citing authority for

every statement made, so that the student can go to the

original treatises for fuller detail. I do not know of any
scientific treatise which shows so clearly the authors'

desire to do justice to every fellow-worker of whatever

nationality, and to produce a work which shall be a com-

plete and trustworthy guide to the recent literature of a

prodigiously prolific subject. Very often the authors

abstain from offering a decided opinion upon a matter

where the observations made have led previous writers

to diverse conclusions : such cases are those in which the

facts are incompletely observed and obviously require
renewed investigation. But where the observed facts on
one side or the other are of a decisive character, the

authors, after giving both sides in detail, exercise a

judicial function.

The book deals not only with the earlier but also with

the later stages of development, and not merely with the

facts of embryology, but with the conclusions as to the

affinities of groups, which are so severely tested by
the progress of embryological inquiry.

It is not possible to particularize in regard to such a

work as this, but I have been struck by the very full way
in which the morphology of the Crustacea, and each

succeeding class of Arthropods, has been dealt with in

every respect in which embryology throws light upon it.

A very fully illustrated chapter gives a complete and im-

partial account of the researches of Sedgwick, Sheldon,
and Kennell on the development of different species of

Peripatus. The question as to the relationship of the

Arachnida to Limulus and the Eurypterines, alluded to

above, is fully treated by Drs. Korschelt and Heider. They
summarize the arguments with clearness, and state and
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weigh fairly nearly every fact which has been adduced in

favour of the association of Limulus and the Eurypterines
with the Arachnida. Their conclusion is as widely
different from Lang's as is their method of discussion.

There can be no doubt that we have in this new treatise

on comparative embryology one of those invaluable,

indispensable works for the production of which authors
receive the gratitude and esteem of their fellow-workers
in all lands. It is a truly first-rate book.

E. Ray Lankester.

MODERN ARTILLERY.
The Artillery of the future and the New Powders. By
James Atkinson Longridge, M.I.C.E. (London : E.

and F. N. Spon, 1891.)

MR.
LONGRIDGE keeps pegging away at his

favourite subject, which he originally brought for-

ward, now more than thirty years ago, in the Proceedings
of the Institution of Civil Engineers.

His valuable ideas are at length receiving recognition,
and his principle of strengthening guns, by layers of wire

wound with appropriate initial tension, is now largely

employed in the construction of modern ordnance.

The chief object of the present book is to point out

that the fullest application of his principle of wire

strengthening permits of the use of much higher powder
pressures than are considered admissible in Government
circles ;

and that thereby guns may be much shortened

and reduced in weight, while at the same time the full

power of the most modern high explosives can be utilized.

This is to a great extent a return on the steps which

have guided our gun designers in recent years ;
their chief

object being, to reduce initial pressure as much as pos-

sible, say down to 17 tons per square inch, and to get
the full power out of the powder by a great increase in the

length of bore, up to 40 and even 50 calibres in length in

guns of large size.

Mr. Longridge is fully acquainted with all the valuable

and original work in gunnery science which has been

developed of late years in France by Sarrau, Veille, and
Sebert

;
and analyzes carefully in chapters ii. and iii.

the various experimental methods and empirical formulas

in use for the measurement of powder pressure in the bore

of a gun.
In chapter iii. he attempts a theoretical explanation

and formula for maximum pressure and total energy, but

his investigation rests upon an assumption of the adiabaiic

law ; and the mathematical treatment is not presented
in an inviting or elegant form. Considering the unex-

plained chemical combinations which affect the rate of

combustion of the modern smokeless powders, this

mathematical assumption can only roughly account for

an average performance, and leaves unexplained the

violent abnormal effects sometimes experienced and

shown in General Wardell's curves, to guard against

which the gunmaker has to exercise a vigilant caution.

General Brackenbury is quoted as calling gunpowder
the Spirit of Artillery, and in his official capacity, Super-

intendent of the Royal Gunpowder Factory, as a maker

of gunpowder, saying metaphorically,
" How sad the body

is so weak "
in preference to

" What a pity the spirit is so

strong."
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But so long as steel is the strongest material of which

the bod)
—the gun—can be constructed, makers of

powder and explosives, new and old, must be content to

moderate and regulate the strength of their compounds.
Much was expected of gun-cotton in its early days as a

propulsive agent, but these hopes were falsified by the

uncertainty of its action.

Again, with the vast extent of our Empire, climatic con-

ditions have to be considered in their bearing on the

action and preservation of explosives, conditions which

do not affect French or German artillerists, who know
the exact limits over which their warlike operations must

take place. A. G. G.

GIANTS AND ACROMEGALY.
The Skeleton of the Irish Giant, Cornelius Magrath.

By Dr. D. J. Cunningham, F. R.S. (Dublin : Published

by the Royal Irish Academy, 1891).

^TOTWITHSTANDING
the close attention which

^ has been applied to the clinical aspects of

disease during so many centuries, every now and then

some observer, more acute than liis brethren, recognizes
a morbid condition which had not previously been satis-

factorily discriminated, and gives to it a name. Al-

though in some cases the form of disease is thought to be

new, and is described as such, it is generally found, when
the records of medicine are examined, that correspond-

ing cases and symptoms had been noticed previously,

although their import had not been properly understood,
and they had not been distinguished by a special name.

Amongst the latest contributions in this direction is

a memoir published in 1886 by M. Pierre Marie, in

which he described a morbid condition where the hands
and feet were enlarged out of proportion to the rest of

the body, chiefly due to a hypertrophy of the soft parts ;

and where the face had become remarkably elongated
and deformed, partly from hypertrophy of the soft parts,

but more especially from an increase in magnitude of the

bones of the face, of the glabella and supraciliary ridges
of the frontal bone, and of the pituitary fossa. To this con-

dition M. Marie gave the name of Acromegaly. The
attention of physicians and pathologists having thus been

directed to the subject, several similar cases were described

in the course of the next three or four years ; and a few
other cases and specimens previously recorded in medical

literature were recognized as having been similarly
affected. One of the most important of these was a

skeleton in the Anatomical Museum of the University
of Edinburgh, which was determined by Dr. H.

Alexis Thomson to be a case of acromegaly, and the

giant characters of the skeleton were associated with the

peculiarly hypertrophied condition of the soft parts above

referred to.

It was the perusal of Dr. Thomson's account of

the Edinburgh skeleton which led Prof. Cunning-
ham to pay especial attention to the characters dis-

played by the skeleton of the Irish giant Cornelius

Magrath, which has been in the museum of Trinity

College, Dublin, for 131 years, and to conclude

that it also was an example of acromegaly. Dr.

Cunningham's memoir, in addition to the anatomi-
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cal description of the skeleton, contains much interesting

information relative to Magrath himself, which he has

collected from various quarters. Magrath was born in

Tipperary in 1736, and died in Dublin in 1760, at the

age of 23. He seems to have attained a height of 6 feet

85 inches when he was only sixteen years old
;
and for

several years he travelled about as a show, and visited

many of the great cities of Europe. The accounts which

were given of his height in the periodical literature of the

day, after he had reached his full dimensions, varied

considerably ; and a most exaggerated statement, that he

was 8 feet 4 inches, made apparently with the view of

out-rivalling the altitude of the skeleton of another Irish

giant, Charles Byrne, in the Hunterian Museum, London,
has found its way into anatomical literature. Dr. Cun-

ningham has subjected all these statements to a careful

analysis, and has studied and examined the skeleton

itself, from which he concludes that the articulated

skeleton is only 7 feet i\ inches high, and that this in all

probability expresses the maximum height during life.

Magrath is thus by no means the tallest giant whose

height has been put on record. Charles Byrne was

three or four inches taller ; and Topinard, Ranke and

Virchow have recorded examples of persons who ranged
in height from 7 feet 3I inches to 8 feet \\ inches. From
an examination which Prof. Cunningham has made of

the skeleton of Byrne in the Hunterian Museum, he has

come to the conclusion that in certain particulars, eg. the

magnitude of the lower jaw, the dilated pituitary fossa,

and the great size of the feet, it presents some of the

characters of acromegaly. It must not, however, be

supposed that giant growth is necessarily associated

with the condition of acromegaly ;
for although it is not

unusual to find the lower jaw disproportionately large in

giants, yet it by no means follows that the other signs of

acromegaly should be present.

Dr. Cunningham suggests that the morbid condition

which M. Marie christened acromegaly should be known

by the more etymologically correct term of "
megalacria."

PEAKS AND PASSES IN NEW ZEALAND.
With Axe and Rope in the New Zealand Alps. Bj-

George Edward Mannering. With Illustrations. (Lon-
don : Longmans, Green, and Co!, 1891.)

TEN years ago the ice scenery of the New Zealand

Alps was almost unknown even to the colonists.

But in 1882 the Rev. W. S. Green, with two first-class Swiss

guides, explored the glacierregion beneath the highest peak—AorangijOr Mount Cook—and arrived, after a long, diffi-

cult, and dangerous climb, on the summit of that mountain.

His delightful volume " The High Alps of New Zealand,"

and the laborious explorations of Dr. von Lendenfeld in

the following year, indicated that a region, certainly not

inferior in grandeur and beauty to the Alps of Europe,
could be reached in a journey of little more than two

days from Christchurch. Since then the "Britain of the

South" has become proud of possessing the "playground
of Australasia

"
;
the number of visitors has been rapidly

increasing ;
an hotel has been built in a convenient

situation near the foot of one of the glaciers ; surveys
have been undertaken ; and the author of this volume,

,
with one or two friends—inexperienced in mountain craft
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but inured to rough work in a wild country
—commenced,

in 1886, a series of expeditions in the
"
High Alps

"
of the

Antipodes.
The Southern Alps proper, for over one hundred miles,

form the backbone of the South Island, running roughly
from north-east to south-west, the crest of the chain lying
much nearer to the western than to the eastern coast. In

the neighbourhood of Aorangi the former is about twenty
miles away, while the distance of the other is quite five

times as much. Thus the valleys -fall more rapidly
towards the west than towards the east, on which side

also a wide tract of plain separates the sea from the foot

of the hills. But in one respect, the New Zealand Alps,
at any rate on their eastern flank, differ from their

European namesakes, for they are pierced more deeply by
the lowlands. Even at the foot of Aorangi, in the vicinity

of which almost all the highest peaks are situated, the

comparatively level floor of the Tasman valley is rather

less than 2500 feet above the sea. Thus, although the

New Zealand peaks are considerably lower than those of

the European Alps
—for few of them surpass 10,000 feet,

and the highest summit of Aorangi is only 12,349 feet—
they tower as high and as steep above their actual

bases as the Oberland giants above the valley of the

Lutschine. As Mr. Mannering says, Aorangi rises
"
for

nearly 10,000 feet from the Hooker glacier, and Mount
Sefton 8500 feet from the Mueller glacier, whilst the

western precipices of Mount Tasman (11,475 feet) are

stupendous." These words indicate another peculiarity
of the New Zealand Alps. Here the snow-line lies very
much lower than in Switzerland

;
in this central district

it is only about 5000 feet above the sea. Thus the glaciers
are actually greater, and descend much below those of

Switzerland. The Tasman glacier, which may be com-

pared with the Gross Aletsch of that country, is from 18

to 20 miles long, and terminates at a height of 2456 feet

above the sea. On the western side the ice approaches
occasionally to within 600 feet. Thus in the New Zealand

Alps the Alpine climber meets with the same difficulties

and is rewarded by the same class of scenery, as he finds

in the Old World amid peaks and passes three thousand
feet higher. For instance, the Hochstetter Dome, first

ascended by Dr. von Lendenfeld, though only 9315 feet

above the sea, and presenting no special difficulties, is a

very long and laborious excursion over ice and snow. Mr.

Mannering and his two companions found it
"
twelve

hours' hard going
" from their camp—von Lendenfeld's

party were out more than double the time.

But great as are these glaciers, they are, like those in

our own hemisphere, attenuated representatives of their

predecessors —for New Zealand also has had its Ice age.
Once they extended far away into the lowlands. There,
erratics and ice-worn rocks abound for miles. Lakes

Tekapo and Pukaki are dammed by moraines, and in the

valley of the Tasman River some singular terraces can be

traced for 40 miles from the point where they commence,
near the end of the glacier, at a height of some 2000 feet

above the valley. Much dibris is still transported by the

glaciers of the eastern side of the chain, but those on the

western are cleaner. The main range consists of stratified

rocks, which disintegrate, as the climber soon discovers to

his sorrow, rather readily ; and Mr. Mannering attributes

the difference in the amount of ddbris to the fact that the
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beds have a westerly dip. This, at any rate, accounts for

the precipitous character of the eastern face of the

mountains. We infer, also, that denudation has been more

rapid on this side, for Aorangi projects in advance of the

watershed, like the Viso and other peaks on the Italian

side of the Alps.
The ascent of Aorangi is evidently a long, difficult, and

even dangerous excursion. The route is quite as circuitous

as that formerly followed in the ascent of the Bernina
;

for the great ice-fall of the Hochstetter glacier, 4000 feet

high, has to be turned, and another glacier basin crossed,
before beginning the steep ascent of the actual peak. Mr.
Green's party was forced to turn back without actually

touching the culminating point, though they had overcome
all difficulties, for the short half-hour which the comple-
tion of the excursion would have required might have made
return impossible. As it was, they were benighted among
the glaciers. Mr. Mannering and his friend, after five

attempts, reached a point about 100 feet below where Mr.
Green halted, was compelled to turn back for the same

reason, and had a dangerous descent over the snow-fields

in the darkness. But as an Alpine Club was founded a

few months since in New Zealand, there will probably not

be many peaks to climb or passes to discover when
another decade has passed.

Mountaineering in New Zealand is not for climbers

fond of luxury. Guides and porters are at present un-

known. Mr. Mannering and his companions had to carry
their own "

swag
"—and heavy loads these were —cut their

own steps, do everything and discover everything for

themselves, for they were self-taught mountaineers.

Sometimes he had only one companion, and then the

labour and the danger were alike increased. The weather
also seems to be more unsettled than it is in the Alps.
The rainfall is heavy— 150 inches in some places. Thus
fresh snow often adds to the difficulties and the dangers
of excursions, and falls of stones seem common, as might
be expected. Mr. Mannering tells most pleasantly and

unaffectedly a story of pluck, endurance, and skill, of

which our kinsmen in New Zealand may be justly proud.
He is a careful observer of Nature, and a true lover of

mountain scenery, as well as a daring climber. His book
contains a number of illustrations, taken from photo-

graphs, which show that the peak and glacier scenery of

the Aorangi group is worthy of the author's enthusiastic

praise ; and it is not only very pleasant reading, but also

adds much to our knowledge of the region. It may be

added that, if the traveller is not satisfied with the perils

of rocks and snow, those of flooded rivers are a common
experience ;

and Mr. Mannering, in his final chapter,
describes the doubtful pleasures of a canoe voyage down
the Waitaki River.

T. G. BONNEY.

OUR BOOK SHELF.
Manual of the Science of Religion. By P. D. Chantpie

de la Saussaye. Translated by Beatrice S. Colyer
Fergusson. (London: Longmans, 189 1.)

Though the title of this volume seems to imply that it is

a complete thing, it is really only the first half of Prof de
la Saussaye's book. Nearly three-fourths of the Amster-
dam Professor's manual is devoted to a sketch of the

chief ethnic religions and of Islam
; whereas the English
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book, corresponding as it does to the first of the two
German volumes, omits the ancient religions of Persia,
Greece, Rome, and Germany,as well as Mohammedanism.
Without these we have nothing that can fairly be called

by the name borne on the title of the translation ; and
the omission of Persia in particular makes the book most
tantalizingly imperfect as regards a single connected

group of faiths. It is not fair either to the author or to

his readers to give a part of the work as if it were a

whole, and to set it forth to the world without evep
putting

"
vol. i." on the title-page.

The work of translation has been performed with care,
and generally, so far as we have been able to test it, with

accuracy. But the book is rather heavy reading, as
translations from the German are apt to be, when the
translator has not realized that the difference between
the idioms of England and Germany is so great that a
successful version must recast whole sentences instead
of aiming at a literal reproduction of words and clauses.

As regards the substance of the book, the reception
which it has obtained, in its German form, is a sufficient

proof that Prof, de la Saussaye has met a felt want in the
literature of his subject. A book that covers so wide a
field cannot be without errors in detail. No man can
know at first hand all the ancient literatures that are
dealt with

; nor can it be supposed that, on matters
where specialists are often at variance, one who is not a

specialist can always hit the mark. The general prin-

ciples of the science of religion are not yet worked out
with sufficient clearness to give the student of religions in

general sure points of view for the criticism of the diver-

gent results that have been reached by students of special

religious literatures. Perhaps to say this is to say by
implication that a general manual of the subject is an

undertaking for which the time is not yet ripe ;
and cer-

tainly the science of religion (as distinct from the scien-

tific study of individual religions in their historical

development) is still in a very elementary stage. But
Prof, de la Saussaye is no dogmatist ;

he frankly admits
the obscurity in which many fundamental problems are
still involved, and he writes throughout with great im-

partiality and moderation, as well as with extensive know-

ledge of recent researches. His book will be very useful

to all who wish to know the present state of inquiry, and
do not forget that many things in his exposition are to be
taken as still doubtful, even where the author himself
does not expressly accompany them with notes of

uncertainty. W. R. S.

Euclid's Elements of Geometry. Book XL By A. E.

Layng, M.A. (London : Blackie and Son, Limited,
1891.)

Of all Euclid's books, the eleventh is one that forms a

stumbling-block to the beginner in solid geometry. Not
that the proofs in themselves are of a difficult nature, but

simply that the figures have to be drawn perspectively to

illustrate the various planes, and the student finds it hard
to bring himself to believe the equality of angles and
lines which appear to him to be unequal.
The author of this book, like one or two others before

him, by varying the thickness of the lines used in con-

struction, simplifies matters very considerably, for by this

means the eye can distinguish directly the different planes.
Of the propositions themselves, little need be said, unless

we mention the use throughout of all the well-known

symbols : the occasional interpolated worked-out ex-

amples, and the notes and exercises, although not in any
great quantity, will be found very useful. In the collec-

tion of miscellaneous examples, theorems relating to

tetrahedrons, pyramids, spheres, &c., are included. Pre-

ceding the series of examination-papers, which are here

arranged in a progressive order of difficulty, and taken
from papers set lately, are two appendices, the first deal-
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ing with transversals, harmonic section, and pole and

polars, the second with a few alternate proofs of propo-
sitions. The manner in which most of the proofs are
worked out is both neat and brief, and the definitions

are all clearly stated and illustrated. We may add that,

although the work is not the best of its kind we have

seen, yet it has many good points which recommend it

to the student of geometry. W.

Illustrations of the Flora of fapan, to serve as ati Atlas
to the Nippon-Shokubutsushi. By Tomitaro Makino.

(Tokyo, Japan : Keigyosha i, Urazimbochd, 1891.)

This is a monthly publication, containing excellent un-
coloured figures of plants, with analyses of their floral

structure, fruit, and seed, and descriptions in English as

well as in Japanese. The drawing and lithography, by
Mr. Makino himself, are quite equal to the average work
in this country

—
indeed, one might say above the average ;

the lithography being light and effective, with few lines in

it. Moreover, the English descriptions are intelligible,

correct, and idiomatic, and not too long, nor superfluous.

Botanically and horticulturally this production of the Far
East will be welcome, and even indispensable, in the West,
as many new species are described. Already nine parts
have appeared, with illustrations of fifty-seven species
belonging to various natural orders. No system of classi-

fication is followed
; whatever is of interest or novel being

taken as it presents itself. W. B. H.

About Ceylon attd Borneo. By Walter J. Clutterbuck,
F.R.G.S. (London : Longmans, Green, and Co., 1891.)

In this volume Mr. Clutterbuck gives some account of

Ceylon as he saw it during a recent visit, and as it was
fourteen years ago, when he resided for a short time in

the island. He then describes what he saw in the course
of a visit to Brunei and British North Borneo. Readers
who like books of travel will find a good deal to interest

them in the author's impressions, which are recorded in a
livelv stvle.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of 'i^ATVK^,

No notice is taken of anonymous communications.
"l

Wind Direction.

A SHORT time ago there was some correspondence in your
columns on the relations of north-east and south-west winds in

recent years ;
Mr. Prince, of Crowborough, having observed at

that place that while, as a rule, the south-west winds were in

excess of the north-east, the reverse had occurred in each of the

five years 1885 to 1889. The Greenwich records were examined

by Mr. Ellis with regard to this point, but he found them at

variance with those of Crowborough, the south-west winds having
continued in excess of the north-east throughout those five

years.

By combining several directions, the Greenwich figures, as

tabulated by Mr. Ellis in his paper to the Royal Meteorological

Society (Quart. Jourii., October 1890, p. 222), will be found to

reveal some curious relations, which seem to invite attention.

I have added together the figures (numbers of days) for north-

east, east, and south-east winds on the one hand, and those for

north-west, west, and south-west on the other ; then smoothed
each set of sums by means of five-year averages. The results

are shown in the two curves of the accompanying diagram.
The continuous curve (a) represents north-east, east, and south-

east winds (and its vertical scale is at the left). The dotted Hne
curve (b) represents north-west, west, and south-west winds (and
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its vertical scale is at the right). It will be understood that each

year-point of those curves represents an average of five years.
It would appear that easterly winds (north-east, east, and

south-east) at Greenwich have been increasing in prevalence, on
the whole, since about 1865 ;

the five years' average for that

year is 83 '8, and this grows to 11 1 "4 in 1886 (about one-third).
On the other hand, westerly winds (north-west, west, and south-

west) have diminished, on the whole, since 1861 ; the five years'

average for that year is 2 10 "8, and this diminishes to l59"o in

1887 (about one-fourth).

Judging by the past, we might perhaps consider that we must
be near a decided turn of the curves ; possibly past it in the case
of easterly winds

;
in which case we should look for more westerly

and less easterly wind in the near future.

[December 17, 1891
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My reason for suggesting such an origin for the migration is

that it takes place every three or four years from the same
plateaux. It is very evident, therefore, that—abiogenesis
being now out of court—some lemmings must be left there to

continue the species. Now, it is not likely that the weakest are

left behind, otherwise their survival year after year would be

quite problematical. Do not the facts point unquestionably to

the strongest being left to continue the race ?

To the criticism that there is no evidence of fighting having
taken place amongst the migrants, my reply would be that no one,
so far as I can learn, has seen a migration start, or seen one

immediately after it has started—the only time, that is, when
the effects of such fighting would be apparent, for after a few

days those seriously injured would have died and have been left

behind, while those only slightly injured would have recovered

sufficiently to be indistinguishable from the remainder.
. Churchfield, Edgbaston. F. Howard Collins.

The New Railway from Upminster to Romford, Essex.

On the above railway, now being constructed, there is a sec-

tion of unusual interest a few yards north-east of the church at

Hornchurch, showing the Chalky Boulder Clay (15 feet seen)
under sand and gravel belonging to the highest terrace of the

Thames Valley, and resting on London Clay. Hitherto,
Boulder Clay has not been seen in this district in connection
with Thames Valley deposits, its most southerly exposures lying
about three miles northward, on London Clay or Bagshot Beds.

I have been carefully watching this cutting for some time,
with a view of sending an account of it to the Geological Society
when it shall have been completely excavated. But, though
much has still to be done, the half of it«finished has already
been sloped, and the arrangement of the Ijeds—clear a month

ago
—

greatly obscured. It has therefore been suggested to me
that a few lines on the subject in Nature may be the means
of enabling geologists interested to visit this section while the

Boulder Clay is still clearly visible in some portion of the

cutting.
It may be useful to add that the distance from Hornchurch

Station is about a mile, and that the visitor, after leaving the

church on his right hand, should take the first road on his left.

T. V. Holmes.
28 Croom's Hill, Greenwich Park, S.E.,

December 7.

Peculiar Eyes.

The inability of keeping one eye shut and the other open at

the same time, is a fact well known to drill-sergeants. I well

rt member, when a conscript some sixteen years ago, how a great
number of recruits were unable, even after repeated efforts, to do
so

;
but I had no difficulty about it. At that time, too, my

eyes were about equal in power ;
but at present while the

right eye is of normal power, the left eye presents a much less

distinct image. I can only ascribe this to the habit of working
at the microscope with the right eye without closing the left.

It is especially at this work that the defective sight in the latter

is noticeable. I do not think my ten months of rifle practice has

anything to do with it, except, perhaps, in emphasizing the

tendency to use the right eye, the image of which is now so pre-

dominant, that in covering a bull's eye, for instance, it is

immaterial whether the left eye be closed or not.

G. K. GUDE.

5 Giesbach Road, Upper Holloway, December 7.

as it were, whatever it is that constitutes the individuality of the

stock. The phenomena presented by parasitic plants seem to

bear out this view. W. H. Beeby.

Grafted Plants.

Referring to Prof. Henslow's paper on "A Theory of

Heredity based on Forces
"
(November 26, p. 93), the behaviour

of grafted plants seems to require, for its explanation, the p )s-

session by both stock and graft of something analogous to a

distinct individuality, call it what we may. It is difficult enough
to understand, especially in the case of nearly-related forms,

why the stock generally has no, or so little, influence on the

graft ; but, assuming the absence of individuality, the difficulty

is largely increased. The graft takes its nourishment through
the stock, and yet retains its characteristics unimpaired. I argue
from this that not only does the graft possess an individuality of

its own, but that this is so marked that it can take its nourish-

ment direct from the stock, while at the same time straining out,
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Intelligence in Birds.

A FEW weeks ago I received a specimen of Podoces panaeri,
the typical desert bird of Central Asia, which had been kept
for some months in captivity at Perowsk. The first thing the

creature began to do, when located by me in a spacious volicre,

was to pick some food (cooked rice with baked egg>), and to

bury it in the very thick sand layer with which the floor of

the cage was provided. This was the incessant occupation of

the bird on the first day of its instalment. But the task was
almost completely abandoned from the next day ; the bird, evi-

dently remembering the conditions of its former life in captivity,
found it useless to make provision for the future when a fresh

supply of food daily appeared.
The fact referred to seems to indicate, first, that the birds in

question are in the habit of making provision in the wild state,

the powerful and slightly curved bill being admirably adapted
for the purpose of making holes, even in a hard ground. It

shows, also, how abruptly the habits of animals can be modified

when the conditions of their environment are changed.
Now, a question naturally arises. How must we regard this

habit of burying food—as the result of a long inheritance, or as

an effect of constant imitation of older birds by younger ones?
A. WiLKINS.

Tashkend, Central Asia, November 8/20.

SIR ANDREW CROMBIE RAMSAY.

THOUGH this illustrious geologist has been laid aside

by growing infirmity for the last ten years, the news
of his death will carry regret into the hearts of many men
of science, not in this country only but all over the world.

Born in Glasgow, and intended for a mercantile pro-
fession there, he spent some few years in business

; but,

partly on account of delicate health, betook himself for

rest and open-air exercise to the island of Arran. One of

the friends of his early years, Prof. Nichol, of Glasgow
University, the well-known writer on astronomical sub-

jects, had much intiuence in directing his studies into a

scientific channel, so that the marvellous geological
lessons to be learnt from the rocks of Arran soon arrested

Ramsay's attention. Throwing himself with all the ardour
of an enthusiastic nature into the pursuit which he now
took up, he was led to climb the mountains and traverse

the glens throughout the length and breadth of Arran.

In this way, face to face with the facts of Nature, and
amid some of the most charming scenery of his native

j
country, he taught himself the rudiments of geology, and

acquired that clearness of insight for geological structure,
that love of mountain-forms, and that freshness and origin-

ality of interpretation, which marked him out from his

associates in later years. But above all, by actually

mapping the grouping of the rocks, he gained that pre-
cision in field-work which was to bear such notable fruit

in his connection with the Geological Survey. He con-

structed a geological model of An an on the scale of

two inches to a mile, and made copious notes of the

geological structure of all parts of the island.

The meeting of the British Association in Glasgow in

the year 1840 proved to be the turning-point in his career.

The model and map of Arran which he had made were
exhibited at the Geological Section, and he gave a brief

account ofthem and of the geology of the island. Among
the geologists who listened to him was Murchison, who,
struck with his ability and his devotion to the science,
offered to take him on an expedition which the author of

the
"
Silurian System

" had then projected to America.

Ramsay accordingly went up to London, but found that

the voyage across the Atlantic had been abandoned for a

journey into Russia, and that he was not to take part in it.

Murchison, however, spoke so warmly in favour of his
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young friend to Sir Henry De la Beche, the Director-
General of the Geological Survey, that a post was at once
found for him on the staff of the Survey, and before many
days Ramsay was at work at Tenby. He joined the
service in the spring of 1841, immediately after the publi-
cation of the little volume on Arran, which embodied the
fruits of his labours in previous years. From that time
onward his life was spent continuously in the work of the

Survey until he retired at the end of 188 1. So capable a
lieutenant did he prove himself to the chief of the staff,

that after only four years he was appointed Local
Director for Great Britain.

From the first Ramsay showed that, with habits of

patient observation and cautious induction, he combined
a faculty for bold and broad generalization. His remark-
able paper on the denudation of South Wales, published
in 1846, was one of the earliest essays in which the
amount and effects of denudation were worked out from
detailed surveys of the geological structure of the ground.
He then struck the key-note which may be heard through
nearly all his subsequent contributions to scientific litera-

ture. He was one of the earliest observers to realize that
the existing topography of the land has a long and inter-

esting history, much of which may still be deciphered by
the use of geological investigation.
The name of A. C. Ramsay will ever be honourably

associated with the story of the gradual working out of
the records of the Ice Age. Following up the results

obtained by Agassiz, Buckland, Darwin, and others in

this country, he threw himself with all his ardour into

the study of the glaciation of Wales, tracing the limits

of the glaciers of that region, and extending his expe-
perience by frequent excursions among the Swiss Alps.
His scattered papers in scientific journals undoubtedly
did much to stimulate general interest in the history of
the Glacial Period, and to create a special and volumin-
ous literature of this subject. His views differed much
from those of some of the older geologists of the day,
and led to some active controversy. Especially did

opposition arise when, after studying long and carefully
the erosive action of land-ice, he came to the conclusion
that certain lake-basins in various parts of the world had
been scooped out by ice. Murchison, Lyell, and others
of less fame, entered the lists against him ; but he had a
considerable following among the younger geologists.
And this controversy still fitfully continues.

In connection with his glacial work, mention should
be made of his bold endeavour to prove that ice-action

had been in operation more than once in the geological
past. His paper on the Permian breccias of England
called attention to the evidence of transport of fragments
of rock from Wales, and to the resemblance between
these fragments and those in glacial moraines and

boulder-clay. He subsequently detected what he thought
to be similar traces of ice-carried materials in the Old
Red Sandstone

;
and in one of the last papers which he

wrote he gathered together the various pieces of evidence
in favour of a long succession of Glacial periods in the

geological past.
Two of the most suggestive essays he ever wrote were

his well-known Presidential Addresses to the Geological
Society in 1863 and 1864, in which he worked out, from
his wide practical acquaintance with the stratified forma-
tions of Britain, the idea of breaks in the succession of

organic remains in the geological record. To the geo-

logist and the palaeontologist these papers marked a

distinct epoch in the advance of geological inquiry ;

while to the biologist concerned with the history of

the evolution of organized existence on this planet they
were full of luminous thought.

By far the largest part of Sir Andrew's contributions to

geological literature is to be found in the maps, sections,
and memoirs of the Geological Survey. The mapping of

the volcanic districts of North Wales, in which he took
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the leading part, will ever remain the best monument of
his skill as a field-geologist. His exhaustive memoir on
that region has long since taken its place as one of the
standard works of reference in our geological literature.

In his later years he seems to have taken pleasure in

reverting to some of the inquiries which he started in an

early part of his career. He returned with renewed zest

to the study of the history of topographical features, dis-

coursed as to how Anglesey became an island, and
traced out the story of the River Dee. In successive

editions of the work on the "
Physical Geography and

Geology of Great Britain," which at first was given as

six lectures to an audience of working men, he worked
out in greater fulness the chief stages through which the

surface of this country seemed to him to have passed
before it acquired its present features.

Of the value of his scientific labours full recognition
was made by his contemporaries. He was elected Pre-

sident of the Geological Society in 1862, President of the

Geological Section of the British Association in 1866

and again in 1881, and President of the Association itself

in 1880, when the meeting was held at Swansea. He
received the Wollaston Medal of the Geological Society,
the Neill Medal of the Royal Society of Edinburgh, and
a Royal Medal from the Royal Society. He was chosen
into the honorary list of many learned Societies at home
and abroad. On the death of Sir Roderick Murchison
in 1 87 1, he was appointed Director-General of the Geo-

logical Survey. At the end of 1881 he resigned this

office, was knighted for his distinguished services, and
soon thereafter went to reside at Beaumaris, where his

strength has gradually given way, until he died on the

evening of the 9th inst.

There was in Sir Andrew Ramsay such simplicity and
frankness that men of the most diverse natures were
attracted to him, and as they came to know him more

intimately the gaiety and kind-heartedness of his dis-

position attached them to him in the closest friendship.
Fond of literature, and glad to relieve the pressure of his

scientific work by excursions into the literary field, he had

acquired a range of knowledge and of taste which gave
a special interest to his conversation. Now and then he
found time to write an article for the Saturday Review in

which this literary side of his nature would find scope for

its exercise. But the daily grind of the official treadmill

left him all too little time for such diversions. His death

removes from our midst one of the foremost geologists of

our day, and from the friends who knew him in his prime,
a large-hearted, lovable man, whose memory they will

cherish till they too pass away. A. G.

ON VAN DER IVAALS'S ISOTHERMAL
EQUA T10N>

ONE of the objections raised against this equation by
Prof Tait in Nature, vol. xliv. pp. 546 and 627,

brings clearly to light the importance of the question
whether the finite size of the particles should be accounted

for by an equation of the form—
p^(v

-
b) ^ ^j-S?nu\ (l)

where pi represents the internal pressure, equal to the

sum of the external pression/, and the molecular pressure

a/v^, and d some multiple of the total volume d^ of the

particles ; or if this equation must rather have the form—

p^v = i2w«2/i + _
j

(2)

' Prof. Korteweg's paper and accompanying letter are of date November

4, but owin? loan accidental delay they did not reach me until after the

appearance of my last communication (Nature, November 26, p. 80). Other-

wise I should, of course, have made reference to them, li will be seen that

Prof. Korteweg draws attention to the form of the virial equation applicable
in one dimension. Ravleigh.
December 2.
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In \\i& first case, in substituting p + ajv^ for /j, and

R(i + at) for \^mu^^ the well-known formula of Prof.

Van der Waals is arrived at. In the second case, the

same substitution leads to a quite worthless formula,

unfit to explain even qualitatively the conduct -of gases
under compression.
The first form is the one which presents itself most

naturally when, as was done by Van der Waals, the

extension of the molecules is considered as a diminution

of the volume in which they are moving ;
the second is

obtained as a first approximation, when the virial equa-
tion is extended to the repulsive forces which come into

play at the collisions. Of course, both methods, if they
could be worked out with absolute rigour, would give the

same result ; but, this being impossible for both of them,
the question as to which gives the better approximation
is not at all an unreal one.

Now, it is extremely improbable that this question
should have to be answered in a different way for

linear and for three-dimensional space ; yet for linear

space the first method leads to a quite easy and abso-

lutely rigorous solution, and the equation thus obtained

is analogous to \h& first form.

Vi \s \3

B
Fig. I.

In order to prove this, let A B (Fig. i) represent a linear

space of length /, bounded by two rigid walls, A and B,
and let there be moving in this space some perfectly
elastic particles, all of the same mass, w, and length, X,
but having different velocities, v-^^v^, . . . v,^. At every
encounter of these particles there will be simply an
exchange between their velocities ; therefore at every
moment one of the particles will have the velocity Vy^.

On this particle we fix our attention, following it on its

way till the next collision. After this collision we leave it

-. to its fate, directing our attention to the other particle,
which has now acquired the velocity z\. Proceeding in
this manner, it is obvious that at every collision a distance
X is economized, which has not to be travelled over by
the centres of 'the molecules. Starting, then, from the
wall A and passing over to the wall B and back again,
the number of collisions is 2(«

-
i), and the distance

economized 2«X, (adding 2X for the collisions against
the walls). The distance travelled over by the centres

consequently being 2/ - 2«X, it is clear that the number
of collisions with velocity v^ against one of the walls

amounts to --^
—L— in one unit of time, and the corre-

2(L - nK)

sponding change of momentum to —^-^^ so that the
\. — n\

pressure on the wall is measured by

/ = ^^"^
(3)

Of course, for space of two and three dimensions, the

problem is much more complicated. Yet in 1877 I gave
a solution ' of it for spherical particles which, according
to my opinion, is rigorous so far as the several encounters
between the molecules may be looked at as independent
of one another. For a short time after each collision

the possibilities of fresh collisions are considerably in-

fluenced by the proximity of the departing molecule.
This influence, certainly of very difficult mathematical

treatment, is disregarded in my calculations.
The outcome of these calculations ^ is that of every

'

Verslagen en Mededeelingeti der Kon. Ak. u. Amsterdam^ 2" Reeks,
Deel X. ; A rchives Neerlandaises, t. xii.

2 I am bound to acknowledge that the same correction, which is indicated
farther on fir Lorentz's calculations, has to be applied to the number of
collisions given in my paper.

unit of distance only the (i
-

\bxlv)\h part has to be

travelled over by the centres of the molecules, xS\t.ifi]lv th

part being economized at the collisions. Therefore the

number of the encounters with the bounding walls is

augmented in the proportion i : i
-

\b\lv, and the formula

pv — \'S,mu- is to be changed to

p{v - A,b^- Itmii"- . .(4)

In 1881, my friend H. A. Lorentz applied the virial

equation to the calculation of the influence of the size of

the particles on the pressure. In this manner he obtained

the formula—
pv=\^mu- .

(\ +
4iij

(5)

His paper, published in Wiedetnann^s Annalen, Bd.

xii. p. 127, was inserted in the German and English
versions of Van der Waals's pamphlet

" On the Continuity
of the Liquid and Gaseous States of Matter," at the end
of the sixth chapter.

Considered as a determination of the factor, with

which the total volume b^ of the particles, when intro-

duced m V — b, is to be multiplied, our results were iden-

tical, and confirmed the opinion expressed by Van der

Waals about the value of this coefficient. Mr. Lorentz

viewed his results in no other light, and had no inten-

tion at all to substitute his formula (5) for that given by
Van der Waals. Indeed, in the passage of his paper
which I quote here, he clearly indicates the weak point
of his calculation :

—"
Strictly speaking, a correction ought

to be made here, indicated by Mr. Van der Waals ;
in

calculating the number of encounters, the extension ^

of the molecules should have been taken into account.

The matter is simplified, however, if the influence of the

virial arising from the repulsive forces, or the size of the

molecules, is small
;
and if a correction to the first order

is sufficient, then the uncorrected value of the number of

encounters maybe used in calculating the small repulsive
virial."

Now it is not impossible to apply to Lorentz's formula

the correction alluded to in this passage. In 1875 I cal-

culated for the first time,^ by a more rigorous method,
the shortening of the mean free path of spherical par-

ticles, in consequence of their extension in the direction

of motion. Some months later, Mr. Van der Vaals suc-

ceeded in the same calculations by a somewhat different

method, extending it to the case of two sets of particles
of different diameters Both calculations lead to the

same result, viz. that the mean free path is shortened in

the proportion v w —
\b^ ;

therefore the number of the

collisions, and the term in the virial equation dependent
upon these collisions, must be augmented in the reciprocal

proportion ; but then this equation takes the form—

pv = \%mu'(\ + 4^ .
-

^ \= \tK^
V

.

V V -
i^bj V -

4bi
,

• (6)
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and becomes identical with the equation (3) of Van der

Waals.*
In this manner the true formula is obtained by means

of the virial equation, as it haS been by the method of

economized distances, and these verifications of the equa-
tion derived by Van der Waals are not without import-
ance. Indeed, I always held the opinion that it is not

quite allowable to conclude directly from the diminution
of the free path of the molecule to a proportional aug-
mentation of the pressure on the bounding walls. The
number of the mutual encounters of the molecules,
and the number of their collisions with the walls (or,

rather, their passages through an ideal plane), are not

• The extension in the direction of the motion is meant here. I have
translated the first phrase from the original paper in IVied. Ann., where it

runs: "
Streng genommen miisste man also hier eine Correction anbringen,

wie sie von Herrn van der Waals angegeben wiirde ;
man hatte niimlich bei

der Stosszahl die Grosse der Moleciile zu beriicksichtigen."
^
Verslagen en Medcdeeliiigen, 2 Reeks, Deel x.; Archives Xeerlandaises,

t. xii.

3 I owe this remark to a verbal communication by Van der Waals.
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proportional numbers under all circumstances. A change
in the shape of the molecules, or an augmentation of

their diameters, will affect the first number in a much

greater proportion than the second. But, as I have

shown, the equation of Van der Waals holds good, inde-

pendently of this assumption.
D. T. KORTEWEG.

Amsterdam, November 4.

THE BIRD-GALLER V IN THE BRITISH
MUSEUM.

ALONG-NEEDED and much-wished-for reform,
to which the attention of naturalists should be

specially invited, has been commenced in the Bird-

gallery of the British Museum. Under the old regime
at Bloomsbury, the rule was, as it is even now in most of

the Continental Museums, that every specimen should be

stuffed, and exhibited in the public gallery. The natural,
if not the necessary, consequence of such a rule is that,
as time progresses, the shelves become crowded with

badly mounted specimens, which are very unpleasing to

the general observer, and most inconvenient to the

scientific worker.
In the British Museum, however, the idea of mounting

every specimen has been long ago abandoned. The
main collection for scientific work is, we need hardly
say, that of skins. These are arranged in cabinets, in

numbers which it would be impossible to find space for if
" mounted.'' When thus disposed of they are much more
easy to find, and more convenient for examination, than
"mounted" specimens Though it may be sometimes

necessary to refer to the Bird-gallery, the working orni-

thologist of this country, as a rule, uses only the skin

collection.

This being so, the question arises as to what is the best

way of making the Bird-gallery useful, and attractive to

the general public. As to this there can be no question,
it appears, that the Bird-gallery should be fitted up as an
" Index Museum," and should contain a series of the

principal types of bird-life arranged in systematic order
from the highest to the lowest. Every family should be

placed in a separate case, in its proper position between
the two groups to which it is most nearly allied. In
each family a series of well-mounted specimens should
illustrate the principal sub-families and genera, and the
male and female and other plumage of the leading species.
Nests and eggs should be added to show the mode of

nidification, and maps to show the areas of distribution.

Diagrams and preparation? of particular structures
should be placed at the head of each group, to exhibit

its special peculiarities ; and finally, every specimen and
diagram should be clearly labelled and explained. It will

readily be understood that a Bird-gallery filled up in this

way would be a most instructive object, and much more
useful and attractive than the crowded rows of uniformly-
set-up specimens that are offered to view in most public
Museums. Some such plan as this, we take it, is what
the authorities of the British Museum have now in

view.

For a commencement, the family of Woodpeckers has
been selected, and a case devoted to its illustration has
been fitted up. A series of well-mounted specimens
shows the leading forms of the group, and diagrams,
preparations, and maps exhibit its principal peculiarities
and the distribution of the species.

This is at present only the beginning of a very
important change of plan. But there can be no question
that if the scheme is carried out, and the whole Bird-

gallery is treated in a similar way, an admirable reform
will have been effected.

THE OCTOBER ERUPTION NORTH-WEST OF
PANTELLtRIA.

S'
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OME time after the news arrived in this country of

the volcanic outburst in the neighbourhood of Pan-

telleria, my friend Mr. Gerard Butler, P\G.S., undertook
J

to visit the island, and to investigate the interesting!

phenomena that were being exhibited there. Mr. Butlei

has now returned, having made a large collection of

specimens of rocks and minerals, and I trust that before

long we shall have fuller information concerning this

remarkable district. The following short note embodies
the general results of his inquiries concerning the recent

eruptions ; but telegrams received since his return state

that renewed outbursts have led to the formation of an
island at the spot, and mariners have been warned to

avoid it. John W. Judd.
Royal College of Science, London, December 14.

In Nature of December 3 (p. 120), a short sketch is

given of a paper by M. Ricco on the above, which those

interested in the subject may read in the Comptes rendus
for November 25.

It may be worth while for one who visited Pantelleria

soon after the eruption to point out that there appears to

be no foundation for the idea conveyed by many Eng-
lish accounts and by the words "

island,
" "

erupted

island," in Nature {loc. cit), that an island comparable
to Graham's Island was formed.

It seems that by a submarine eruption which, after

prefatory earthquakes between October 14 and 17, was
first observed on the latter day, about 5 kilometres to the

north-west of Pantelleria, a narrow band of floating

bombs, extending for about a kilometre in a north-east

and south-west direction, was produced.
The persistence during the eruption of this linear band

may perhaps indicate the line of fracture of the sea

bottom.
There appears to have been always deep water at the

scene of eruption. Ricco tells us that soundings at the

middle and ends of the floating shoal of bombs found no
bottom at 320 metres.
The brittle cindery bombs readily broke up, giving vent

to the superheated steam they contained ; when, or upon
their becoming otherwise waterlogged, they sank, so that,

on October 26, soon after the eruptive action ceased, all

traces of it had disappeared in deep water.

G. W. Butler.

NOTES.
We regret to have to record the death of Prof. Stas, the

eminent Belgian chemist. He died at the age of seventy-eight.

At last Thursday's meeting of the Royal Society, the Presi-

dent read from the chair a letter from Prof Dewar, which had

been put into his hand as he entered the meeting-room, in

which Prof. Dewar stated that he had at 3 p.m. that afternoon

"placed a quantity of liquid oxygen in the state of rapid

ebullition in air (and therefore at a temperature of —181° C.)

between the poles of the historic Faraday magnet in a cup-

shaped piece of rock salt (which is not moistened by liquid

oxygen and therefore keeps it in the spheroidal state)," and to

his surprise, Prof. Dewar saw the liquid oxygen, as soon as the

magnet was stimulated,
"
suddenly leap up to the poles and

remain there permanently attracted until it evaporated."

According to information sent to Berlin, Emin Pasha and

Dr. Stuhlmann, travelling in the region between Lakes Victoria,

Tanganyika, and Albert Edward, have discovered what they take

to be the ultimate source of the Nile. This is a river called

Kifu, which is supposed to have its sources in the Uhha country,

lying to the east of the northern part of Lake Tanganyika,,
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about 4" of south latitude. It flows into the southern end of

Lake Albert Edward.

The death of Dr. F. C. Dietrich, Keeper of the Botanical

Museum at Berlin, is announced. He was eighty-six years of

age.

At the annual general meeting of the Institution of Electrical

Engineers on Thursday, December lo, Prof. Ayrton was elected

President for the coming year. The following are the Vice-

Presidents : Alexander Siemens, R. E. Crompton, Sir David

Salomons, and Sir Henry Mance. In moving the adoption of the

annual report, Prof. Crookes said that the number of membei'S

elected during the past year was greater than in almost any

previous year. He announced that Prof. Nikola Tesla is on his

way to England, and had promised to lecture before the Insti-

tution in January next. Prof Crookes added that the Council

would spare no pains to insure that the lecture should be

thoroughly well experimentally illustrated. Mr. W. H. Preece,

F.R. S. (Past- President), read a paper on " The Specification of

Insulated Conductors for Electric Lighting and other Purposes."
In this paper the fallacy of the present mode of specifying
electric light conductors was exposed, and a new standard of

insulation, based on the well-known qualities of gutta-percha,
was proposed. The qualities of the numerous insulating ma-

terials now in the market were measured and determined in this

new standard, and it was shown that any classification of cables

should be based on the pressures to be resisted, and should

depend on the thickness of the insulating wall. The introduc.

tion of cheap and nasty cables, owing to competition and the

absence of specification and inspection, was strongly commented
on. It was shown that all danger was eliminated by the use of

proper material and proper design. The paper concluded with

the recital of Mr. Preece's latest specification.

Prof. A. Hansen, of Darmstadt, has been appointed to the

Professorship of Botany and Directorship of the Botanic Garden
at Giessen.

Prof. E. Warning, of Copenhagen, is at present engaged
on a botanical expedition to the West Indies and Venezuela.

Herr G. Schweinfurth and Prof O. Penzig have returned from
their journey in Abyssinia ;

and Herren J. Bornmiiller and
Sintenis from their botanical expedition, in the course of which

they have visited the island of Thasos, Mount Athos, and the

Thessalian Olympus.

The following are the lecture arrangements of the Royal
Institution before Easter, so far as they relate to science:—Prof.

John G. McKendrick, six Christmas lectures to juveniles, on
life in motion, or the animal machine

; Prof Victor Horsley,
twelve lectures on the structure and functions of the nervous

system (the brain) ; Prof E. Ray Lankester, three lectures on

some recent biological discoveries ; Dr. B. Arthur Whitelegge,
three lectures on epidemic waves ; Prof. J. A. Fleming, three

lectures on the induction coil and transformer ; the Right Hon.
Lord Rayleigh, six lectures on matter, at rest and in motion.

The Friday evening meetings will begin on January 22, when a

discourse will be given by the Right Hon. Lord Rayleigh, on

the composition of water ; succeeding discourses will probably be

given, among others, by Sir George Douglas, Prof Roberts-

Austen, Mr. G. J. Symons, Prof. Percy F. Frankland, Sir

David Salomons, Prof. L. C. Miall, Prof Oliver Lodge, Mr.

John Evans, and Prof. W. E. Ayrton.

Last week a deputation of gentlemen interested in the Uni-

versity Extension movement had an interview with Lord Cran-

brook, President of the Privy Council, to ask for a Government

grant in aid of the local lectures delivered under the auspices of
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the organizing bodies. Among those present were Sir George
Stokes, Prof Bryce, Prof Jebb, Mr. James Stuart, the President

of Magdalen College, Oxford, the Master of University College,

Oxford, and the Master of Selwyn College, Cambridge. Lord
Cranbrook reminded the deputation that his official duties

related only to public elementary schools, and that a Govern-

ment grant could be obtained for the University Extension

movement only from the Treasury. He expressed sympathy,

however, with the objects of the movement, and promised to

consider carefully and to bring before his colleagues the argu-
ments advanced by the deputation. Referring to the general

question of secondary education. Lord Cranbrook said it was
most desirable that clever boys and girls who have passed

through the elementary course should be enabled, by bursaries

or in some other way, to go to intermediate schools, and thus be

prepared for such instruction as is offered by University Exten-

sion lecturers. He feared, however, that those who expected
this object to be attained by means of a Government grant

might
" have to wait for some time."

On the invitation of the Council of the Photographic Society
of Great Britain, Mr. Leon Warnerke lately undertook to sub-

mit to the Society a description of the photographic technical

schools on the Continent. With that oliject in view he visiteil,

during last summer, Belgium, Germany, Austria, and Russia,

taking notes with pencil and camera. The results are embodied
in an interesting paper which was read at a recent meeting of

the Society, and is now printed in the Photographic Journal.

The organizing joint committee of the Essex County
Council and the Essex Field Club on technical instruction

have issued a circular announcing that they have resolved

to appoint a certain number of lecturers on science sub-

jects. The services of these teachers are offered free (with
the exception of travelling and hotel expenses of the lec-

turers, where necessary) to local technical instruction com-

mittees, under certain conditions to be settled hereafter ; the

local committees guaranteeing audiences or classes of students

(not less than twenty in number), providing rooms, gas, &c.,

and defraying all necessary local expenses. Syllabuses of short

courses of lectures already approved are sent with the circular.

They relate to elementary vegetable physiology, economic

entomology, and elementary practical mechanics.

The Royal Commission for the Chicago Exhibition are

anxious to comply with a request made to them by the execu"

tive authorities of the Exhibition, that a typical collection of

economic British minerals may be included in the British

Section, and they are now applying to owners and managers
of mines, asking for specimens of the principal British minerals.

Mr. B. H. Brough, the Instructor in Mine-surveying at the

Royal College of Science, South Kensington, has kindly under-

taken to classify and arrange the collection, and any suitable

specimens may t)e addressed to him. What is required is

not specimens of special value or rarity, but samples of ordinary

ores, &c., so that the collection when complete may l)e

fully illustrative of the mineral resources of the kingdom. At

the close of the Exhibition the collection will be presented to

un American Museum

Prof. H. A. Hazen, acting under instructions from the

U.S. Weather Bureau, is in Chicago preparing a report on its

weather—the mean temperature, the winds, snows, showers,

humidity, early frosts and late >nows. The report will be based

on all the observations and records made for the last fifty years,

the object being to convince everyone interested in the ap-

proaching Exposition that Chicago is exceptionally favoured in

point of fine weather.



156 NATURE [December 17, 1691

Mr. Rosewater, who was a distinguished member of the

U.S. Military Telegraph Corp-; during the American civil

war, and is now President of the Old Timers Telegraphic Asso-

ciation, has lately been studying the various Government

telegraph systems in use in Europe. The results of his investi-

gations will shortly be submitted to what is expected to be an

unusually interesting and important meeting of the New York
Electric Club.

A COPY of • ' Whitaker's Almanack for 1892
"
has been sent

to us a few days in advance of publication. Great care has been

taken, as usual, to keep the Almanack up to date. Additional

space is devoted to educational matters, and for the first time

educational progress and occurrences are dealt with in a separate

article. There is also a separate article on agricultural educa-

tion. Other subjects separately treated are the rise, progress,
and achievements of the great lines of ocean steamers, naval

gunnery, and the results of the census. Of course, various

sections resemble in subject those of former years, but even

these are for the most part entirely fresh in substance. In many
instances the changes wrought during the interval of a single

year are so numerous that scarcely a line of the section in which

the subject is treated remains unaltered.

Owing to his declining to take up his residence in Rio de

Janeiro, Dr. Fritz Miiller, of Blumenau, Sta. Catharina, has

been summarily dismissed by the new Government of Brazil

from his post of "Naturalista viajante
"

to the Museum at Rio
de Janeiro, The great services which Dr. Miiller has rendered

both to zoological and botanical science during his forty years'

residence in Brazil are too well known and too widely acknow-

ledged to need dilating on. Dr. F, Miiller is now close on

completing his seventieth year ; and Dr. Karl Miiller, of Halle,
the editor of Natur, proposes to seize the opportunity of col-

lecting from his fellow-naturalists some substantial lecognition
of the honour in which he is held.

Dr. H. E. Hamberg has communicated to the Swedish

Academy of Sciences a paper on the radiation of the upper
clouds round barometric minima, prepared from the cloud

observations available at Upsala Observatory for the years

1874-89. The arrangement of the highest clouds—cirrus and

cirro-stratus—in the form of parallel bands has long been

noticed by meteorologists in this country, and various papers on
the subject have been written by Mr. W. C. Ley, MM. Hilde-

brandsson, Koppen, and others ; and the movements of these

clouds, ia conjunction with the wind prevailing at the earth's

surface, are at times sufficient to determine approximately the

direction in which an atmospheric disturbance exists, even with-

out the use of synoptic charts. For instance, a barometric

minimum often exists in a direction nearly perpendicular to that

of the radiation, and, generally, on that part of the horizon where

the bands of upper clouds are most dense, or whence they seem
to radiate, but it is always necessary to take into account the

direction of the wind at the earth's surface. The author draws

the following conclusions from his investigation :
—

(i) The radia-

tion of the upper clouds is closely connected with barometric

minima. (2) Near a barometric minimum, with the pressure
below 29*9 inches, the radiation forms with the radius of the

depression an angle of about 70°, the deviation of the radiation

from the direction of the surface wind being positive {i.e. to the

right), by some degrees, on the south-west of the barometric

minimum, and negative on the south-east of it. {3) Further

from the barometric minimum, with a pressure of 29-9 inches and

above, the inclination to the radius is rather greater, about 75°,

except where the barometric minimum lies to the north of the

place of observation, in which case it is much lower. (4) The

angle formed by the radiation is generally greater in the rear of a
barometric minimum, reaching nearly 90° in a high pressure ; on

NO. IT 55. VOL. 45]

the other hand, it is smaller in front, especially to the south-east

of a minimum, and further from the centre. (5) Compared to

the general circulation of the air in a barometric minimum, the

radiation of the upper clouds most resembles the direction of the

wind near the earth's surface. The meaning of this last sentence

is not obvious ; but the other conclusions agree, on the whole?

with the views of other meteorologists who have studied the

subject.

The Meteorologische Zeitschrift for November contains a

summary, by Dr. J. Hann, of the meteorological observations

taken at Cairo from 1868-88. The observations have been

published in extenso, together with a good introduction upon
the climate, in the Bulletin of the Egyptian Institute, and although
similar observations have occasionally been published before,

the present series contains much new and useful material. The
most striking feature in the climate of this part of Egypt is the

Chamsin, the hot and dust-bearing wind which makes its

appearance in March or April for about three to four days at a

time, and robs a iar^e portion of the trees of their leaves. In

the intervals during which this wind is not blowing the

weather is pleasant and clear during spring-time, and the

nights fresh and calm. During the summer the north winds

prevail, with high temperature, very clear air, and great dryness.
Towards September humidity appears with the rise of the Nile,

the ground is at times covered v\ith heavy dew, and the heat

becomes oppressive on account of the moisture. In October

and November fog occasionally occurs in the morning, and rain

begins to fall. After this season the temperature is uniform

and pleasant. Snow is unknown, froit very seldom occurs, and

rain is not very frequent. The absolute maximum temperature
of the 21 years period was 117° in August 1881, which was

also closely approached in May 1880, viz. 116° "4. The abso-
,

lute minimum was 28°'4 in February 1880, and the mean
annual temperature was 70° '5. Rainfall is only given for the

years 1887-88, in which o 87 and I'd"] inches fell respectively.

The relative humidity sinks at times even on a daily average to

12 per cent., and has been known to fall as low as 3 per cent,

at certain hours. Thunderstorms and hail are very rare. The

original work contains a long investigation on the connection

between the height of the Nile and the weather, a comparison
between the present climate and that at the beginning of this

century, and several carefully prepared diagrams referring to all

meteorological elements.

The refraction and velocity ofsound in porous bodies allowing

passage of sound, such as sponge, wadding, felt, &c., have been

recently made a subject of investigation by Herr Hesehus {Rep,
der Physik). His plan was to make a plane-convex spherical

lens of iron wire net, and fit it, filled with the porous body

(variously condensed), into an aperture in a screen. A pipe of

variable tone was sounded on one side, and the behaviour of a

sensitive flame noted on the other. From the distance of the

focus, when found, could be deduced the refractive index and the

velocity in the lens. The refrangibility grows with increasing

density of the porous substance, while the velocity on the average
is lessened

;
the latter is also less, the greater the sound-wave. The

author gives details of experiments in which the velocity varied

from 146 to 261 metres per second (with ebonite shavings).

From an empiric formula which he gives, he makes deductions

regarding the propagation of sound in tubes, considered as only

a special case of its spread through the pores and passages of a

porous body. He hopes further research in this field may
do something to elucidate the passage of light and electricity

through media.

The Report of the United States Commissioner of Education

has been submitted to the Secretary of the Interior. It says

that the usefulness of the Bureau depends directly upon what it
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prints and publishes, and therefore urges an appropriation of

30,000 dollars for general printing for the fiscal year 1892-93,

and makes a special request for a specific appropriation of

20,000 dollars to continue the series of educational histories of

the several States. The Commissioner reports that there were

enrolled in 1889-90 in the public schools of the United States

of elementary and secondary grade 12,686,973 pupils, as against

9,867,505 in 1880. The enrolment formed 20*27 per cent, of

the population of 1890. The average daily attendance of pupils

on each school day in 1890 was 8,144,938. The whole number

of public school teachers in the past year was—males, 125,602 ;

females, 233,333. The total amount expended during the past

fiscal year for public school purposes was 140,277,484 dollars,

is against 63,396,666 dollars in 1870, and 78,004,687 dollars in

1880. The expenditure per capita of population in 1880 was

1.56 dollars, while in 1890 it was 2.24 dollars.

The U.S. Bureau of Education has issued, as one of its

"Circulars of Information," an excellent paper on "Sanitary
Conditions for Schoal-houses," by Albert P. Marble, Superin-

tendent of the Public Schools of Worcester, Mass. Dr. Marble

has for many years studied the problems of ventilation, heating,

lighting, draining, and school-house construction ;
and his sug-

gestions are well worthy of consideration in this country, as well

as in America. The value of the Circular is increased by an

appendix, in which are given a number of designs of school

buildings of various sizes, carefully selected with a view to com-

modiousness, healthfulness, and economy of construction. In

an official statement prefixed to the Circular, attention is espe-

cially called to a series of nineteen plates constituting the prize

designs selected and published by the State of New York in

1888.

In the interesting paper on insectivorous plants, read before

the Royal Horticultural Society on September 22, 189 1, and

now published in the Society's Journal, Mr. R. Lindsay refers

to the experiments by which Mr. Francis Darwin has shown the

amount of benefit accruing to insectivorous plants from nitro-

genous food. Mr. Lindsay says his own experience in the

culture of Dionsea is that when two sets of plants are grown side

by side under the same conditions in every respect, except that

insects are excluded from the one and admitted to the other, the

latter, or fed plants, are found to be stronger and far superior to

the former during the following season. He points out the im-

portance of remembering that the natural conditions under

which these plants are found are different from what they are

under cultivation. In their native habitats they grow in very

poor soil and make feeble roots, and under these conditions may
require to capture more insects by their leaves to make up for

their root deficiency. Under culture, however, fairly good roots

for the size of plant are developed, "Darwin," says Mr,

Lindsay,
" mentions that the roots of Dionsea are very small :

those of a moderately fine plant which he examined consisted

of two branches, about one inch in length, springing from a

bulbous enlargement. I have frequently found Dionaea roots

six inches in length ; but they are deciduous, and I can only

conjecture that the roots mentioned by Darwin were not fully

grown at the time they were measured. What is here stated of

the natural habits of Dionsea applies more or less to all insecti-

vorous plants."

Gooseberries are so much liked by most people that it is very

desirable the season for them should, if possible, be prolonged.

According to Mr. D. Thomson, who has a good paper on

gooseberries in the current number of the Journal of the Royal
Horticultural Society, this can be done easily in the northern

part of Great Britain. At Scotch shows it is quite usual to see

fine fresh gooseberries about the middle of September. These,

as a rule, are gathered from ordinary bushes that have perhaps

NO, 1155. VOL. 45]

been shaded with mats or canvas after becoming ripe. The best

way to lengthen out the season of gooseberries, Mr. Thomson

says, is to plant a portion of a wall with a due north aspect

with some Warringtons, and train them on the multiple-cordon

system, and keep the laterals spurred in precisely the same way
as IS adopted with red currants on fences or walls, or in fact

with gooseberry bushes grown in the ordinary way. The main

shoots should not be closer than lo inches. If a coping of

wood be placed on the wall to throw off wet, a net being used

to protect the fruit from birds, the gooseberries can be kept fresh

till far into October, and are then very useful and acceptable.

The authorities responsible for the working of the free public
libraries of Manchester cannot complain that these institutions

are inadequately appreciated. From the Thirty-ninth Annual

Report on the subject to the Council of the city we learn that,

during the year ended September 5, 1891, the number of visits

made by readers and borrowers to the Manchester libraries and

reading-rooms reached an aggregate of 4,327,038, against a

total for the preceding twelve months of 4,195,109. The num-

ber of volumes lent for home reading was 702,803. Of these,

only thirteen are missing.

At a recent meeting of the Chemical Section of the Franklin

Institute, Dr. Bruno Terne read a paper on the utilization of

the by-products of the coke industry. In the course of his re-

marks he said it seemed strange, and nevertheless was a fact,

that, with all the ingenuity of the American people in the ad-

vancement of the purely mechanical part of the technical

industries, they have been and are still slow in the development
of chemical industries. "If," said Dr. Terne, "you will visit

our coal region to-day, you will find the nightly sky illumined

from the fires of the coke ovens, and every one of the brilliant

fires bears testimony that we are wasting the richness of our

land in order to pay the wiser European coke manufacturer,

who saves his ammonia and sends it to us in the form of sulphate
of ammonia ; and who also saves his tar, which, after passing

through the complex processes of modern organic chemistry,

reaches our shores in the form of aniline dies, saccharin, nitro-

benzol, &c." Dr. Terne thinks that every pound of ammonia
used in America ought to be produced there, and that every

pound of soda should be made from American salt wells by the

ammonia process.

Mr. Coleman Sellers contributes to the December num-

ber of the Engineering Magazine, New York, the first of a

series of articles on what he calls
" American Supremacy in

Mechanics." Incidentally, he notes that most English inven-

tions brought to the United States have to be "
Americanized,

simplified, made accessible in the case of machinery, and con-

structed with a view to ease of repair as well as to durability

when under the care of careless attendants." Mr. Sellers does

not think it would be worth the while of Americans to copy
" the solidity and immense weight that some deem a merit in

English machinery."

According to the "World's Fair Notes," sent to us from

Chicago, the party which, under the direction of Mr. Putnam,
has been making excavations in the mounds of Ohio, made an

important discovery on November 14. While at work on a

mound 500 feet long, 200 feet wide, and 28 feet high, the

excavators found near the centre of the mound, at a depth of

14 feet, the massive skeleton of a man incased in copper armour.

The head was covered by an oval-shaped copper cap ; the jaws

had copper mouldings ;
the arms were dressed in copper, while

copper plates covered the chest and stomach, and on each side

of the head, on protruding sticks, were wooden antlers orna-

mented with copper. The mouth was stuffed with genuine

pearls of immense size, but much decayed. Around the neck

was a necklace of bears' teeth, set with pearls. At the side of

this skeleton was a female skeleton.
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According to a telegram received in New York from Mexico,
the Mexican Government has ordered the inhabitants of the

villages in the neighbourhood of the town of Colima to abandon
their homes and seek refuge elsewhere, as the volcano in the

vicinity, which was recently in eruption, shows signs of fresh

activity, and the counlry for miles around it is illuminated by
the flames issuing from the crater.

The census of 1890 in Austria-Hungary shows that the rate

at which the population increased during the preceding ten

years was very different in the two great divisions of the

Monarchy. The increase in so-called Cisleithania was 7 "9

per cent. ; in Transleithania, iO"82 per cent. In the indi-

vidual provinces the increase was very unequal. In Lower
Austria it was 138 per cent., this high rate being due to the

attractive force of Vienna. Then came Bukowina with xyi
per cent. ; Galicia, 10 '4 per cent. ; Silesia, 6 '5 per cent. ;

Moravia, 5*5 per cent. ; Bohemia, 5 per cent.
;

the Alpine

lands, from 3 '2 to 36 per cent. ;
and Tyrol, o'9 per cent. A

different set of figures is yielded by the increase of the various

nationalities. Among these the Poles stand highest, with 15

per cent. ; then the Sevbo-Croatians, 14 per cent ; the Ru-

thenians, 11 per cent. ; the Germans, 5 '66 per cent. ; the

Czechs, 5"65 per cent.
; the Slovenians, 3-18 per cent. ;

and

the Italians, under i per cent.

Mr. Henry Laver records in the current number of the

Zoologist the capture of a spotted eagle at Elmstead, near

Colchester, on October 29, 1891. On that day a farm labourer

saw a strange bird, evidently in an exhausted condition, alight

in the field in which he was working. When he went after it,

it rose, and flew about a hundred yards. He soon came up to

it, and, after some little difficulty, from its pugnacity, captured
it alive and uninjured, and in a few days sold it to a gipsy, who
in turn disposed of it to Mr. Pettitt, the local taxidermist. Mr.

Laver says its plumage appears to indicate good health, and that

its appetite favours that idea. If any injury led to its capture,

all marks of it have quite disappeared.

The new instalment of the Transactions of the Leicester

Literary and Philosophical Society (vol. ii. part ix.) contains

an abstract of an interesting lecture by Mr. Harold Littledale,

of the College, Baroda, on some of his experiences with big

game in India. Mr. Littledale gave an especially good account

of shooting in the Himalayas. The ibex and markhoor were

found at altitudes varying from 10,000 to 20,000 feet, and could

be obtained only by perseverance in the face of many dangers
and obstacles. Q)ii\\t razxV)\Qox {Capra megaceras), a splendid
animal which is becoming increasingly rare, he obtained ten

examples, and ibex had also fallen to his gun, with 45
inch horns—the maximum development being about 52
inches. Various species of sheep also occurred, as the magni-
ficent Ovis poll, which the lecturer had not yet met with, Ovis

ammon, Ovis cycloceros, &c. The chamois was found com-

monly in the Himalayas, and Hodgson's antelope could be

shot at elevations of 20,000 feet. Amongst the other mountain

animals described were the snow leopard, Sikkim stag, and

musk deer {Moschus moschifertcs), with its tusks about 5 inches

in length.

Mr. W. H. Rosser has written for the benefit of candidates

preparing for the Board of Trade examinations a general ex-

planation of what is usually known as the "
Compass Syllabus."

It is entitled "Compass Deviation : a Syllabus of Examination

in the Laws of Deviation, and in the Means of Compensating

it," and is published by Messrs. James Imray and Son. The

pamphlet is to be regarded as an appendix to Mr. Rosser's
^' Deviation of the Compass considered practically."
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MM. H, Leveille andA. Sada, of Pondicherry, have started

a new botanical journal with the title Le Alonde des Flantes :

Revue Mensuelle de Botanique. The first number appeared on
October I. It is published at Le Mans (Sarthe).

The Council of the Owens College have published the first

volume of " Studies in Anatomy." It is edited by Prof. A. H.
Young, and presents a part of the results of investigations con-

ducted in the anatomical department of the College during the

last three or four years.

Messrs. BAiLLifeRE, Tindall, and Cox have issued a

second edition of Dr. Edridge-Green's work on *'
Memory : Its

Logical Relations and Cultivation."

A NEW edition of "Falling in Love: with other Essays on

More Exact Branches of Science," by Mr. Grant Allen, has

been published by Messrs. Smith, Elder, and Co.

Messrs. Bemrose and Sons have issued a second edition of

a " Hand-book to the Geology of Derbyshire," by the Rev.

J. Magens Mello. The work has been rewritten, and is illus-

trated with a map and sections.

A curious compound of lead, sodium, and ammonia,

Pb4Na.2NH3, is described by M. Joannis in the current number
of the Comptes rendus. M. Joannis has been studying the nature

and reactions of the substance known as bodammonium, ob-

tained by dissolving metallic sodium in liquefied ammonia. The

deep blue liquid thus produced has been shown in a previous

communication (see Nature, vol. xliii. p. 399) to decompose

slowly at the ordinary temperature into hydrogen gas and

sodamide, a compound of the composition NaNHj, which M.

Joannis isolated in the form of colourless crystals. That such a

compound as sodammonium (NaNHs)^, really exists in the blue

solution in liquefied ammonia would appear to be the most

natural assumption from these experiments. The reactions of

sodammonium now described lend additional support to this

view. When a rod of pure lead is placed in a saturated solution

of sodammonium in water, the reddish-brown liquid becomes

rapidly blue, and finally assumes a deep green tint. A small

quantity of hydrogen is evolved at the same time owing to the

decomposition of a portion of the sodammonium into sodamide,

as above described. The lead gradually disappears, and a solid

substance possessing an indigo-blue colour is deposited. This

blue substance is found upon analysis to consist of the compound

Pb4Na.2NH3, and would appear to be a sodammonium in

which a portion of the sodium is replaced by lead. It dissolves

readily in liquefied ammonia with formation of a solution

possessing a bottle-green tint. It is not very stable, dissociating

spontaneously on standing, with production of a grey substance

very much resembling spongy platinum. Upon exposure to air

it becomes warm owing to its rapid oxidation. It behaves in a

somewhat remarkable manner towards water. When intro-

duced in small quantities at a time into ordinary water, the first

portions dissolve completely, the oxygen dissolved m the water

oxidizing the lead to litharge, which at once dissolves in the

alkaline solution formed. As soon, however, as the oxygen in

the water is used up, further additions of the substance result in

the precipitation of black flocculae of metallic lead. Another

interesting reaction of sodammonium is that with metallic

mercury, which behaves in an entirely different manner from

lead. When the solution of sodammonium in liquefied ammonia

is poured over a globule of mercury, rapid action occurs, with

the ultimate elimination of the whole of the ammonia, aud

production of a sodium amalgam of the composition NaHgg,
which has been obtained in well-formed crystals. This reaction

is the more interesting inasmuch as M. Berthelot, from purely

thermo-chemical considerations, has previously indicated the

possible exi-tence of such a compound of sodium and mercury.
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The additions to the Zoological Society's Gardens during the

past week include a Sooty Mangabey {Cercocebus fiiliginosus ? )

from West Africa, presented by Mr. H. E. Dampier, J. P. ;

a Rufous- necked Weaver- Bird {Hyfhantornis textor i) from

West Africa, presented by Commander W. M. Latham, R.N.,

F.Z. S. ; a White Stork {Ciconia alba), European, presented by

Mr. Walter Chamberlain, F.Z.S. ; eighteen Grenadier Weaver

Birds (Enplectes oryx), ten Golden-backed Weaver Birds

{Pj/romelana aurea), nine Black-capped Weaver Birds

{Hyphantornis nigriceps), four Red-bellied Waxbills {Estrelda

rufiveniris), three Triangular-spotted Pigeons {Columba guinea),

four Dwarf Chameleons {Chavuvleon pumilus) from South

Africa, presented by Mr. R. W. Murray.

OUR ASTRONOMICAL COLUMN.
Jupiter and his First Satellite.—A series of observa-

tions of spots and markings on the planet Jupiter were communi-
cated to the Royal Astronomical Society at the November
meeting by Mr. Barnard. A careful study of numerous details

observed during a period of twelve years has led to the con-

clusion "that the red colour of any of the markings is an
indication of their age ; or in other words, when a spot or

marking (other than the white spots) first appears it is dark or

black, but after some time turns red." Several examples are

given of this transition, and the great red spot seems to be no

exception to the rule. Measurements of transits of the broken
chain of small black spots just north of the north equatorial belt,

discovered by Mr. Barnard during the present year, show that

the spots have a very large relative motion, for they complete a

revolution around Jupiter in about thirty-seven days. The

oblong dusky spot discovered near the great red spot last year
is diminishing its longitude by about o''54 per day, and so com-

pletes a revolution relatively to the latter in about 167 days.

This, and other new red markings in the southern hemisphere,
seem to have their origin in the region of the ijreat red spot.
Their period of rotation is about the same as the round white

spots in the same hemisphere, the longitudes of which diminish

by about o' '6 per day. The observations show that the great
red spot is stationary in longitude, and possibly shorter and
broader now than in i88o. Further observations of the first

satellite have been made in order t3 throw light upon the

apparent duplicity of this body in transit, distinctly seen by Mr.
Barnard on September 8, 1890. It is noted :

— " The pheno-
mena seen on these occasions would rather discourage the idea

of actual duplicity. At these times the satellite has appeared
egg-shaped when in relief on the dark belt. ... I am con-

fident that this particular phase, and perhaps also that of

apparent duplicity, is explained by a bright belt on the satellite

or by darkness of the polar regions, which is the same thing."
Mr. Stanley Williams has suggested that the phenomenon
observed on September 8, 1890, may have been due to the

satellite having been seen in transit as a dark spot close to a

dark spot on" the surface of Jupiter which transited at the

same time.

Spectra of the Sun and Metals.—Some extremely
fine comparative photographic spark-spectra of the sun and
metallic elements were exhibited by Mr. F. McClean at the

meeting referred to in the above note. The spectra extend, in

six sections, from \ 3800 to \ 5750
—that is, from about L of the

solar spectrum to near D. They are divided into two series—
one containing spectra of the sun, iron, platinum, iridium,

osmium, palladium, rhodium, ruthenium, gold, and silver ; the

other containing spectra of the sun, iron, manganese, cobalt,

nickel, chromium, aluminium, and copper. The scale of wave-

length adopted is that of Angstrom's map. Since the spark was
taken in air all the spectra have air-lines running through them.
The purest materials obtainable were used as electrodes :

nevertheless a large number of lines due to foreign substances

appear on the photographs. The commonest impurity is

calcium, its lines being present in very nearly all the spectra.
No attempt has been made to eliminate the lines having their

origin in such impurities ; hence, as Mr. McClean remarks, it is

impossible "to obtain any complete results from these two
series of photographs alone. Photographs of the spectra of all

the common oxidizable metals, and particularly of calcium,

barium, magnesium, and titanium are first required."
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Ast}-onoinischc Nachrichten, No. 3068, contains the following
ephemeris for the comet Tempelg-Swift for I2h. Paris mean
time :

—
1891.
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the elongation, the former, below Pole, later. In this way the

right ascension of Polaris plays a small part in its azimuth of

elongation, which is dependent solely on the declination and
latitude. Assuming the present declinations of the two stars

mentioned, with probable errors of < ± o"-2 and ± o""3 re-

spectively, he finds that the right ascension would probably be

in error by ± o"oo2s. and ± o'0045. In fact, the probable
errors

"
dependent upon anything but the transit of the star to

lie determined will be much less if the present method is used

(with an equal instrument), than if stars in the same declination,

but opposite Polaris in right ascen?ion, were observed by direct

comparisons in the meridian." By applying this method to

other stars of different right ascensions and "gradually increas-

ing declinations," as the R.A. of Polaris or its opposite is

approached, numerous co-ordinates thoroughly independent can

be obtained, and will "provide zero points for the proposed
number of photographic plates 2° square, and consequently help
(c) settle the places of all stars in that region."

MEASUREMENT OFJUPITER'S SA TELLITES
BY INTERFERENCE.

I
T has long been known that even in a telescope which is

theoretically perfect, the image of a luminous point is com-

posed of a series of concentric circles with a bright patch of

light at the common centre. This system of circles can easily

be observed by examining any bright star with a telescope pro-
vided with a circular diaphragm which diminishes the effective

aperture. The appearance of the image is shown in Fig. I, a.

In the case of an object of finite angular magnitude the image
could be constructed by drawing a system of such rings about

every point in the geometrical image. The result for a small

disk (corresponding to the appearance of one of the satellites of

Jupiter as seen with a 12-inch telescope whose effective aperture

has been reduced to six inches) is given in Fig. i, b
; the chief

points of difference between this and Fig. i, a, being the greater
size of the bright central disk, and the lesser clearness of the sur-

rounding rings. The larger the disk the more nearly will the ap-
pearance of the image correspond to that of the object ; and the
smaller the object the more nearly does it correspond with

Fig. I, a, and the more difficult will be the measurement of its

actual size. Thus, in the case just cited, the actual angular
diameter is about one second of arc, and the uncertainty may
amount to half this value or even more.
The relative uncertainty, other things being equal, will be less

in proportion to the increase in the aperture, so that with the

36-inch telescope the measurement of the diameters of Jupiter's
satellites should be accurate to within ten per cent, under favour-
able conditions.

It is important to note that in all such measurements the image
observed is a diffraction phenomenon—the rings being inttr-

ference fringes, and the ^ettings being made on the position of
that part of a fringe which is most easily identified. But such
measurements must vary with the atmospheric conditions and

especially with the observer—for no two observers will agree
upon the exact part of the fringe to be measured, and the un-
certainties are exaggerated when the fringes are disturbed by
atmospheric tremors.

If, now, it be possible to find a relation between the size of
the object and the clearness of the interference fringes, an inde-

pendent method of measuring such minute objects will be fur-

nished ; and it is the purpose of this paper to show that such a
method is not only feasible, but in all probability gives results

far more accurate than micrometric measurements of the image.
In a paper on the

"
Application of Interference Methods to

Astronomical Measurements" ' an nrrargement was described

NO.

'

Philosophical Magazine, July 1890.
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for producing tuch fringes, by providing the cap of the objective
with two parallel slit.'^, adjustable in width and distance apart.
If such a combination be tocussed on a star, then, instead of the
concentric rings before mentioned, there will be a series of

straight equidistant bands whose length is parallel with the

slits, the central one being brightes-t,^ Fig. i, c.

The general theory of these fringes may be found in the

Fhilosop/iical Magazine ior Mzxoh 1891. The general equation
showing the relation between the visibiliiy ofthe fringes and the
distance between the slits is:

I / <^{x) sin kx dx I^ ^
. (I)

I / ^{x) cos kxdx I

V2 =

(2)

which reduces to the simpler form

/ ^ {x) cos kx dx

^--r-
/ ^ {x) dx

when the object viewed is symmetrical.
A number of applications of this formula are discussed in the

former paper, but for the present purpose attention will be
confined to the case in which the object viewed (or rather its

projection) is a circular disk, uniformly illuminated.
In this case equation (2) becomes

V =
-]'

I — o)^ . cos 7r -
o) . rfw (3)

in which o is the angular diameter of the object, and Oq is the

smallest angle resolvable by an equivalent aperture ; that is, the

ratio of a light- wave to the distance between the slits.

The curve expressing this relation is given in Fig. 2, in which
the ordinates are values of the visibility of the fringes, and the

abscissse are the corresponding values of the o/oq.

From this it will appear that the fringes disappear at recurring
intervals, and in a laboratory experiment as many as four such

disappearances were noted, and the average error in the resulting
value of o, the angular magnitude of the disk, was found to be
less than two per cent.

From the curve it is evident that the first disappearance is

most readily and accurately observed, and for this we have

whence, putting s for the distance between the centres of the

slits, and taking for the wave-length of the brightest part of the

spectrum 0'0005 mm,,- and dividing by the value of a second
in radians we have

138
a = (4)

In consequence of the kind invitation extended by Prof.

Holden, it was decided to make a practical test of the usefulness

of the proposed method at Mount Hamilton,

' These will be superposed on another set of fringes due to diffraction from
the edges of the slits ;

but the latter are too faint and broad to cause any
confusion.

^ 1 he wave-length will, < f course, vary somewhat with the object observed,
but may be made constant by interposing a red glass.
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For the preliminary experiments which are to be described it

was thought desirable to use the 12-inch equatorial. Accordingly,
a cap, provided with two adjustable slits, was fitted over the

objective, and provided with a rod by means of which the distance

between the slits could be altered gradually and at will by the

observer, while the distance was measured on a millimetre scale

attached to the sliding jaws. This arrangement, which was con-
structed under the supervision of Mr. F. L. O. Wadsworth,
of Clark University, is shown in the accompanying diagram,
Fig- 3-

With this apparatus the satellites of Jupiter were measured,
with results as given in the following table :

—

No. of
Satellites.

August 2 .

August 3 .

August 6 .

August 7 .

Mean..

I '29
I -29

1-30

1-30

I "29

Table I.

II. III.

119

IV.

•21

•18

119

Seeing.

Poor.

Poor.

Poor.

Good.

These are the values of the angular diameters of the satellites

of Jupiter as seen from the earth. To reduce these to Jupiter's
mean distance these values are to be multiplied by 079, which

gives for the final values—
I.

I""02
II.

o"*94

III.

i"-37

IV.

i"-3i

For the sake of comparison these values are recorded in the

following table, together with those given by Engelmann,
Struve, and Hough, and the last column contains some results

kindly furnished by Prof. Burnham with the 36-inch on the

same date (August 7) as the last of the series by A. A. M. :
—

Bu,

I'll

I"00

178
i-6l

It was found impossible to see the reappearance of the fringes
on increasing the distance, yet the results of Table I. show that
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falling again, the wind had increased, and the sea was high.
The barometer continued falling, and the gale rapidly developed
its full strength. From early morning of the i6th, for nearly
twenty-four hours, it blew a hurricane, and the catastrophes
commenced with the loss of the Eber.

Any attempted interpretation of facts so meagre must neces-

sarily be in a great measure speculative. We have given that

of Mr. riayden, and others have been suggested. One, that of

Lieutenant Witzel, is to the effect that the storm of the i6th was
distinct from that of the previous day, and originated over
Savaii (the island to the west of Upolu, in which is the harbour
of Apia). Another, by Mr. Button, is that the storm of the

15th, after approaching the Samoan Islands on a south-west

track, recurved to west and north-west, and during the following
night again recurved sharply, describing a loop north of Savaii,
and then returning towards Upolu, whence it moved southwards
and south-eastwards. Our own interpretation is somewhat
different from any of these, and seems to be more in accordance
with the habits of tropical cyclones, the movements of which are

by no means so erratic as that implied by Mr. Button's hypo-
thesis, while it does not involve the extremely and, we think,

improbably sharp recurvature suggested by Mr. Hayden, nor
the equally improbable generation of a second vortex only one

day in the rear of the storm of the iSth, as supposed by
Lieutenant Witzel. None of these explanations seem to take
account of the circumstances that attend the formation of tropical

cyclones, which, as we have elsewhere pointed out, differ in

many respects from the storms of the temperate zone.

It is evident from [the considerable and steady fall of the
barometer at Apia from March 12 to 15, that the Samoan
Islands lay within the area of disturbance in which the storm
was generated, and that the formation of the vortex was simply
the concentration of this disturbance, which probably took place
nearer to Apia than is supposed by Mr. Hayden, but still at

such a distance that the first effect of the concentration—viz. a

slight rise of the barometer in the area immediately around, and

especially on the polar side—was felt at the Samoan Islands. If,

then, as seems probable, the vortex was not formed until the
afternoon of the iSth, this, in conjunction with the ordinary
diurnal rise between 4 and 10 p.m., would account for the slight
rise observed at Apia on the latter part of that day, and only the
second fall to a minimum on the i6th was due to the actual

passage of the cyclone. From the severity of the storm, as felt

at Apia harbour, it is clear that Upolu must have been traversed

by at least a portion of the inner vortex, but it could hardly
have been very close to the centre, seeing that the barometer
never fell to 29 inches; and therefore the long duration of the

hurricane (24 hours) can only be explained by the very slow rate

at which the storm was then travelling. This slow rate of pro-
gression strengthens the probability that it had not proceeded
far from its birthplace, since, as a rule, tropical cyclones move
forward slowly at first, and only gradually acquire greater speed
of translation. It also strengthens the inference that it had

originated not very far to the north or north-east of Upolu.
This explanation, as already remarked, can only be regarded

as tentative, but it seems at least worthy of consideration by
those who may have fuller data at hand. H. F. B.

UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Cambridge.—The Sheepshanks Astronomical Exibiiion has
been awarded to P. H. Cowell, Scholar of Trinity College.
A memorial signed by 107 members of the Senate is published

by the Vice-Chancellor : it expresses the opinion that
"

the

whole question of degrees in science should be considered by
the University." Among the signatures are some of those who
took the Greek as well as some who took the anti- Greek side in

the recent controversy.
In view of the fall in the aggregate of the Colleges the

Council of the Senate propose to obtain powers for deferring the

next increment of the College contribution to the University
from 1893 to 1895, and the following increment (from ^25,000
to ;if30,000) for seven years further—namely, to 1903.

Sir George Gabriel Stokes and Prof. Macalister, M.B.,
are among the delegates appointed to represent the University
at the Bublin Tercentenary Festival next year.

Mr. E, W. Hobson, of Christ's College, is approved as Bepuly
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for the Lowndean Professor of Astronomy for the Lent and
Easter Terms.
We regret to hear that Prof. Adams's health does not yet

allow him to resume his duties.

SOCIETIES AND ACADEMIES.

London.

Royal Society, November 19.
— " The Thermal Emissivity

of Thin Wires in Air." By W. E. Ayrton, F.R.S., and H.

Kilgour,
In 1884 it was observed experimentally that whereas the

electric current required to maintain a thick wire of given
material, under given conditions, at a given temperature was

approximately proDortional to the diameter of the wire raised

to the power three halves, the current was more nearly pro-

portional to the first power of the diameter if the wire were 'ihin.

When this difference in the behaviour of a thick and thin wire

was first noticed, it was regarded as being quite unexpected.

But, as pointed out by one of us in the course of a discussion at

a meeting of the Royal Society, the unexpected character of the

result was due to people having assumed that the loss of heat

from radiation and convection per square centimetre of surface

per 1° excess temperature was a constant, and independent of the

size and shape of the cooling body.
The very valuable investigations that have been made on

emissivity by Mr. Macfarlane, Prof. Tait, Mr. Crookes, Mr.

J. T. Bottomley, and by Mr. Schleiermacher, had for their

object the determination of the variation of the emissivity with

changes of the surface and with change in the density of the gas

surrounding the cooling body, but it was not part of these

investigations to determine the change in the emissivity that is

produced by change in the shape and size of the cooling body.

Indeed, so little has been the attention devoted to the very large

change that can be brought about in the value of the emissivity

by simply changing the dimensions of the cooling body, that in

Prof. Everett's very valuable book of
" Units and Physical Con-

stants
"
the absolute results obtained by Mr. Macfarlane are given

as the
"

results of experiments on the loss of heat from blackened

and polished copper in air at atmospheric pressure," and no

reference is made either to the shape or to the size of the cooling

body.
^November 19, 1891.

— Since this paper was sent in to the

Royal Society a new edition of this book has appeared, and, in

consequence of a suggestion made to Prof. Everett, the word
"balls

"
has been added after the word "

copper" in this new

edition, as well as the following paragraph :
—

"
Influence of Size.—According to Prof. Ayrton, who quotes

a table in
' Box on Heat,' the coefficient of emission increases

as the size of the emitting body diminishes, and for a blackened

sphere of radius r centims. may be stated

o , "0003609.
•0004928 -f •'^

^

The value of r in Macfarlane's experiments was 2."]

The laws which govern the loss of heat from very thin cylin-
drical conductors have not only considerable scientific interest in

showing how the shape of a body affects the convection currents,

but they are of especial importance to the electrical engineer in

connection with glow lamps, hot-wire voltmeters, fuses, &c. We
therefore thought it desirable to ascertain the way in which the

law of cooling for thick wires, which involved the diameter raised

to the power three halves, passed into the law for the cooling of

thin wires, involving only the first power of the diameter. For
this object, the investigation described in the paper was com-
menced at the beginning of 1888, and the emissivity was
measured of nine platinum wires, having the diameters of i "2,

2'0, 2'9, 4"0, 6"o, 8'i, 9'3, ii'i, and 14 mils, or thousandths

of an inch.

Suspecting that some of the published results on the currents

required to fuse wires had been much influenced by the cooling
action of the blocks to which the ends of the wires were attached,
we started by making a calculation of the length necessary to

give to our wires, so that the loss of heat by conduction should

not introduce any important error into the determination of the

emissivity. To do this it was necessary to calculate the dis-

tribution of temperature along a wire through which a steady
current was flowing, and from which heat was lost by radiation.
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convection, and conduction, and it was further necessary to

improve on the calculation one of us had published on this

subject in the Electrician for 1879, by taking into account the

fact that the emissivity, as well as the thermal and electric con-

ducting power, of the wire differed at different points in con-

sequence of the difference of temperature.
Until we had completed the experiments described in this

paper, we could, of course, only employ in this calculation values

that we had guessed at as being something near the truth for

the emissivity of platinum wire for different diameters and at

different temperatures. Hence, after the completion of the ex-

periments, we took up the mathematical investigation again,

substituting for the emissivity such a function of the diameter of

the wire and the temperature of the point as we had experiment-
ally found it to be. Section IV. of the paper contains the in-

vestigation by which we finally arrived at the calculated dis-

tribution of temperature along the wire, and we have to express
our sincere thanks to Prof. Henrici (whom we consulted as to

the best method of practically solving the rather complex
differential equation arrived at) for the warm interest that he has
taken in the mathematical treatment of the subject, and for the

many suggestions which he has made, and which have enabled
us to arrive at the mathematical solution given in the paper.

Each wire to be tested was stretched along the axis of a hori-

zontal water-jacketed cylinder 32 '5 cm. long, 7 62 cm. external

and 5 "8 cm. internal diameter, the inner surface of which was
blackened and kept at a constant temperature by a stream of cold

water flowing through the jacket. The rate at which heat was
lost by any one of the wires was measured tiy the product of
the current passing through it into the P. D. (potential difference)
maintained between its ends, while the ratio of the P.D. to the

current gave the resistance of the wire, and, thsrefore, its

temperature. Experiments were in this way made with various

currents flowing through each of the nine wires.

As the variation of resistance with temperature is known to

vary with different specimens of platinum, experiments were

separately made to determine the actual law of variation of

resistance with temperature up to 300' C. for each piece of wire
that had been employed in the emissivity experiments.

In this later determination various thermometers were used,
and the subsequent comparison of these thermometers with a
Kew standard thermometer involved a vast amount of labour,
from the fact that it is, or at any rate was not possible three

years ago, to purchase from the Kew Observatory a standard
thermometer reading from, say, 200' to 300' C, with a short,
wide chamber at the base in which the mercury expanded beljw
200° C. All that could be obtained was a long thermometer
which had been carefully tested between o^ and 100^ C, and the

remainder of whose tube had been simply calibrated for

uniformity of bore. The consequence was that when we
desired to compare one of our thermometers reading, say, from
200' to 300' C, with the Kew standard, their bulbs were very
far apart when both were immersed in the oil-bath, and with
the tops of the mercury columns just above the surface of the

oil. A short description is given in the paper of the devices

employed to overcome this difficulty, and which enabled an
accurate comparison to be made between the thermometers.
On examining the curves, accompanying the complete paper,

which show the emissivity for each temperature for each of the

nine wires, we see that—
(i) For any given temperature the emissivity is the higher the

finer the wire.

(2) For each wire the emissivity increases with the temperature,
and the rate of increase is the greater the finer the wire. For
the finest wire the rate of increase of emissivity with temperature
is very striking.

(3) Hence the effect of surface on the total loss of heat (by
radiation and convection) per second, per square centimetre, per
1° C. excess temperature, increases as the temperature rises.

On comparing the loss of heat from the wire of i '2 mils

diameter when at 300° C. with that from the wire of 6 mils

diameter when at 15^ C, both being in an inclosure at 10° C, we
see that the former loses per square centimetre of surface per
second not

300—10
15
— 10

or 58 times

as much heat as the latter, as it would if the emissivity were the

same ; but, instead,
60 X 58, or 3840 times

as much heat ; arising from the fact that the emissivity
—that is,

the number of calories (gramme C.°) lost per second, per square
centimetre of surface, per i" C. excess temperature

—of the i "2

mil wire at 300" C. is 60 times as great as that of the 6 mil wire

at 15^ the emissivity of the latter wire varying very rapidly
near 15" C.

From the curves which accompany the complete paper, each
curve giving the variation of emissivity with temperature for a

particular wire, the following table has been drawn up, giving
the emissivities of the various wires at eight useful temperatures,
and it will be observed that, in consequence of our investigation

having been made on wires of which the thickest was thinner

than the thinnest ever previously used in absolute determinatipns
of emissivity, the emissivities we have experimentally obtained
are far greater than any previously arrived at.

Diameter of wire in
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That for a temperature of 200° C. the value of d in the

formula
e = 0-00IIII3 + 0-0143028^-^

must be something like 244 mils, or 6*2 mm., in order that the

neglect of the second term may not make an error in e of more
than 5 per cent., and something like I '28 inches, or 32-5 mm.,
if the error is not to exceed i per cent.

And that for a temperature of 300° C. the value of d in the

formula
e = 0-0011353 + o'oi6o84a''i

must be something like 267 mils, or 6 "8 mm., in order that the

neglect of the second term may not make an error in e of more
than 5 per cent., and something like 1*39 inches, or 35*3 mm.,
if the error is not to exceed i per cent.

Generally, then, we may conclude that to. assume that the

emissivity is a constant for wires whose diameters vary from a

small value up to i inch is to make a large error in the case of

the greater number of the wires, and an error of hundreds per
cent, in the case of some of them.

Using the formula (3) which we have arrived at for deter-

mining the emissivity of platinum wires of diflerent diameters at

300° C., it follows that to maintain a platinum wire 075 mil in

diameter at 300° C. would require a current density of 331,000

amperes per square inch ; and, if the emissivity of a copper wire

of the same diameter and at the same temperature may be taken

as being the same, it follows that to maintain a copper wire

075 mil in diameter at 300° C. would require a current density
of 790,000 amperes per square inch.

November 26.—" A New Mode of Respiration in the

Myriapoda." By F. G. Sinclair (formerly F. G. Heathcote),

M.A., Fellow of the Cambridge Philosophical Society.
The Scutigeridse respire by means of a series of organs arranged

in the middle dorsal line at the posterior edge of every dorsal

scale except the last.

Each organ consists of a slit bounded by four curved ridges,

two at the edges of the slit, and two external to the latter. The
slit leads into an air sac. From the sac a number of tubes are

given off
;
these tubes are arranged in two semicircular masses.

The ends of the tubes project into the pericardium in such a

manner that the ends are bathed in the blood and aerate it just
before it is returned into the heart by means of the ostia. In

the living animal the blood can be seen through the transparent
chitin of the dorsal surface surrounding the ends of the tubes ;

and in the organ and surrounding tissues cut out of a Scutigera

directly it is killed the blood corpuscles can be seen clustering
round the tube ends. If the mass of tubes of a freshly killed

specimen are teased out under the microscope in glycerine, they
can be seen to be filled with air. The tubes each branch several

times. Each tube is lined with chitin, which is a continuation

of the chitin of the exo-skeleton. Each tube is also clothed

with cells, which are a continuation of the hypodermis. The
tubes end in a blunt point of very delicate chitin.

I therefore hold that the respiratory organ in Scutigera holds

a position intermediate between the tracheae of Myriapods and
the lungs of Spiders. I hold « ith A. Leuckart {Zeitsch.fiir Wiss.

ZooL, vol. i. p. 246, 1849, "Ueber den Bau und Bedeutung der

sog. Lungen bei den Arachniden") that the tracheae have

developed into the lungs of Spiders and Scorpions, and I think

that the organs in question form a series of which the lowest

term are the tracheae, the next the organ of Scutigera, then the

lungs of Spiders, and then of Scorpions.

Zoological Society, November 17.—Dr. A. Giinther,

F.R.S., Vice-President, in the chair.—The Secretary read a

report on the additions that had been made to the Society's

Menagerie during the month of October 189 1, and called special
attention to the following : a young Buffon's Skua {Stercorarius

parasiticus), captured near Christchurch, Hampshire, and pre-
sented by Mr. E. Hart, and a Land-Crab {Geocarcinus ruricola)

from the island of Fernando de Noronha, brought home and

presented by Mr. D. Wilson-Barker.—The Secretary read a

letter from Dr. G. Martorelli, of Milan, inclosing a coloured

drawing of both sexes of a hybrid Duck bred in the public Garden
of Milan, between Branta rufina <J and Anas boschas 9 .

—
Mr. G. A. Boulenger gave an account fof the various forms of

the Tadpoles of the European Batrachians, and a statement of

the characters by v\ hich the different species may be distinguished
in this stage of their existence.—^A communication was read fropi
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Mr. Edgar A. Smith, containing descriptions of new species of

Shells from New South Wales, New Guinea, and the Caroline
and Solomon Islands, based on specimens lately presented to

the British Museum by Mr. John Brazier, of Sydney.
— Lord

Walsingham gave an account of the Microlepidoptera of the

West Indies, based primarily on the collections made in St.

Vincent and other islands by Mr. H. H. Smith, under the

direction of the joint Committee of the British Association and
the Royal Society for the exploration of the Lesser Antilles.—A
communication was read from M. E. Simon containing the first

portion of an account of the Spiders of the island of St.

Vincent, based on specimens obtained under the direction of

the same Committee.—A communication was read from Mr. H.

Nevill, urging the importance of founding an experimental
Zoological Station in the tropics, and advocating the claims of

Trincomalee in Ceylon for such an institution.—Dr. Johnson
Symington read a paper on the nose, the organ of Jacobson,
and the dumb-bell shaped bone in the OrnithorJiychus.

—Mr. A.

Smith-Woodward read a paper on a Mammalian tooth from the

Wealden formation of Hastings, being the first trace of a

Cretaceous Mammal discovered in Europe. This remarkable
fossil the author was inclined to refer provisionally to the genus

Plagiaulax of the Purbeck Beds, and to call Plagiaulax daivsoniy
after its discoverer.—A communication was received from Mr. C.

Davies Sherborne, giving an exact account of the dates of issue

of the parts, plates, and text of Schreber's "
Saugethiere."

Great difficulties in synonymy had arisen from previously im-

perfect knowledge of these dates.

December i.—Mr. Henry Seebohm in the chair.— Mr.
Sclater exhibited a specimen of a Shearwater obtained lu-ar

Sydney, and brought from Australia by Prof. Anderson
Stuart. This specimen had been determined by Mr. Salvin

to belong to Puffinus gavia, a New Zealand species not

hitherto known to occur in Australia. —Mr. Seebohm exhibited

and made remarks on specimens of several very interesting birds

recently obtained in Ireland. Amongst these was an example
of the Yellow-browed Warbler {Phylloscopus superciliosHs\
obtained on the Tearaght Rock, the most westerly station in

Europe.
—Dr. E. Hamilton exhibited a specimen of the Red-

breasted Snipe of North America {Macrorhainphus grisetis),

obtained in Scotland.—Mr. W. B. Tegetmeier exhibited some

specimens illustrative of the abnormal form of the bill in birds

caused by injuries to that organ during life.—Mr. G. A.

Boulenger read some notes on specimens of Reptiles from

Transcaspia recently received by the British Museum, and

pointed out that examples of several well-known Indian species
occurred in this collection.—A communication was read from

Miss E. M. Sharpe containing the second portion of her de-

scriptions of new Butterflies Jrom British East Africa, collected

by Mr. F. J. Jackson during his recent expedition.
—Mr. A. D.

Michael read a paper upon the association which he had
observed between certain Acarines of the family Gamasidae and

certain species of Ants. The author came to the following con-

clusions : (l) that there is an association between some
Gamasids and Ants

; (2) that a species of Gamasid usually

associates with one or two species of Ant preferentially ; (3)

that the Gamasids of Anls'-nests are not usually found else-

where ; (4) that the Gamasid abandons the nest if the Ant does
;.

(5) that the Gamasids live upon friendly terms with the Ants ;.

(6) that the Gamasids are not true parasites ; (7) that they do

not injure the Ants or their young ; (8) that the Gamasids will

eat dead Ants, and are probably either scavengers or messmates.
—A communication was read from Mr. Edward Bartlett con-

taining an account of the specimens of Rhinoceros from Borneo

contained in the Museum of Sarawak.—A communication was

read from Mr. T. T. Somerville, of Christiania, containing notes

on the Lemming {Myodes lemmus).

AnthropologicalInstitute,November24.
—E. W. Brabrook

Vice-President, in the chair.—A paper on the perforated stones of

South Africa, by H. Mitford Barber, was read.—An account of the

Similkameen Indians of British Columbia, by Mrs. S. S. Allison,

was read. The tribe at present inhabiting the upper valley of the

Similkameen are immediately descended from a small band of

the warlike Chilcotins, who established themselves in the upper

valley of the river about a hundred and fifty years ago, and

intermarried with the Spokans. They have much deteriorated,,

both physically and mentally, within the last twenty years, and

are rapidly becoming extinct. The average stature of the men
is about 5 feet 6 inches

;
their frames are lithe and muscular
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and their movements quick and graceful. Their complexion is

very light, and they have small hands and feet. The colour of

their hair varies from jet-black to red-brown, and in some cases

it is almost curly. They are born horsemen and capital shots.

The sharp horns of the mountain goat were formerly fixed on
shafts of hard wood and used as spears both in hunting and
warfare ; stone knives and hatchets were also used. The summer
dwellings of the Similkameen Indians were made of mats of

cedar bark, manufactured by the Hope Indians, which were
thrown over a circular frame of poles. The winter houses were

simply pits dug in the ground and roofed with poles pnd earth.

All sickness was supposed to be the work of an evil spirit, who
fastened on a victim and hung on, drawing away his life, until

charmed away by the doctor, who worked himself into a state of

frenzy, singing and dancing while he was trying to lure the evil

spirit from his patient. Many of the medicine-men exercise strong
mesmeric power over their patients, and they use several herbs
as medicines

;
their panacea for all ills, however, is the vapour-

bath. When an Indian died he was laid out in state on a couch
of skins ; everything put on the body was new ; his bow and
arrows were laid at his side, along with his knife. His
friends then assembled round him to feast, and when the feast

was over his friends advanced, and taking his hand bade him
farewell. Immediately after a funeral takes place the encamp-
ment is moved, lest the spirit of the deceased should revisit it.

A widow or widower is forbidden to eat meat and certain

vegetables for a month, and must wear quantities of spruce bush
inside their shirts, next their skin. Cannibalism was never
known among the Similkameens. In the mountain is a certain

stone which is much venerated by the Indians, and it is said

that striking it will produce rain. Polygamy was allowed, and
if the husband and wife tired of each other, the price of the

woman, or its equivalent, was returned by her father or guardian,
and the parties were then free to contract another matrimonial
alliance ; but adultery, though it was generally compromised, was
sometimes punished by cutting off the woman's nose or splitting
her ears. Occasionally sick persons were buried before they
were quite dead, and a good deal of infanticide was practised.
The author has not found these Indians to be thieves, and gives
them a general good character in other respects.

Geological Society, November 25.
— Sir Archibald Geikie,

F.R.S., President, in the chair.—The following communications
were read :

—On the os pubis of Polacanthiis Foxi, by Prof.

H. G. Seeley, F.R.S. Hitherto the evidence of the systematic

position of Polacanthus has not been very precise. The author
has detected the missing pubis as an isolated specimen. This
he regards as the anterior portion of the left pubis, and appends
a full description of the bone. He furthermore gives a critical

account of our knowledge of other pelvic bones of the genus,
and is led to associate Agathaumiis, Cratceornus, Omosaurus,
and Polacanthus in near alliance, in the Scelidosaurian division

of the Order Ornithischia.—-A comparison of the red rocks of
the South Devon coast with those of the Midland and Western

Counties, by Prof. Edward Hull, F.R.S. The author believes,
with Dr. Irving, that the red rocks of Devonshire are re-

presentatives of the Permian and Trias which occupy so large
a portion of the district bordering Wales and Salop, and
which extend into the Midland Counties, and comments on the
remarkable resemblance between the representative beds on
either side of the dividing ridge of Palasozoic rocks which
underlies East Anglia and emerges beneath the Jurassic strata

in Somersetshire. He believes that the breccia forming the
base of the series in the Torquay district is a representative of
the Lower Permian division, but differs from Dr. Irving, in

assigning the red sandstones and marls of Exmouth to the Trias,
and not to the Permian as that author has done. He compares
them with the Lower Red and Mottled Sandstones, and regards
the Marls as of local origin, thus causing the beds to diverge
from the normal type. The Budleigh Salterton Pebble-beds,
with overlying sandstones and pebbly beds, he assigns to the

horizon of the Pebble-beds of the Midland area, and points out
that fossils of Silurian and Devonian types occur in the pebbles
of both areas. The Upper Division of the Bunter is well shown
at Sidmouth, and the author takes a calcareous breccia, two feet

thick, which is found in the cliffs, as the basement- bed of the

Keuper division.—Supplementary note to the paper on the

"Red Rocks of the Devon Coast-section," QJ.G.S., 1888, by
the Rev. A. Irving. In this note the author accepts Prof. Hull's

determination (see above) of the breccia at Sidmouth as the base
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of the Keuper, and discusses the age of the sandstones con-

taining vertebrate remains discovered by Messrs. Whitaker,
Metcalfe, and Johnston-Lavis. He brings forward evidence in

support of his view that these are really of Upper Bunter age,

notwithstanding the character of the organisms. He adds new
material in support of his contention that the sandstones and
marls which Prof. Hull assigns to the Lower Bunter are really
Permian

;
but he is inclined to think that the breccias (in part,

at least) pass laterally into the sandstones, and do not underlie
them. From this it follows that the break between the Permian
and Trias of Devon is marked by the absence of the Lower
Bunter of the Midlands, and the author quotes remarks of Mr.
Ussher in support of his view that there is an unconformity at

the base of the Pebble-bed. In conclusion the author refers to

the difficulties of ascertaining the exact age of the breccias, and
notes that we cannot prove that the highest Carboniferous beds
are present in Devonshire. He observes that there is no valid

reason why the great breccia-sandstone series of Devon should
not be the true equivalent of the Lower Rothliegendes both in

time and position in the sequence, and that some portions of
them may be even older than the Rothliegendes of some
districts. He discusses the evidence furnished by the igneous
rocks, and points out the abnormal position both for the British

and German areas which these would occupy, if the breccias

were of Triassic age. The reading of this paper was followed

by a discussion, in which Mr. H, B. Woodward, Mr. Hudleston,
Mr. Topley, Prof Boyd Dawkins, the President, Prof. Hull,
and the author took part.

December 9.
—Sir Archibald Geikie, F.R.S., President, in

the chair.—The following communications were read :
—On the

rocks mapped as Cambrian in Caernarvonshire, by the Rev.

J. F. Blake.—High-level Glacial gravels, Gloppa, Cyrn-y-bwch,
near Oswestry, by A. C. Nicholson (communicated by W.
Shone). These gravels are found at Gloppa, and are situated at

a height of from 900 to n6o feet above sea-level, on the eastern

slope of a ridge of Millstone Grit which forms the western border
of the Cheshire and Shropshire plain. The beds present the

appearance of having been abruptly cut off on the north-eastern

slope. The gravels are in places much contorted, and false-

bedding is frequent. They contain numerous striated erratics.

Amongst the boulders are Silurian grits and argillites, granites
like those of Eskdale, Criffel, &c.. Carboniferous rocl:s. Lias

shale, and Chalk flints. The shells are often broken, rolled,
and striated, but the bulk of them are in fairly good condition.
A list of the shells is given, including nine Arctic and Scandina-
vian forms not now living in British seas, nine northern types,
also found in British seas, two southern types, and nearly fifty

species of ordinary British forms. Comparative lists of the
shells of Moel Tryfan and of those now living in Liverpool Bay
are placed side by side with the list of shells from Gloppa.
The reading of this paper was followed by a discussion, in

which Dr. Hicks, Prof Hull, Mr. Shone, Prof. Blake, the

President, and the author took part. Some remarks sent by
Mr. Clement Reid were read by the Secretary.

—The subter-
ranean denudation of the Glacial Drift, a probable cause of

submerged peat and forest-beds, by W. Shone.

Royal Microscopical Society, November 30.
— Conver-

sazione.—There was a numerous attendance at this meeting,
which passed off very successfully. The following objects and
instruments were exhibited:—Megalolrocha albojlavicans, by
Mr. F. W. Andrew.—Foraminifera from the London Clay, by
Rev. G. Bailey.

—Amphipleura pellucida, Arachnodiscus Ehren-

bergi, Polycystinse from Barbadoes, a microscope with new
substage focussing arrangement, by Messrs. R. and J. Beck.—
Foraminifera from the Chalk, by Mr. E. T. Browne.—Hyaline
Foraminifera from the Folkestone Gault—-viz. Vitriwebbina

Sollasi, n. sp. (Chapman), V. lavis, ?>o\., Polymorphina Orbignii,
n. van cervicornis (Chapman), by Mr. F. Chapman.—A
thickened nodule of Nitella translucens, by Mr. E. Dads well.—
Volvox and Batrachospermiun in saturated solution of common
salt

;
diatom structure in medium (Br Antj, Br Arsj, Piperinca),

by Mr. J. E. Ingpen.
—Filaria sangiimis hominis (diurna and

nociurna), prepared by Dr. P. Manson ;
Bacillus anthrax in

lung ; microscopes with new focussing arrangement to substage,
by Messrs. Johnson.

—
EpistylisJlavicans, Lophopus crystallinus,

Argulus foliaceus, by Mr. R. Macer.—-Transverse section of
fertile head of Equiseium arvense showing spores and elators in

situ, section of Pilia grandijlora showing reticulate and pitted
cells, by Mr. G. E. M.Q:va\3Xidi.- -Hoplophora carinata v. pul-
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cherriiia, a South European mite, by Mr. A. D. Michael.—
Photoirraphs and drawings illustrating the absorpti )n of the
tubercle and other bacilli by the leucocytes, ph Hographs of
micro organisms in dental caries, by Mr. J. H. Mummery.—
Exhibition of natural history objects with the projection micro-

scope, monochromatic light apparatus for microscopic work, by
Messrs. E. M. Nelson and C. L. Curties.—Phagocytes inclosing
tubercle-effusion from dorsal lymph-sac of frog, by Mr. Pound.—

Cherryfield rhoinboides in balsam, with a new ^'.t apochromatic
homogeneous immersion i'4 N.A., by Messrs. Powell and
Lealand.—A collection of different species of Rotifera, by Mr.
C. Rousselet.—Photograph of a new apparatus for measuring
drawings made with the camera lucida, by Sir Walter Sendall,
K. C. M.G.— Petrological slides, transparencies of rock sections,

Foraminifera, &c., by Mr. G. F. Smith.— Starch from potato
fruit under \ inch, with polariscope, by Mr. W. T. Suffolk.—
Photographs of PoJjira scales, by the Hon. J. G. Vereker.—
Section of passion-flower, by Mr. J. J. Vezey.

—
Blight of grape

vine {Phylloxera) ; Bacillus wa//W(glanders) ; Pacinian corpuscles
in mesentery of cat, chlorophyll of moss, Diatomaceae from

Jutland, a slide cont.iining lOO species of Pleurosigma, by
Messrs. Watson.

Entomological Society, Decemlier 2.—The Right Hon.
Lord Walsingham, F.R. S. , Vice-President, in the chair.—
Dr. D. Sharp, F. R. S., exhibited and commented on a number
of photographs of various species of Lticanidm belonging to M.
Rene Oberthiir.—Mr. C. G Barrett exhibited specimens of

local forms and varieties of Lepidoptera, taken by Mr. Percy
Russ near Sligo, including Pieris napi, var. near bryoiiia: ;

Anthocharis carda7nines (male), with the orange blotch edged
with yellow, and yellowish forms of the female of the same spe-
cies ; very blue forms of Polyommatus alsus ; males of P. alexis,

with the hind margin of the under wings spotted with black, and

very handsome forms of the female.— The Rev. S. St. John ex-

hibited two specimens oi Lyccena argiades, taken in Sonersetshire

by Dr. Marsh in 1884 ; tYixee s^ecimQXis oi Deilephila euphorbice,
bred from larvae found feeding on Euphorbia paralias on the

Cornish coast in September, 1889; and a series of various forms
of Anchocelis pistacina, all taken in a garden at Arundel. Lord

Walsingham, F.R. S., Mr. Barrett, and Mr. McLachlan,
F. R. S., took part in the discussion which en ued.—Mr. Jenner-
Weir exhibited and made remarks on two dark specimens of

Zygcena minos which had been caught in Carnarvonshire. He
remarked that the specimens were not representatives of com-

plete melanism, and suggested that the word "
phaeism

"—from

(paios, dusky—would be a correct word to apply to this and
similar departures from the normal coloration of a species.

—
Mr. C. J. Gahan exhibited specimens of the common " book-

louse,^' AIropos pulsaioria, Fabr., which he had heard making
a ticking noise similar to that made by the " death-watch

"

{Anobium).—Mr. B. A. Bower exhibited the following rare

species of Micro-Lepidoptera : Spilonota pauperana, Frol. ;

Gelechia osseella, Stn. ; Clirysoclysta bimaculella. Haw. ;
and

Elachista cingilella, Fisch.— Mr. R. Adkin exhibited a variety
of Anthocharis cardamines, and one specimen of Sesia

scoliceformis bred from a larva found at Rannoch.—Mr. G. T.
Baker read a paper entitled "Notes on Lycana (recte Tliecla)

rhymnus, tengstrcemii, and pretiosa." A discussion followed,
in which Lord Walsingham, Captain Elwes, and Mr. Baker took

part.
—Mr. F. Merrifield read a paper entitled "The effects of

artificial temperature on the colouring of Vanessa urticce and
certain other species of Lepidoptera." The author stated that

both broods of all three species oi Selenia, Platypteryxfalcataria,
Vanessa urticcB, Bombyx quercus and var. callunce, and Chelonia

caja were affected by temperature in the pupal stage, the lower

temperature generally producing the greater intensity and
darkness of colour; some of the Vanessa nrticce made a near

approach to the var. polaris of Northern Europe. A long discus-

sion ensued, in which Mr. E. B. Poulton, F.R.S., Prof.

Meldola, F.R.S., Mr. Barrett, Mr. Jenner-Weir, and Lord

Walsingham took part.
—Mr. W. Bateson read a paper entitled

"On the variation in the colour of the cocoons of Eriogaster
lanestris and Satiirnia carpini," and exhibited a large number
of specimens in illustration of the paper. Lord Walsingham
congratulated Mr. Bateson on his paper, and on the intelligent
care and method shown in his experiments, and said that he was

glad to see that at Cambridge there was an entomologist ready
to enter this interesting field of investigation, and perhaps at

some future day to contest the palm with Mr. Poulton as re-
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presenting the sister University of Oxford. He had noticed that
the larviE of .5". carpini, if left in a box with dead food, and
probably paitially starved, made a light-coloured cocoon ; but
that when the cocoon was made under natural conditions, on

living food-plants on the moors, it was of a dark colour. Mr.
Poulton and Prof. Meldola continued the discussion.

Linnean Society, December 3.
—Prof. Stewart, President,

in the chair.—The President announced the recent bequest by
the late Sir George MacLeay, K.C.M.G., of a marble bust of
his father, the late Dr. William Sharp MacLeay, formerly a

Fellow and Vice-President of the Society.
—The President then

exhibited a series of specimens of a South American beetle,

showing the extremes of variation of colour observable within
the limits of a single species.

—Mr. J. E. Harting exhibited a

photograph of an abnormally situated nest of the chimney
swallow {Hirundo rustica), which had been built for the second
time on a swinging hook in an outhouse ;

and made some
remarks on three recorded cases of swallows nesting in trees, a

most unusual habit.—The Botanical Secretary read a paper by
Mr. W. West, on the Fresh-water Algae of the West of Ireland,
and exhibited by way of illustration a number of preparations
under the microscope, and a series of beautiful drawings by the

author. The paper was criticized by Messrs. A. W. Bennett
and E. M. Holmes, both of whom testified to the excellence of

the work done and the value of the drawings.
—The Zoological

Secretary next read a paper by Dr. W. H. Strachan, on the tick

pest of Jamaica, which was characterized as of so serious a

nature as to demand investigation by entomologists, with a

vitw to a remedy. An interesting discussion followed, in which
Mr. D. Morris gave a variety of details from personal experience

during a residence of some years in Jamaica, and Mr. A. D.
Michael pointed out the generic characters of certain West
Indian ticks which were likely to include those found in Jamaica
by Dr. Strachan. The question of remedy for this plague was
discussed by Dr. John Lowe, and Messrs. T. Christy,- C.

Breeze, and T. J. Briant.

Cambridge.

Philosophical Society, November 23.
—The following

communications were made :
—The self-induction of two parallel

conductOLS, by Mr. H. M. Macdonald. The well-known ex-

pression for the self-induction of two parallel wires (Maxwell,

§ 685) holds only for the case when neither of them is magnetic.
For the case when both wires are magnetic, the value of the co-

efficient is found, in this paper, in the form of an infinite series.

This series can be expressed in finite terms when only one of the

wires is magnetic, and then gives

L = i(M + Mo) + 2^0 log ^5
+

2^0^^-^^
log^,.

where ju,,
is the permeability of the surrounding media (viz.

usually unity), a the radius of the magnetic wire of permeability

fjL,
a! the radius of the other wire, and b the distance between

their lines of centres. The effect of the magnetic quality is ex-

hibited by means of numerical tables.—The effect of flaws on

the strength of materials, by Mr. J. Larmor. The effect of an

air-bubble of spherical or cylindrical form in increasing the

strains in its neighbourhood was examined ; and it was suggested

that the results might be of practical service in drawing general

conclusions as to the influence of local relaxations of stiffness of

other kinds. In particular, a cavity of the form of a narrow

circular cylinder, lying parallel to the axis of a shaft under

torsion, will double the shear at a certain point of its circum-

ference ; and the effect of a spherical cavity will not usually be

very different. It is assumed in the analysis that the distance of

the cavity from the surface of the shaft is considerable compared
with its diameter, so that the influence of that boundary may be

left out of account in an approximate solution.—The contacts of

certain systems of circles, by Mr. W. McF. Orr.—On liquid

jets, by Mr. H. J. Sharpe. The problem is treated by the

method of Fourier series.

Dublin.

Royal Society, November 18.—Prof. A. C. Haddon,

President of the Scientific Section, in the chair.—An analysis

of the spectrum of sodium, by Dr. G. Johnstone Stoney,

F. R. S. The position of the lines which present themselves in
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the spectrum of hydrogen are given, or approximately given, by
Balmer's law, viz.

4n — k
('

-
i^

where k — 274"263. In this formula n becomes the oscillation

frequency of the successive lines, when for m we write the in-

teger numbers 3, 4, 5, &c. Similarly, Profs. Kayser and Runge
have found that A, B, and C can be determined so that the

empirical formula,

M =: A + B —
,
+ C —,,

shall approximately represent the positions of the lines in any
one of the three series that present themselves in the spectra of

the other light monad elements—Li, Na, K, Rb, Cs. These
formulae have an important physical meaning. They indicate

that « is a function of \jm ; in other words, that although the

periodic times of the successive rays are not themselves a funda-

mental period with its harmonics, as is the case with the vibra-

tions that give rise to musical sounds, they in some way depend
on an event of this simple character which is going on in the

molecules from which the spectrum emanates. Balmer's law

may be represented by a very simple diagram which places this

relationship in evidence. Draw the parabola

y"
- "Xk -

x),

and place its axis horizontal. Erect an ordinate at the distance
k from the vertex. Double this out, and using its double

length as unit, set off upon it the harmonics 1/3, 1/4, 1/5, &c.
From each of the points so determined draw horizontal lines to

the curve : these are the values of « for the successive lines of

the hydrogen spectrum. Now, having regard to the fact that

the light monad elements, H, Li, Na, K, Rb, Cs, have alL

of them series of lines which appear to belong to the same

general type, we are justified in assuming that Balmer's law is

the simplest case of a general law which prevails throughout all

the light monads. Hence, if the oscillation-frequencies be

plotted down as the horizontal lines of a diagram constructed as

above with x = n andjf = i/ffi, the curve passing through the

ends of the lines in the other monads should be some curve of
which the parabola is a particular case. This may happen in

._
different ways, but the simplest hypothesis is that they are

hyperbolas or ellipses. Accordingly, the author has tried this

hypothesis in the case of the sodium spectrum, with the result

that hyperbolas approximately represent series P (the principal
series) and series S (the series of sharp lines), and that a para-
bola represents the third series, series D (the series of diffuse

lines) ; and with the further interesting result that the only line

in the sodium spectrum which has not hitherto fallen into its

place as a member of one or other of the three series proves to

be in reality the first term of series S, with a value for n which
is negative instead of positive. The physical meaning of this is

that the revolution going on within the molecules round that

elliptic partial which gives rise to this double line is in the

opposite direction to what it would have been if its n had been

positive (see memoir by the author "On Double Lines in

Spectra," recently published in the Transactions of the Royal
Dublin Society). The equation of an hyperbola being

{a
-

x)"^
= P((5 + 1000 . J/-},

the values to be attributed to the constants for series P of the
sodium spectrum are approximately—

log P = 37740300
« = 3337"4i20
6 = 1438-35

and their values for series S are—
log P = 2-5263843

a = 434-0587
6 = 108-514.

The equation of a parabola being

X — a - 1000 . ^j/2,

the values of the constants for series D are—
a = 244-93,

log -5 =0-04357.
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The investigation shows that in series P and series S of
the sodium spectrum, the curve of nature is not an exact hyper-
bola, but a curve slightly less curved in the neighbourhood of its

vertex. It also indicates that there is probably a line in the sodium

spectrum, belonging to series P, at or a little less than the wave-

Iength2i30.
—Mr. J. Joly exhibited and described a shutter for use

in stellar photography. This shutter enables any bright star in the

field of the telescope to be covered at will, so as to secure better

definition. The shutter is a small watch-spring magnet, adjust-
able to any part of the field, and pivoted so that it can be
rotated by the action of a current which circulates round the

field in a narrow coil. In one position of the magnet the star

is exposed, in the other covered. A modification for parallax

work, suggested by Mr. A. A. Rambaut, and used at Dunsink

Observatory, has the magnet and coil to one side of the field,

and the shutter, which is carried on a needle attached to the

magnet, fixed in the centre of the field. There is no vibration

in these shutters, owing to the small mass of the moving parts.
In the first form, the current in the one coil may control

shutters placed in any part of the field of the tele.'^cope, so that,

if desirable, more than one star may be covered.—Prof. T.

Johnson described the structure and function of the peculiar

swellings (callosities) of Nitophyllmn versicolor, Harv.
,
and

pointed out the bearing of his observations on the specific char-

acter of N. versicolor, and Schmitz's views on the structure of the

Floridean thallus.—Mr. E. W. L. Holt read a list of the rarer

shore and deep-sea fishes obtained during the cruise of the s.s.

Harlequin on the west coast of Ireland (1891). One fish,

Centrophorus squamostis, (Gm. L. ), taken in deep water off the

Mayo coast, is new to the British fauna. The following are

new to the Irish fauna : Raia oxyrhynchus (Linn.), from 500 to

375 fathoms, and from shallow water ; Raia microcellata

(Mont.), from .shallow water—coast of Mayo and Donegal ;

Rhombus norvegicus (Gthr.), from shallow water—Donegal
Bay ; Arnoglossus grohnianni (Bonap. ) was again taken ;

Crystallogobius nilssoni (Diib. and Kor.
) proved to be abun-

dant everywhere, between 10 and 35 fathoms. The follow-

ing were amongst the forms, usually inhabiting littoral,

water, which were taken at more than 100 fathoms : Scyllium
canicula, Acanthias vulgaris, Galstis vulgaris, Raia oxyrhyn-
chus, Gadus cEglifinus, Conger vulgaris.

Paris.

Academy of Sciences, December 7.
—M. Duchartre in the

chair.—Reply to a note by M. Besson on phosphides of boron,

by M. Henri Moissan. The author points out that he re-

marked upon the reaction between boron nnd phosphorus in a

paper presented on April 6, 1891, and more fully described

its properties on July 6, 1891. He therefore claims priority
over M. Besson, who first presented a note on the subject on

July 13.—On the theory of linear differential equations, by M.
Andre Markoff.—On modifications of the adiabatism of a con-

tracted gaseous stream, by M. H. Parenty.
—The vapour ten-

sions of cobalt chloride solutions, by M. Georges Charpy. The
graphic representation of the tensions at different temperatures
of a solution saturated in the cold (containing 32 per cent, of

C0CI2) gives two right lines from 20° to 40°, and from 75° on-

wards respectively, joined by a curve. Each of these right lines

corresponds to a definite state of hydration of the salt ; the

lower represents the tension of a red solution, the upper of a

blue one. These results agree with those of M. Etard, but the

interval of passage between the two states is from 40° to 75°
instead of from 35° to 50", as found by this observer, a difference

explained by the use of saturated solutions in his experiments.
—

Action on some metals of sodammonium and potassammonium,
by M. Joannis. (See Notes.)—Calculation of the temperature of

ebullition of isomeric ethers of the fatty acids, by M, G. Hin-
richs. —Thermal data concerning active malic acid and potassium
and sodium malates, by M. G. Massol. The heat of solution of

the anhydrous acid is (per mol. in 4 litres),
-

3-31 Cal. ; heats

of neutralization—by K = -F 26-23 Cal., by Na = -t- 24-86 Cal.;
heats of solution of the anhydrous salts :

C4H5O3K in 6 litres = -
5-78 Cal.

C4H40gK2 in 8 litres = -t- 1-55 Cal.

C4Hs05Na in 6 litres = - i 66 Cal.

C4H405Na2 in 8 litres =4-1-78 Cal.

The heats of formation of the salts indicate that malic acid lies

between succinic and oxalic acids in the energy of its action.—
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The rotatory power of silk, by M. Leo Vignon.
—Ammonia in

atmospheric waters, by M. Albert Levy. At the previous meet-

ing of the Academy, MM. Marcano and Miintz gave the results

of twenty estimations of ammonia in rain caught at Caracas, and
the mean (i'55 mgr. per litre) was thought by M. Miintz to be

higher than that obtained in our latitudes. M. Levy, however,
shows that a higher proportion has been frequently obtained in

France and elsewhere. He has estimated the ammonia and
nitric acid in all the rainfalls at Montsouris for sixteen years.
The average number is 150 per year ;

and from these 2000 or 3000
measures, a mean weight of 2 "2 mgr. of ammonia per litre has

been obtained.—In which part of the nervo-muscular system is

inhibition produced ?, by M. N. Wedensky.—The antennal

gland of Amphipodes of the Orchestiidal family, by M. Jules
Bonnier.—New list of large Cetacea stranded on the French

coast, by MM. G. Ponchet and H. Beauregard.
—On the para-

sitic fungus of Z«^//««(/?«w acridiortim, Gd., by M. A. Girard.—On the germination of grains of Araucaria Bidtvilli, Hook.,
and Araucaria brasiliensis. Rich., by M. Ed. Heckel.

Berlin.

Physiological Society, November 13.—Prof, du Bois

Reymond, President, in the chair.— Prof. H. Munk gave an
account of further experiments made in his laboratory, on the
effect on the larynx of section of the superior laryngeal nerve
in the horse, and which had again led as their result neither to

paralysis nor atrophy of the laryngeal muscles.—Dr. Kriiger
having investigated the chemical constitution of adenin and

hypoxanthin, finds that they belong to the uric acid group.
When treated with hydrochloric acid at 130° C, they yielded
glycocoll, and by a more profound decomposition with bromine,
potassium chlorate, and hydrochloric acid, alloxanthin and urea
were obtained.

Physical Society, November 20.—Prof. Kundt, President,
in the chair.—Prof. A. du Bois Reymond explained, starting
from the discovery of electrodynamic rotations produced by
alternating currents made by Galileo Ferraris in i888, how the
rotation of the magnetic field is employed in the construction of

rotatory current motors, and exhibited several forms of the
instrument to the Society. The principle di-covered by
Ferraris has undergone very material modification during its

practical application, and hp.s led to most interesting scientific

results.

December 4.
—Prof, von Helmholtz, President, in the chair.—Dr. Assmann described his aspiration-meteorograph intended

for use in captive balloons.—Dr. Wolff spoke on the per-
manency of an accumulator battery which had been standing
for a year, until the fluid in it had evaporated to dryness, and
which, on being recharged, almost immediately recovered its

original strength.

Meteorological Society, December i.—Prof. Schwalbe,
President, in the chair.—Dr. Assmann spoke on meteorological
observations during balloon voyages and in captive balloons.
For the determination of temperature, humidity, and atmospheric
pressure in a free balloon, the aspiration thermometer and an
aneroid barometer suflSce. Comparative measurements made by
Rotch in Paris and in Berlin, during balloon voyages, showed
that a Richards thermograph records a temperature some 8° C.

higher than does a maximum and minimum thermometer, and
the latter shows a temperature always 2° C. higher than does
an aspiration thermometer. In order to carry out prolonged
observations on humidity during a balloon trip, three aspiration
thermometers must be combined, of which two are alternately
moistened while the third is kept dry. For use in captive
balloons self-registering instruments must be employed, whose
construction, owing to the frequently violent vertical jolts of the

balloon, presents considerable difficulty. The speaker exhibited

tracings which showed that these difficulties had been overcome
by him. Temperature is recorded by a bent Bourdon tube
filled with alcohol, humidity by a hair hygrometer, and atmo-

spheric pressure by an_ aneroid; all these instruments being
placed in a space in which aspiration is continuously kept up.
Each instrument records upon a cylinder which rotates once in

about five hours. The German Ballooning Society proposes
to make simultaneous observations (i) in a free balloon,- (2)
with a self recording apparatus suspended by a long cable from
the car of the balloon, (3) with a second similar apparatus in a
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captive balloon, and (4) at the earth's surface.
'

By this means
simultaneous determinations of temperature, humidity, and

pressure at four different air-levels would be obtained.— Prof.

Sporer described the appearance of two groups of sun-spots, of
which one was unaccompanied by any disturbances of terrestrial

magnetism, while the other was followed by very strong dis-

turbances.
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BOTANICAL NOMENCLATURE.
Revisio Genera Plantarwn Vasculariutn ojimium, atque

Cellularium inultarum, secundum Leges NomeitclaturcB

Internationales^ cum Enumeratione Plantarum in

Itinere Mundi collectarum. Mit Erlauterungen von
Dr. Otto Kuntze. Pp. loii. (London: Dulau and

Co., 1 891.)

THE importance of this subject is so great, and the

alterations made in this book so revolutionary (al-

though the author pretends to be guided by "international

rules"), that a brief sketch of the recent history of plant-

naming is desirable in order to render any criticisms of

the work generally intelligible ;
and it is all the more

called for because Dr. Kuntze specially attacks the

position taken up by a considerable section of English
botanists.

From the time of the foundation by Linnaeus of the

binominal system of nomenclature, which cannot be said

to have been consummated before the publication of the

first edition of the "Species Plantarum" in 1753, down
to within the last 25 or 30 years, matters proceeded with

tolerable smoothness, though some influential botanists

did not scruple to ignore the published names of their

contemporaries, or alter them on the most trivial

grounds ;
and there was almost universal laxity in citing

authorities. But the more critical investigation of the

European flora especially, and to some extent also, per-

haps, the tendency to multiply species, led to a more

thorough examination of the literature, resulting in the

discovery that the same genus or species had often been
described and named by more than one writer, the names

being usually different. Furthermore the limitation of

many of the genera founded by Linnaeus and others

was greatly modified, some by narrower circumscription,
others by amplification, according to the opinions and
inclinations of the writers ; and of course it frequently

happened that different writers dealt with the same
materials independently of, and unknown to, each other.

Some of these new genera and species were described or

proposed in publications of merely local circulation, and

were overlooked by the majority of botanists, and others

seem to have been purposely neglected ;
so that in many

instances the current and commonly accepted names
were of more recent publication than those of other

authors. As there appeared to be no way out of the

practice of citing the author of a given combination of

generic and specific names, it followed that the only fair

procedure would be to adopt the name and give credit to

the man who first published a change generally accepted ;

because the presumption was that it was always possible,

and usually probable, that the later author was aware of

the earlier publication. If an author published later

than another, his names must be relegated to the syno-

nymy. This is all very well in theory, and is not so very

difficult to put into practice, so far as recent writers are

concerned, once we have proved the identity of plants

under different names
; but when we come to the older

writers, all sorts of doubts and ambiguities arise, and it

seems much better to retain generic and specific names
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that are as well established as a thing can be in the un-

certainties of the relative rank of vegetable organisms.
The struggle of literary botanists to bring the law of

priority into operation has, as will presently be shown,
resulted in successsive changes in nomenclature, each one

carrying his investigations a little further than his prede-

cessors, and extending the backward limit of authority
for the establishment of genera and species, until the

whole thing has drifted into a lamentable and undignified
race between persons who deal in dates, and are even

prepared to make all sorts of evasions of ordinary rules

in order to gratify their craze for reviving old names.
It is hardly necessary to say that these successive

changes, apart from the great divergencies as to the

limitations of genera and species, have a most deterrent

effect on the progress of the study of systematic botany,
and make it ridiculous in the eyes of persons who regard
a name as merely a means to an end.

In 1867 a Botanical Congress was held in Paris, to

which botanists of all countries had been invited, and
the most important subject discussed was botanical

nomenclature. Mr. A. de Candolle had drawn up a
most carefully considered code of rules to govern botan-

ists in their writings ; and this code was submitted to

the assemblage of botanists, each rule being formulated
and modified as the majority deemed wise. Finally, the

whole was printed and circulated. The fundamental

j>rinciple of these laws was priority of publication with

adequate descriptions, and unfortunately it was made retro-

spective, wijthout any sufficiently defined statute of limita-

tions. For reasons of their own, the Kew botanists took
no part in the proceedings of this Congress ; whether

wisely or not it would be difficult to determine, and fruit-

less to discuss. Of course, their position was open to

comment and criticism, which have not been wanting ;

and Dr. Kuntze, while expressing his admiration of the
amount and quality of the work done at Kew, deplores
the fact that little regard has been paid to remote and
obscure priorities. So far he is fair enough ; but when
he imputes unworthy motives to Bentham, he commits a

great mistake, and does grievous injustice to the memory
of a man whose sole aim was to advance botanical

science, and especially that branch to which he had
devoted his life, and which is most intimately bound up
with nomenclature. No doubt the authors of the "Genera
Plantarum" failed to take up a large number of published

generic names ;
and not being bound down by the law of

priority, they were not always consistent, even from the

point of view of expediency and convenience, as the surviv-

ing author would readily admit. But to suggest that they
would not conform strictly to the rule of priority because

they would have to undo much of their own work is as

disingenuous as it is untrue. The first volume of the

"Genera Plantarum" was not completed till 1867, the

"Flora Australiensis" was less than half done, and the
'' Flora of British India" was not commenced; so that, if

the authors had had a longing for change and cheap
notoriety, they might have re-named a third of the flower-

ing plants of the world. But their idea was to maintain

genera and species, as they had been gradually built up,
under current names. The opinion of the late Mr.

Bentham on this point is clear from the following pas-

sage Qourn. Linn. Soc, xix., p. 19) in his " Notes on the

I
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Gramineae"—the last of the natural orders elaborated

for the " Genera Plantarum "
:
—

" Much has been done, however, for the elucidation
of the order in local Floras. Already at the close
of the last century and the commencement of the

present one, several Continental botanists proposed
new genera for anomalous European grasses ; but
these were published in works which entered but
little into general circulation, and were overlooked by
Beauvois, Persoon, Willdenow, and other systematists.
Several of the same genera have since been re-estab-

lished, but under other names which have now been so

long and so universally adopted, that they must be con-
sidered as having acquired a right of prescription to
overrule the strict laws of priority. It would indeed be
mere pedantry, highly inconvenient to botanists, and so
far detrimental to science, now to substitute Bliimen-
bacJiia for Sorghum, Fibichia for Cynodon, Santia for

Polypogo?i, or Sieglingia for Triodta."

It is idle to argue that two or three persons have no

right to make laws
;
for any corporation, however small,

has that right, and is justified in exercising it if it has the

power to carry them into effect. But, after all, the main

question is, whether the Kew botanists acted in the interest

of science in declining to be guided by the rules passed
by another body of botanists ; and I think any unpreju-
diced outsider would agree that they did, and that the

course events have taken has strengthened their posi-
tion.

It should be remembered that most of the advocates of

priority, and especially those advocates of almost un-

qualified priority, such as Dr. Kuntze, have no respon-

sibility beyond literary accuracy, and even that cannot be
maintained for such uncertain quantities as orders,

genera, and species of plants. On the other hand, the

botanists of Kew have grave responsibilities towards the

general public. It is not too much to say that Kew is

almost exclusively responsible for the botanical nomen-
clature current in gardens, and in English and colonial

literature dealing with plants or the products of plants,
to say nothing of the vast named collections at Kew.
The labour of renaming the plants in accordance with

the investigations of successive reformers would have
been as nothing to the folly of doing so, though it would
have been a herculean task, and a recurring task, as each
older name was disinterred. The idea of giving a gar-

dener, or a manufacturer, or any person interested in

vegetable products, one of these resuscitated generic
names with a specific name tacked on to it by a person
who has done nothing else except put his initials to it, is

too absurd. All the literature connected with the plant
is under another name, all the figures likewise, and, one

might add, all the persons almost who know anything
about the plant, know it by the old name. Yet, forsooth^
we are asked to sacrifice everything that belongs to the

present for the sake of a "
principle

"
that involves endless

confusion, and feeds the vanity of the living more than it

honours the dead. Of course priority in current work is

a totally different thing ; but if it had been the intention

of the promoters of the new " Index to Plant Names," on
which Mr. Daydon Jackson and his assistants have been

engaged for some ten years, to restore these old generic

names, and enumerate the species thereunder, it would
now be necessary to cite some 30,000 of them as the com-
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binations of O. K. (Dr. Kuntze). It is no disparagement
to the literary researches of Dr. Kuntze to say that Mr.

Jackson was in a position to do this infinitely better than

Kuntze, if it had been desirable to do it. But it was
never a part of the plan that the compiler should reduce

synonymy, and amend the nomenclature of plants. His
task has been to prepare an index, and as such its value
will far exceed any attempts at finality in synonymy. To
have proceeded on the lines of Steudel would have only
resulted in the addition of many thousands of names
devoid of all authority. Nevertheless, Dr. Kuntze, being
so impressed with the importance of his precious names,
declares that the index will have no scientific value unless

it include the 30,000 specific names appropriated by" O. K." without more labour than a mere transfer. Dr.
Kuntze worked at Kew for several years, and enjoyed the

usual privileges of the establishment, and the exceptional

privilege of consulting the index in question ; and he now
very magnanimously dedicates a genus to the compiler, and

patronizingly tells him he hopes he will take proper advant-

age of the researches and superior wisdom of the author.

The extent to which these changes have been made may
be gathered from the author's own summary, in which he
states that he has reduced 151 genera; separated off 6

genera ; re-named 122 genera, because they bore names

homonymous with other genera ; restored 952 genera in

accordance with the laws of priority ; and re-named up-
wards of 30,000 species belonging to these genera ! How
he justifies these changes may be learnt from a few ex-

amples, selected to illustrate the various extraordinary
devices employed by a writer who professes to be ani-

mated by a sincere desire to reform and consohdate

botanical nomenclature. We may waive for the moment
another phase of the question

—how far can botanists

accept these identifications, even if they are prepared to

accept the principle ? Astragalus, a genus of more than

a thousand species, is to be superseded by Tragacantha,
because the latter name was published by Linnaeus in his

earlier crude "
Systema

"
(1735), though in his revised and

improved work he preferred and employed the former.

Kuntze says, in fact, that no author can be permitted to

revoke any previously published name of his own making,

any more than those of another person ;
and accordingly

he transfers page after page of names from Astragalus to

Tragacantha, with the appended authority,
" O. K." Other

familiar large genera treated in the same way are : Erica,
which becomes Ericodes, on an even less tenable ground ;

Pelargonium has to cede to Geraniosper7num; and Clema-

tis receives an additional syllable, and in future we must

say Clematitis. Recent authors have combined Rhodo-

dendron and Azalea under the former, but Kuntze now

gives them all names under the latter. Proceeding to ex-

amples of more far-fetched changes, it may be noted that

Cleistanthus is to be Kaluhaburunghos, though it was only
the other day that Dr. Trimen discovered that a plant in

Herrmann's herbarium, bearing this name, which was

taken up by Linnajus in his
" Flora Zeylanica," was the

same as Cleistanthus acuminatus. Dr. Trimen also

identified Gaedaivakka as of the same origin with ChcBto-

carpus, therefore Kuntze restores the former. Another

excuse for changing names is the existence of two of the

same derivation. Thus Glaucium cannot be tolerated by
the side of Glaux, and Kuntze takes the opportunity of
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dedicating the genus to his " dear sister Mary and her

husband Franz Mosenthin," and we get the new name
Mosenthinia. Some other names of the same deriva-

tion are sufficiently distinct to avoid confusion, yet
Kuntze says they must be treated as homonyms. To
this category belong Hydrothrix and Hydrotrichc; con-

sequently the former is re-named Hookerina, though a

Hookera exists and is accepted by our author, who also

inw^wts 2LSirhookera .' Failing any of the foregoing reasons,
an old name may be modified to conform to modern rules,

and then replace a current name. For example, Katouts-

jeroe goes through this process, and is issued as Catuts-

Jeron, otherwise Holigarna. In the same way Anil
becomes Anila, and supplants Indigofera; Cajtc is length-
ened to Cajian, and supersedes Pongamia; and Kauken
to Kaukenia, swallowing up Mimusops. A still more

exasperating kind of change is the transfer of a familiar

generic name to some other familiar genus ;
such as

Ariiieria to Statice. It may be mentioned in passing
that the Plumbaginacecc have fared badly at the hands

of this wholesale reformer. Acantholimon is referred to

Ar/nertaslriim ; Arnieria to Statice j Vogelia to Dyero-

phyton, O. K. ;
Limoniastrum to Limonioides, altered by

O. K. to Limoniodes.

Lovers of orchids will probably be long before they

adopt the numerous changes effected in the generic
names of their favourites. Denirobiiim is superseded by

Callista, Eria by Pinalia, Saccolabium by Gastrochiltis,

Biilbophylluvi and Cirrhopetaliiin by Phyllorchis, Pleuro-

thallis by Huinboldtia, and Angrcecum by Angorchis—
the last by mistake, it would seem, for Aiigrcecum is

really older than the substitute. Why Epidendrum does

not fall is not explained ;
for as now limited it does not

contain one of the species of Linnaeus's original Epiden-
\-drum : and I believe that Vanilla would have to be

named Epidendrum on the principle adopted by Kuntze.

There is another confusing element in these changes.

Dr. Kuntze reinstates a number of Aublet's neglected or

previously unrecognized genera, with modified spellings.

In this way Coumarouna and Tounatea become Cuma-

runa and Tunatea, giving them a widely distant position

in an index. On the other hand. Dr. Taubert has

recently adopted the original spellings, and appropriated
all the species, so that each species is now saddled with

at least three names, in order that justice should be done

to Aublet, who described one species of each genus !

But Dr. Kuntze is not the only person who believes,—and conscientiously, I am convinced—that botanical

nomenclature can only be established on a firm basis
'

by absolute adherence to the rule of priority. As an

instance of the extremes to which some of the American

reformers and champions of priority and fixity go, I may
refer to the writings of Prof. E. L. Greene. With regard
to the authorship of species, he contends {Pitlonia, i.

p. 183) "that according to an acknowledged general

principle which governs men, or ought to govern them,
in all literary work, whether scientific or general," any
binominals now in use in the same form that they happen
to occur in pre-Linniean works, such as those of Ray,

Bock, Dodoens, Fuchs, and others, should be credited in

all modern books, not to Linnaeus, but to such of these

sixteenth century authors who first employed the com-

binations ;
and he enumerates forty-eight examples
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taken from Ray's
"
Catalogus Plantarum circa Canta-

brigiam nascentium." This, not because these authors

had any idea of a binominal nomenclature, but because
the ordinary diagnostical phrase of the period happened
to be reduced to two words. Of course, if we admit

species on this ground, we cannot logically date the

genera later ;
and the same writer (" Flora Franciscana")

carries out the same principle for genera, and ascribes

Lupinus to Catullus, Limun to Virgil, Euphorbia to

Pliny, and Amygdaliis to Theophrastus !

In a more recent article {Pittonia, ii. p. 185), Prof.

Greene proposes new names for a number of what he
terms "

revertible generic names "—that is, names which
have at some period been applied to some other plants
than those for which they are now current, no matter

how remote the chance of revivals. On this principle he

supersedes Pickeringia, Nutt., Nuttallia, Torr. and Gr.,

Darlingtonia^Tort., Crantzia, Nutt., Torreya, Arnott, and
others ; and, as he asserts, with great regret.

One might go on multiplying instances of these un-

necessary changes, but it would only be wearisome.

Still, I may give one or two examples of repeated changes,
and we are not sure that we are at the end. Sir Ferdinand

Mueller, the eminent Australian botanist, reduced Can-

dollea, Labill., to Hibbertia (Dilleniaceae), and replaced

Stylidium by Candollea, whilst Marlea, in Cornaceae,
was replaced by the older name for the same genus,

Stylidium. Kuntze now discovers that Karangolum is

an older name for Marlea, therefore he reinstates Styli-
dium for the plants generally known under that name,
and Candollea of Dilleniaceae is relegated back

; though
in the meantime another compiler had invented the

name Eeldea for it, in spite of its having been reduced to

Hibbertia. One more instance : Nymphcea and Nuphar
are names familiar in their application to a large number
of persons outside of botanical circles, and there was no

objection to them until recently, when Mr. J. Britten

found that Nuphar ought to be Nymphcea, and the latter

Castalia, and he believed he had reached finality in the

matter
; but Kuntze now says that Castalia must fall,

because the name Leuconymphcea was employed by
Ludwig in 1737. And so these changes go on.

On the whole, I think it will be admitted that the Kew
botanists have exercised a wise discretion in employing
current and familiar names in preference to these un-

certain and endless revivals ; and I may say that the same

policy will be pursued in the immediate future. If the

advocates of change succeed in popularizing their ideas

of "
right" and "justice" in the matter, then, no doubt,

Kew would follow, and not unwillingly.

There are endless difficulties in the way of taking up

genera anterior to the first edition of Linnaeus's
"
Species

Plantarum," and it seems only rational and consistent

that binominal nomenclature should be based upon the

foundation of the system, and upon Linnzeus's completed

work, rather than upon his, or other authors', earlier im-

perfect works. It is no breach of confidence to say that

Mr. Daydon Jackson, who has been ten years engaged
on Darwin's '•' Index to Plant Names," has come to the

conclusion that any attempt to adopt genera of an earlier

date will lead to hopeless confusion, to say nothing of

inconvenience.

There are some genuine cases of priority that one
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would rather not admit, because there is no advantage

gained by them and much confusion is caused, inasmuch

as one change often involves several others, and the

re-naming of large genera. According to the strict law,

Pimelea should be Banksia, and so Kuntze re-names the

latter Sirvmellera.

It remains for botanists, who really write for the public,

to decide whether, in a general way, it is not better to

employ current names ;
because it is perfectly ridiculous

to vapour about the "
scientific

" value of names. We
might as well attempt to purify the English language.

All we want is to know what plant is designated by a

given name, and that is no easy matter, apart from other

complications.
Since the foregoing was written, I have seen an article

(^Botanical Gazette, November i 891, p. 318), by Mr. E. L.

Rand, on " Nomenclature from the Practical Standpoint,"

in which he recommends the course followed by the Kew

botanists, without any reference to them, however, or to

Dr. Kuntze, whose work could not have reached America

at that time. W. Botting Hemsley.

APPLIED THERMOD YNAMICS.

Thermodynamics of the Steam Engine and other Heat

Engines. By Cecil H. Peabody, Associate Professor

of Steam Engineering, Massachusetts Institute of

Technology. (London : Macmillan and Co., 1889.)

SUCH
an important work as the present, on the inven-

tion which has completely changed in the course of

this century the conditions of human life, should not have

remained unnoticed so long, and an apology is due to the

author ; our excuse must be that the scope and power
of the book are such as to arrest attention and to excite

interest in all its various details.

The work forms a noble companion to the "
Applied

Mechanics "^of Prof. Lanza, the author's colleague; and

the students of the Massachusetts Institute of Technology
are to be congratulated on their staff, and the possession

of such admirable text-books, to direct their theoretical

and practical studies.

We find a great contrast here with the ordinary treatises

on Thermodynamics to which we are accustomed, where

the subject is followed up to a great extent for its mathe-

matical interest, and where little appeal is made to the

numerical illustrations on a large scale which we see

taking place around us
;
this treatise is written much

more in the style of Prof. Cotterill's
"
Theory of the Steam

Engine," where the methods and results of the application

of Thermodynamics to engineering are developed.

The.book commences with a general theory and formal

presentation of Thermodynamics, as employed by the

majority of writers (and beyond which they rarely travel),

and follows the ordinary notation and treatment, but has

the advantage of being illustrated by carefully drawn

diagrams of real curves and machines, with collections

of instructive numerical exercises taken from real ex-

perience ;
the student can thus test the soundness of his

knowledge as he proceeds.

So long as we deal with the Theory of Perfect Gases,
the First Law of Thermodynamics will suffice to carry us
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orward
; and now the best illustrations of theory are to

be found in the behaviour of compressed air when used

as a motor—for instance, in tunnelling machinery, and in

the Whitehead torpedo, or in the working of Refrigerating
Machines (chapter xxi.), now of such importance in the

New Zealand dead meat trade.

The Second Law of Thermodynamics is introduced in

chapter iii., as a formal statement of Carnot's principle,

and this again as an experimental law. Statements of

this law are of various kinds, but the two given here seem
to put the matter in as clear a light as possible :

—
(i) All reversible engines, working between the same

source of heat and refrigerator, have the same efficiency,
i.e. the efificiency is independent of the working material.

(2) A self-acting machine cannot convey heat from one

body to another at a higher temperature.
This is almost equivalent to the convention that, of two

bodies, the one to which heat passes by conduction or

radiation has the lower temperature.
Sir W. Thomson's definition of an Absolute Scale of

Temperature is now deduced from Carnot's principle ;

and the correspondence of this scale with that given

practically by the air thermometer is found to be so close

that they may be taken as coincident.

The theoretical advantages of Superheated Steam

(chapter viii.) have led inventors to repeated and costly

failures in their attempts at its employment, due to a

simple humble cause, the consequent destruction of the

dirty greasy film of lubricant, which keeps the working

parts from cutting and seizing.

It is related that the introduction of the compound
principle (chapter xiii.) into marine engines was due to

an attempt at the employment of superheated steam,

and that the removal of the superheaters revealed the

superiority of the compound engine.

The substance employed to do the work in a steam

engine is now invariably "Saturated Vapour" (chapter

vii.), the worst substance to choose, according to the
1

precepts of pure Thermodynamics.
The Lawsof Saturated Vapour areempirical, anddeduced

from the experiments of Regnault. Here, as throughout
the book, the results are expressed in British units of the

foot and pound, while the gravitation unit of force is

employed, being the force of a pound in latitude 45° at

sea-level.

Prof. Rowland's latest determination of the Mechanical

Equivalent of Heat is used, namely 427"i, in Metric

Units of metre-kilogrammes per calorie at i6§° C, or jj^

foot-pounds.
The Laws of the Flow of Fluids, investigated in

chapter ix., are applied immediately to the theory of

Giffard's beautiful invention, the Injector, in chapter x.

Working diagrams are given of all the principal varia-

tions of the application of the Injector, an instrument in

which a jet of steam, by reason of its excess of energy

and momentum, is capable not only of overcoming an

opposing jet of water from the same boiler, but also of

carrying with it, in a condensed form, a much larger

quantity of water, and thus feeding the boiler. Still more

paradoxical, even the exhaust steam of an engine can be

made to perform the same office against a pressure several

fold greater. The Injector is working to the best ad-

vantage when feeding a boiler, as the heat of the steam
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jet is returned back again f and although the efficiency
is small, when compared with a pump, still the Injector
has the advantage of working while the engine is at

rest.

The same principle is applied occasionally in the

Water Injector and the Ejector, where, for instance, a large

dy of water, in the form of leakage or water ballast, is

to be rapidly cleared out. A somewhat similar instru-

ment, although quite different in principle, is that called

the Pulsometer, which is really a revival of the Marquis of

Worcester's and Savory's Fire Engine, where the pres-
sure of steam acts directly on the surface of the water.

To check the great condensation a piston was intro-

duced, and hence our modern steam engine.
Hot Air Engines are described in chapter xi., and here

the mathematical theorems for Perfect Gases receive their

most beautiful applications, so that formal treatises on

Thermodynamics usually treat this part of the subject at

length. Our author dismisses it in about eight pages,
with a short description of the principal systems, as,

unfortunately, all the practical objections against the
use of Superheated Steam are intensified tenfold in

the Hot Air Engine. Ericsson once fitted a steamer to

cross the Atlantic with engines on this principle : they
were very cumbrous although the boilers were dispensed
with

; and the experiment did not lead to further imita-

tion. An exception must be made in favour of the Gas

Engine, as the only practical application of the Hot Air

Engine ; the author works out the theory, and comes to

the remarkable conclusion that the efficiency of the Gas

Engine Cycle does not depend, as in ordinary Thermo-

dynamics, on the difference of temperatures so much as
on the degree of expansion and compression.
The author reaches the real part of his subject in

|. chapter xii., where he discusses the theory of the Actual
Steam Engine, as we really find it working, in the mill,

mine, and on the railway or steamer.

Here Hirn appears as the great authority on the careful

records of what takes place in the actual engine (chapter

xvii.).

" The measurement pf quantities of heat, especially
when it has to be done in an engine at work, is an opera-
tion of great difficulty ;

and it was not till 1862 that it was
shown experimentally by Hirn that h, the heat emitted,
is really less than H, the heat received by the engine"
(Maxwell,

"
Theory of Heat ").

The example of Hirn has been followed up of recent

years by careful and long-continued experiments on
steamers and pumping engines in regular work, and the

results of the most important of these tests receive care-

ful description and analysis, in chapters xv.-xviii.
; a

preliminary chapter, xiv., giving a detailed account of

the best procedure and instruments required in Testing
Steam Engines.
The book will be found indispensable, not only by

designers of Steam Engines, but also by writers of

abstract treatises on Thermodynamics, as restraining
their mathematical development within reasonable limits

of actuality, and as directing their analytical powers in a

useful direction.

A. G. Greenhill.
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BRITISH FLIES.

An Account of British Flies {Diptera). By the Hon.
M. Cordelia E. Leigh, F.E.S., and F. V. Theobald,
B.A., F.E.S. Vol. I., Part I. (London : Elliot Stock,

1891.)

THE reader involuntarily glances back at the title of

this work when the first words that meet his eye on
the front page are :

" One of the branches of science that

has advanced with rapid strides during recent years is

geology. . . ." To commence with Fossil Diptera, and to

enumerate the families (and some of the genera) mem-
bers of which are found preserved in the earth's strata,

before either families or genera have been in the least

degree defined, is a somewhat novel way of beginning.
When the work is completed, students will find it useful

to transfer chapter i. to the end. The second chapter,

entitled
"
Classification of Diptera, with an introductory

account of the ancient and modern classification of

Insecta," contains much matter of interest to entomo-

logists in general, although it is questionable whether

the authors have arranged their material in either

the most attractive or the most methodical form. The
classification of the Diptera it is intended to follow is

that of Verrall, published in 1888, in which the order is

divided into two great sections—the Orthorrhapha and

the Cyclorrhapha ; the Nematoceraand Brachycera being
included in the former, and the Proboscidea with the

Eproboscidea in the latter. The Aphaniptera (now in-

cluded in Nematocera) form the subject of the third

chapter, in the course of which this first part terminates.

The structure and metamorphosis of Pulexare discussed

at some length, and certain species are described in

detail. Some uncertainty seems to exist in the authors'

minds as to how many of them are engaged upon the

work, for they use both " we " and "
I." This calls to the

recollection Cruikshank's picture, "In which there is

Antagonism of interest yet Mutuality of object."

It is not possible from a perusal of the first thirty-two

pages to form a fair idea as to the general character of

the work. It may be stated, however, that it appears to

be written for those who are already entomologists, a

familiarity with entomological science on the part of the

reader being assumed by the authors. Considerable trouble

has evidently been taken in consulting authorities whose

works are accessible only to the few. That there is

plenty of room for a good treatise on the British Diptera
will readily be admitted, and if the authors should have

something new to tell about such genera as Chlorops,

Oscinis, Cecidomyia, and Hylemyia, so much the better.

Part I. is illustrated by five woodcuts.

OUR BOOK SHELF.

Principles of Agriculture. Edited by R. P. Wright,
F.H.A.S. (London : Blackie and Son, 1891.)

The raison cVetre of this little volume is to be found in

its
"

tail," where are reproduced the questions set in the
Science and Art Department Examinations in the

Principles of Agriculture during the last eleven years.
The title-page ought to state, but it does not, that this

is a revised edition of a book that was published some
years ago. This fact is only discoverable from the

preface. The original edition was arranged in three
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parts, whilst the current edition is in four parts. The
added part is somewhat of a jumble, inasmuch as it is

supplementary of each of the first three parts. The
scheme of the book is not apparent from the list of

contents, and this omission results in confusion. Whilst,
however, the arrangement of the book is bad, the matter
is good. In skilful hands, indeed, the material which is

here accumulated might have been very attractively

presented. At p. 132, a dozen pages are commenced
on the pests of the farm, whilst another dozen pages
devoted to the same subject begin on p. 180. At p. 71,
the reader enters upon 30 pages about manures, and at

p. 167 he gets a further dozen pages also upon manures.
And so on.

With reference to the fixation of nitrogen by legu-
minous plants, mention is made of the presence on the

roots of these plants of
"

little bag-like enlargements,
or tubercles as they are called." It is unfortunate that

this effort should be made to associate the pathological
term "tubercle" with these structures. The word
" nodule "

is much preferable, and is not less explanatory.
Despite the fact that the book has been written to

enable candidates to "
pass an examination," it is as

useful and trustworthy a little treatise of the kind as

we have seen.

Eleinentary Trigonometry. By J. M. Dyer and Rev.
R. H. Whitcombe. (London : George Bell, 1891.)

The title of this book is on all fours with the contents.

The work is well adapted for school use. The explana-
tions of book-work are clearly expressed, and the text

is amply illustrated by a store of exercises. Sufficient

ground is covered to meet the wants of average Army
pupils.
We have detected errata in the text on pp. 21, 30,

36, 59, 61, 62, 65, 67, 74, 80, loi, 136, 153. The major
part of the proof-sheets has been carefully gone over,
but occasionally, as we have indicated, the authors have
nodded. The printing in places, in our copy, is defec-

tive. But these faults only slightly mar a work which
treats a hackneyed subject with all the freshness one can
look for in an elementary text -book.

LETTERS TO THE EDITOR.
[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of 'iiiATU'R.v..

No notice is taken of anonymous communications.
'\

Opportunity for a Naturalist.

Since the completion of "
Argentine Ornithology," in which

was given an account of the 434 species of birds then known to

occur in the Argentine Republic, Mr. Arthur Holland, of the

Estancia Espartilla, and Mr. J. Graham Kerr, of the Pilcomayo
Expedition, have made excellent contributions to the same sub-

ject, and have added some 30 species to the Argentine avifauna.

But much more remains to be done, and, in continuation of the

work, I am now anxious to get a good series of birds from

Uruguay, the fauna of which, so far as we know it, does not

appear to differ materially from that of its neighbouring Re-

public. For this purpose I have made arrangements with a

friend to take in a naturalist at his Estancia, near Minas, about

sixty miles from Monte Video, and am looking for a qualified
collector to occupy the post. His necessary expenses will be

met, but his further remuneration must de end, more or less, on
the results obtained. May I ask the aid of Nature to make
known this eligible opportunity for a young naturalist who can

make good birds'-skins, and is anxious to pass a few months in

a foreign clime ? P. L. Sclater.

3 Hanover Square, London, W.

Warning Colours,

Mr. Beddard, in his letter published in Nature of Novem-
ber 26 (p. 78), calls attention to Dr. Eisig's suggestion that
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those bright colours of animals which have hitherto been re-

garded as of warning significance are merely the substances

which confer the unpleasant taste, and that therefore the older

interpretation is unnecessary and in fact erroneous. The writer

furthermore implies that Dr. Eisig's views are not alluded to by
those who have written upon animal colours, because they have

escaped their attention. There is, however, another possible

explanation of such neglect, and one which in my own case is

certainly the correct one—viz. that the views in question appear
to be so inherently improbable that a large body of confirmatory
evidence is required before they demand attention. I do not by
this mean to suggest that the unpalatable attribute may not

possess a bright colour : this is certainly often the case, espe-

cially with the secretions expelled by many insects when they
are irritated. But it is highly improbable that these facts afford

any refutation of the theory of "
warning colours"—that is, of

the view which regards the bright and conspicuous colouring as

an indication (in mimetic forms a false indication) of some un-

pleasant attribute, whether associated or unassociated with the

colour itself. And as regards the bright colours of Lepidopterous
imagines, such association is, to jay the least ofit, entirely unproved.
It by no means follows that the yellow colouring of th^; brim-

stone and other butterflies is disagreeable in flavour because it

"is due to a substance formed as a urinary pigment." And the

relation of many animal colours to these pigments by no

means necessarily implies unpalatability. Again, it would be

impossible to regard merely as a coincidence the fact that the

substances in question almost invariably produce a conspicuous

appearance, and, furthermore, produce it in a variety of ways.
Such an appearance is, as is well known, not merely due to the

individual colours, but to their mutual arrangement and relation-

ship. It is due, moreover, to a variety of physical principles,
for the production of white is very different from the production
of the colours which are so often contrasted with it. Con-

spicuous effects are furthermore often gained without the use of

pigment, as in the brilliantly metallic pupae of Euplma core and

of Mechanitis lysimnia. Hence the contention that the bright
colour of distasteful insects is a mere incident of chemical com-

position which has been selected on other accounts is so

inherently improbable that it would require a large body of

evidence to support it.

But perhaps the strongest argument against the view is that

it creates such an artificial distinction between inedibility due to

mere unpalatability, and that due to other unpleasant attributes.

Mr. Beddard would probably admit that the conspicuous

colouring of the skunk, the coral snake, and the wasp pos-
sesses a true warning significance ;

and yet he would interpret
the black and yellow colouring of the larva of the cinnabar

moth or the pupa of the magpie moth (both known to be un-

patable) in an entirely different way, and would deny that it

possesses a warning meaning.
In addition to these considerations, the undoubted existence

of an unpalatable quality not residing in the superficial pigments
is quite clear in many brightly coloured insects. The irritating

hairs and odoriferous secretions of many Lepidopterous and

Hymenopterous larvae, and the evil-smelling yellow fluids which

exude from Coccinellidcz and from many conspicuous butterflies

are examples.
The recent investigations of the distinguished Russian

naturalist Portchinsky (II. "Coloration marquante et taches

ocellees, leur origine et leur developpement," St. Petersburg,

1890) have, among other things, shown us the distinct manner
in which the colours which attend unpalatability are displayed

by the insect when it is disturbed. He thus explains some of

the cases of "shamming death
" which are so often alluded to

in works on insects (the other cases being explained by the

necessity for concealment). Two examples which he adduces

are so interesting, and have so important a bearing on this dis-

cussion, that I cannot resist the temptation of reproducing them

here, especially as Portchinsky's paper, being written in Russian,

is almost unknown in this country. I have, however, been

most kindly helped by my friend Mr. Morfill, and now possess a

complete translation, which I hope soon to publish. The
female of Spilosoma juendica possesses black and yellow legs,

and, when disturbed, it folds hs limbs and drops to the ground,

generally falling on its back, so that the contrasted colours are

displayed (see Fig. i). In the closely allied Spilosoma urtica:

the dorsal surface of the abdomen is black and yellow, and this

insect, when irritated, raises its wings and curves the abdomen
downwards so that the colour is conspicuous. Furthermore,
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only its first pair of legs are black and yellow, and these alone
are stretched out conspicuously (see Fig. 2). The great dif-

ferences between the attitudes of these two closely related

moths, corresponding to the distribution of startling colours

upon them, afford a very strong support to the theory of warning
colours. Mr. Beddard might reply that they thus make pro-
minent the unpalatable pigments that the enemies may first

Fig. I. Fig. 2.

make trial of them upon a material which will ensure their
ultimate rejection. But if the colour has not a meaning as such,
there is no reason why this spot should be attacked in pre-
ference to any other part of the exposed surface ; and the
existence of the colour as a covering to the most vital parts
seems to indicate that it acts as a warning away rather than in
the reverse manner.
The fact that brightly coloured animals are frequently attacked

does not seem to me to be a great difficulty. The really im-

portant point is whether the enemy remembers the attack, and
is assisted in identifying the unpalatable species by its bright
colours. Many experiments seem to show that this is so.

Certainly Mr. Beddard will not assert that the majority of

insect-eating animals fail to know and recognize a wasp without

tasting it. Again, the question is really, as Mr. Titchener

implies in his interesting communication, one of "comparative
palatability

"
; and there is no doubt that insect-eating animals

when sufficiently hungry will attack and sometimes devour
insects which they would ordinarily reject. Furthermore, an
animal which naturally prefers a varied insect food, and which
is fed in confinement largely on other substances and partially
on a monotonous insect diet, may be expected to be less scrupu-
lous than it would be in the wild state. I may state, however,
that the most intelligent insect-eating animals, such as the

marmoset, hardly ever make mistakes
; their suspicion being at

once aroused by any trace of a warning colour.

It is well known that we chiefly owe the theory of warning
colours to Mr. A. R. Wallace. My own conviction of its

entire validity rests upon the results of a prolonged series of

experiments, of which only a part has been published. I believe
that I conducted these experiments fairly, that my mind was

open, and that I had no personal bias in the matter at all,

either in favour of or against the theory. And I can confidently
make the same claim on behalf of others who have experimented
in the same manner—such as Mr. Jenner Weir, Prof. Weis-
mann, and M. Portchinsky. I may allude especially to the

writings of the last-named authority, as they are the most im-

portant as well as the most recent contribution to the theory
which we owe to Mr. Wallace.

I may also take this opportunity of replying to a very similar

objection raised by some reviewers against my book on the
"Colours of Animals, their Meaning and Use, &c." They
point out that I have not alluded to Elmer's work on the com-

parison of the wing-markings of Papilionida, and they assume
that his paper has, therefore, escaped my attention. But
Elmer's paper has no bearing whatever on the value of colour
in the struggle for existence, and this is the subject of my book,
as anyone can infer from the preface, or even from the title.

For this reason I was also compelled to omit reference to what
I venture to regard as the far more important work of Weis-
mann on the development of the colours and marking of

caterpillars, and of Dixey on the wing-markings of Vanessida
and Argynnidce, as well as a very large proportion of my own
work, which is a continuation of that begun by Weismann, and
was, in fact, inspired by it.

Edward B. Poulton.
Oxford, December 15.
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My friend Prof. Meldola has drawn my attention to a com-
munication by Mr. F. E. Beddard in Nature of November 26

(p. 78), in which the view is expressed that the brimstone butter-

fly {Go7iepteryx rhamni) is rendered protected or unpalatable by
the yellow pigment of its wings being due to a substance formed
as "a urinary pigment," and that the coloration is "a conse-

quence of the deposition in the integument of bitter pigments."
The following objections may be urged against the view that

this coloration, said to be of the nature of a "
urinary pigment,"

affords any protection whatever.

Gonepteryx rhanmi itself has its female much paler than the
male and of a greenish-white hue, whilst the wings in both sexes
are of a leaf-like appearance, which can only be due to the pro-
cess of natural selection, and can scarcely have been exercised
in the direction of "protective resemblance "

if the insect was
already unpalatable by the "urinative" nature of the yellow
pigment of its wings.
Yellow Lepidoptera have certainly no immunity from the

attacks of birds ; on the contrary, the scanty records we possess
of these onslaughts go to prove that the contrary is the case.
The late Mr. P. H. Gosse observed one of the greenlets ( Viero-

sylvia calidris) to pursue a species of Terias in Jamaica ("Birds
of Jamaica," p. 194). In Southern India, Mr. E. L. Arnold
found the principal victims of the green bee-eaters to be speci-
mens of Terias hecate(^' On the Indian Hills," vol. i. p. 247-48).
Quite recently in the Transvaal I have observed the wagtail,
Motacilla capensis, to pursue and devour the yellow Lithosiid

moth, Binna madagascariensis.
But the facts of "

mimicry
" seem to effectually dispose of the

supposition. In South Africa, the yellow black-margined
Papilio cenea affords by its females the most striking examples
to prove the non-protective value of this coloration

; for the
females respectively mimic those two well-known "protected
butterflies," the blackish Amauris echeiia and the reddish
Danais chrysippus, whilst, to add to the negative evidence, the

yellow male has been seen by Mr. Weale to become the prey of
the flycatcher, Tchitrea cristata.

On the Amazons, Mr. Bates has long since shown that the

yellow and black Leptalis arise mimics the markings—even to

the colour of the antennae and the spotting of the abdomen—of
the protected or unpalatable Methona psidii.

Russell Hill, Purley, Surrey. W. L. Distant.

A Difficulty in Weismannism.

In his communication of November 28 (Nature, December
3, p. 102), Prof. Hartog asks us to believe that Weismann, in

a letter from which he quote--, insists (i) that the Ahnenplasmas
are "not completely unchangeable," and (2) that "each
Ahnenplasma unit corresponds to an individual of the species
itself ;

and if put under suitable trophic conditions would, singly,

reproduce such an individual."

Assuming that thesis II. adequately represents the Freiburg
Professor's latest views, and that a few sentences detached from
their context are to be depended upon, we must, it seems to me,
conclude, with Prof. Hartog, that he has unearthed an incon-

sistency, and, what is of more importance, shown that the

shuffling process is not only unnecessary, but that a new signi-
ficance must be found for it.

I am, however, still inclined to believe that hypothesis B is

the one upon which Weismann has founded his theories of

heredity and sexual reproduction. The hypothesis, however,
should take account of the variability, slight though it may be,
of the Ahnenplasmas. We agree to call the Ahnenplasmas
Protozoan, simply because we have no conception of the kind
and amount of the variation they have undergone since they
parted company with the unicellular organisms in which they

originated. We have no reason, however, to believe that the

external causes which led to their variation in unicellular organ-
isms are powerless to affect them now that they are localized

in the reproductive cells of multicellular ones.

Prof. Hartog, moreover, while relinquishing the idea of the

variability of the offspring of the lioness, endeavours from
another point of view to attack Weismannism on the plane of

hypothesis B. Is he, too, sceptical as to Weismann's adherence
to hypothesis A, or does he simply wish to overwhelm the
so-called disciples ?

In either case, several objections may be made to his argu-
ment. In the first place, we object most emphatically to any
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theory of Weismannism minus natural selection. In the second

place, we believe that Weismann means permutations, though
he uses the term combinations. After a football team has been
selected, the men can be arranged in

|ii different ways. The

arrangements would virtually constitute new teams, and news-

papers would speak of them as strong and weak combinations.
The combinations of the Ahnenplasmas can be assumed to be of
a similar kind. The arrangement almost certainly counts for

something. Nevertheless, Prof. Hartog's contention—that the
elimination of Ahnenplasmas in the shuffling process would lead
to ever-increasing simplicity—demands serious consideration, for

duplication lessens the possible number of permutations and
combinations. I would point out that we may conceive that
the Ahnenplasmas were, in asexual unicellular organisms, either
all the same, all different, or in intermediate conditions. In

any one of these cases we must assume that m, the number of

individuals, was much greater than n, the number of

Ahnenplasmas present in every individual. With the evolution
of sexuality (all the individuals being diflferent) we should get
combinations of, at least, m Ahnenplasmas taken n at a time.

Different permutations of the same combination would be, of

course, possible, giving rise to other combinations, using the
word in the general sense. We must suppose that natural
selection operated upon the variations produced by these first

c imbinations. Natural selection had operated upon the uni-

sexual ancestors of these sexual forms. We can at least conceive
that development would follow one of two courses. Along the

first, combinations in which more than one unit of a kind ap-
peared would, if possible, be prevented. Such might arise, but
under the operation of natural selection they would not be allowed
to perpetuate themselves. Along the second, such combinations

might arise and be perpetuated. In either case, it must be
assumed that the combinations which survived were such as were
best adapted to the varied combinations of external conditions.
This may be made clearer by an illustration. In Rugby foot-

ball, combinations of 15 in which 8 or 9 of the men—the
forwards— are all the same would be strong, whereas, if all were
different, they would be weak. In Association football, strong
combinations could only be made up by selecting different types
of players for the different places. I am inclined to believe that
both cases are followed by Nature. The one which I have
illustrated with reference to Rugby football cannot, however,
have been generally followed. It is an adaptation for which the

organism has ultimately to pay dearly, and is as dangerous to

the development of the ///j//«</«, as we maysuppose parthenogenesis
to be to the species. Taking the case of plants, I would say that
the one course may have been followed along the line of de-

velopment of the main archegoniate series, the other in the

development of such divergent groups as the Ustilaginese and
Gastromycetes. The argument of Prof. Hartog, therefore, while
of no avail as directed against Weismannism, is of use in so far
as it enables us to better understand divergence. I am inclined
to think that it may serve also to explain the remarkable per-
sistence of such forms as Nautilus. It suggests, too, an explana-
tion of the disadvantage of breeding

"
in and-in." Finally, I

would remind Prof. Hartog that neither of the disciples of
Weismann apparently believes in the non-variability of the

Ahnenplasmas. If their beliefs have a substantial foundation,
it follows that the number of possible combinations becomes
absolutely unthinkable.

I shall be much obliged to Prof. Hartog if he can inform me
of any theory of heredity whose foundations are not " more or
less mythical." There are, no doubt, many difficulties in Weis-
mannism, before one of which, the theory, having served its

time, may come to the ground. I do not think that Prof.

Hartog's is one of them. A. H. Trow.
Penarth, Cardiff, December 10.

Destruction of Immature Sea Fish.

In your number of November 19 (p. 49) you review the Ninth
Annual Report of the Scotch Fishery Board. I have not seen
the Report, but assume that your reviewer's statements as to its

contents are correct. My object in writing is to draw attention
to the opinions attributed to Dr. T. Wemyss Fulton as to the
destruction of young fish by shrimpers. I may say at once that
I am one of the "very many" to whom the "results" are "sur-

prising
"

as your reviewer remarks. I am an old shrimp-trawler
in the Dee and along the Flintshire coast, and I have no hesita-
tion in saying that, as regards the Dee and, I believe, the
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Mersey and the Lancashire coast as far north as the Ribble, the
destruction of young fish is absurdly under-estimated, whether
I judge by my own experience or by that of Mr. R. L. Ascroft,
of Lytham, with whom I have been in correspondence on the

subject since 1889. This gentleman, however, informs me that
Dr. Fulton's information was obtained from Morecambe Bay,
where smaller trawls are used, and the boats drift with the tide
instead of sailing. Dr. Fulton has been informed that in the

Solway Firth a single boat in one year captures over iio.ooa
immature plaice. If the word "year" is not a mistake for

"week," either the statement is immensely under-estimated or
the conditions in the Solway must be very different from what
they are further south. This may be judged by the following^
extract from a letter written by Mr. Ascroft in 1889. I may
say that this gentleman (who is now, I am glad to say, a mem-
ber of the Lancashire Fishery Committee) has had a long and
practical experience in all kinds of sea-fishing on the Lancashire
coast, and is a careful and accurate observer. He writes as
follows :

—"
Shrimping destroys more young fish than almost

any other agency. I have seen in Formby Channel locwt. of

young flukes destroyed, not one the size of half-a-crown, by one
boat, and there were sixty boats there that day."
Now, taking the weight of a fluke the size of half-a-crown at

4 oz. ,
a simple calculation will show that each boat captured

35,840 young flukes (a term which includes plaice and dabs) in

one day, or 215,040 in a week of six days
—

nearly twice as

many as Dr. Fulton's figures for a year ! And elsewhere Mr.
Ascroft says :

" You may put it as an axiom that 90 per cent,

of fish that comes on a boat is destroyed, as when trawling they
sail back as they have got their net, and do not commence
sorting the take until the net is out again, and they do not, in

shallow water, throw the rubbish" {i.e. everything except
shrimps)

" over until they turn out to haul, for fear of getting it

into the net again." All of which I may say is borne out by my
own experience.
The following is an extract from my diary, written July 10,

1885, when Fishery Committees were not dreamt of. The
occasion was an excursion for dredging purposes of the Chester

Society of Natural Science, when I took my boat and trawl to-

meet their steamer at the mouth of the Dee. The Green Buoy
marks the bar near Prestatyn, and I let down the trawl in mid-
channel (about 5 fathoms) in the hope of getting some natural

history specimens:—"Began to trawl just below the Green

Buoy. Got a few goodish soles, and an immense number of

young soles, which always squeeze theirheads through the meshes.

( N. B.—Shrimp-trawling at this time of year should only be allowed
within a quarter of a mile of the shore, to avoid the immense
destruction of fry, which mostly lie further out.) Afterwards

got a good haul of shrimps as close in (shore) as we could go."
I have a perfect recollection of the occasion, and although
the trawl was only down about twenty minutes I was horrified

at the number of young soles which were in the net, and most
of which had choked themselves. But there were very few

shrimps, which mostly lie in very shallow water near the edge
of a sand-bank.
As a remedy for this destruction I would suggest that the

principal breeding-grounds be ascertained, and trawling on them

prohibited at such times as the young fish are there. If the

prohibition be evaded, then a steamer-load of very large angular
stones, distributed from 100 to 200 yards apart on the selected

grounds, would effectually prevent trawling, and at the same
time, as they became covered with weed, afford shelter and
food to the fish and shrimps. This has been done by Nature in

this bay, where large boulders washed out of the drift that here
forms the coast-line strew the shore at wide intervals, and
render trawling for shrimps impossible, though hand nets can
be and are worked.

I trust the importance of the subject will excuse the length
of this letter. Alfred O. Walker.
Nant y Glyn, Colwyn Bay, December 14.

The Salts in Natural Waters.

The inquiry of your correspondent
" R. B. H.," in Nature.

of November 26 (p. 78), may be answered as follows. In the

analy.sis of an ordinary water, after determining the respective
amounts of lime, magnesia, (soda), carbonic acid (combined), sul-

phuric acid, nitric acid, and chlorides (these being the constituents

met with usually in such a water), we proceed to combine the acids

and bases thus : the carbonic acid is calculated to carbonate of
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lime ; if there be more than sufficient to sati-fy all the lime, the

remainder is calculated to carbonate of magnesia ; if there be
too little, however, the remaining lime is combined with sul-

phuric acid ; any remaining sulphuric acid is calculated to sulphate
of magnesia, and so on

; the order in which the bases and acids

are taken being therefore as follows :
—

Lime, Carbonic acid,

Magnesia, Sulphuric acid,

Soda. Nitric acid,

Hydrochloric acid.

Now, although this is the usually accepted and conventional

method of returning an analysis, there is no doubt that the

assumptions it involves are altogether arbitrary, illegitimate,
and unscientific. The only scientific method of returning a

water analysis is to represent (in parts per 100,000 ; not in

grains per gallon, as the atrocious English system of weights and
measures generally compels us to) the constituents a!c/Ma//y/£?««^;

as, for instance,

CaO ; MgO ; COj ; NgOg ; CI ; &c.

This is all that an analyst is entitled to say, and this much is

certain : when we proceed to combine the constituents, we are

dealing in conjecture.

Unfortunately, however, it seems to be a "law of Nature"
that those classes of the community who chiefly require the

services of analysts are absolutely ignorant of the merest rudi-

ments of chemistry ;
the consequence is that if any analytical

purist endeavours to reform upon the conventionally established

procedure, and to return a certificate of analysis in a scientific

manner, his clients are up in arms at once, and indignantly de-

mand what he means by sending them such a nonsensical rigmarole.
Thus far, then, we are helpless ; but it is most undesirable

that this conventional procedure should be adhered to whenever it

is possible to substitute the scientific (as in an analysis of purely
scientific interest).

" R. B. H. "
asks what salts really exist in solution.

According to Ostwald and others, no salts at all if the solution

be dilute enough, but only dissociated ions with electrical

charges. But whether this theory be correct or not, it is im-

probable to the last degree that an analysis represents the salts

actually present. The indeterminatenessof the problem is clearly

shown by the fact that from the same solution either sodium

chloride and magnesium sulphate, or sodium sulphate and. mag-
nesium chloride, may be obtained, according to the method of

crystallization adopted. Even supposing that Ostwald's theory
be incorrect, and that not ions but salts exist in solu'ion, and
that these different results be due to d uble decomposition

occurring in one case, it would be a gigantic assumption that

we 'can definitely show the exact natural distribution in a

complicated solution containing eight or ten constituents.

If
" R. B. H." wishes to see an account of how acids and

bases distribute themselves in a simple solution, he may consult

Ostwald's
" Outlines

"
(p. 338, &c., English translation), and

also the discussion on avidity in Lothair Meyer's
" Modern

Theories of Chemistry
"

(472-87). F. H. Perry Coste,

7 Fowkes Buildings, Great Tower St., E.C., Nov, 28.

I AM much indebted to Mr. Perry Coste for his clear and

candid answer to my question. It is exactly the answer which

I anticipated. The actual facts established by analysis are too

often forced, by the arbitrary assumptions of the analytical

chemist, to yield unwarrantable conclusions.

The reason given is, that
" the people love to have it so." I

had hoped that chemists could give some better grounds for

their proceedings. They bring to mind the words of the old

prophet : "A wonderful and horrible thing is come to pass in

the land ; the prophets prophesy falsely," . . . for "my people
love to have it so ;

and what will ye do in the end thereof?
"

Surely we may henceforth claim, in the interests of truth or

(which is the same thing) science, that chemists will give us in

every case the actual facts obtained by analysis ; and if they

proceed further for the sake of the prejudices of the ignorant,

they will at least warn them that such further inferences are not

trustworthy, and have only a very moderate amount of prob-

ability, if they can even lay claim to any probability at all.

I speak feelingly, because I have had occasion to examine a

great number of analyses of water from the chalk of the London

Basin, telling me, in most cases with a " cocksureness
"

which

has amazed me, what salts, and what amount of them, these

waters contained, and these, for purposes of comparison, I have
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had painfully to reduce back to the real facts from which they
were derived.

I am quite prepared to believe that the investigations of

Ostwald and others as to solutions show that salts as such do
not exist in these waters at all, and that the relations of acids

and bases in such cases are variable with the physical condition

of the water. As an instance which has come under my own
notice, it was reported by competent chemists, with reference to

water from a deep well in Harrow, in which an unusual quantity
of magnesium and sulphuric* acid was found, that at 60° F. its

hardness was 10° "4 (grs. per gall.) ; that, mixed with an equal

quantity of distilled water, its hardness rose to 24° ; while at the

temperature of 158° it rose to 26°'5. I suppose that a chemist

would hardly attempt to assign with much confidence what
exact changes in the relations of the dissolved constituents

would produce these and similar results. All the more reason,

then, why analysts should limit themselves to statements which

they can vouch for by direct observation and the balance.

My remarks having extended beyond a mere question, I think

it best to sign myself in full, Robert B. Hayward.

Peculiar Eyes.

Mr. Shaw's case is by no means so peculiar as he supposes.
I imagine that everyone who has had to do with experi-

mental questions of physiological or psychological optics has

found it to be rather the exception than the rule that an investi-

gati'>n of his reagents' eyes has shown their perfect equality
—as

regards "long" and "short" sight, colour sensitivity, and

sensitivity to lijiht. The common preferential use of one eye

explains a good deal (cf., e.g., Aubert,
"

Physiol, d. Netzhaut,"

p. 18; Schon, Arch. f. Ophthalmologie, xx. 2, p. 271). Mr.

Shaw may also be colour-blind in one eye ; the perception of

colour difference alone is no criterion. I find it safest to employ
the wool, spectrum, and coloured-card tests in combination.

Animals (with the exception of the very highest) have nor-

mally a so restricted binocular vision that they need not be

taken into account.

It may be interesting to note that a like difference of sensa-

tional capacity exists between the two ears. A tuning-fork held

to one ear may, quite normally, drown a tone-sensation which is

half a musical tone deeper or higher than that excited by the

same fork in the other ear. E. B. Titchener.
P. S.— I discovered the very considerable inequality of my

own eyes quite accidentally in my sixteenth year.

Alleged Pseudopodes of Diatoms.

Will you allow me to express my concurrence in your
criticism (p. 140) on Mr. Grenfell's paper on the occurrence

of pseudopodia in the Diatomaceous genera Melosira and Cycle-

tella ? I express no doubt on the accuracy of Mr. Grenfell's

observations, the knowledge of which I have derived from his

paper in the Quarterly Journal of Microscopical Science, and

from his verbal description at a meeting of the Linnean Society ;

but I do desire to enter my protest against the use of the term

"pseudopodia" for the protoplasmic filaments observed by
him. According to the accepted meaning of this term, it is

applied to masses of protoplasm which are in organic connection

with the protoplasm of the body of the organism, and which are

retractile. I understand Mr. Grenfell that he is unable to affirm

either of these facts with regard to the structures observed by
him ; and, until this is done, the application to ihem of the

term "
pseudopodia

"
appears to me to involve a begging of the

question at issue, and a needless and regrettable confusion in

terminology. Alfred W. Bennett.

Intelligence in Birds.

Under this head Mr. Wilkins, in your last impression (p.

151), speaks of Podoces panari hiding food in the sand. I have

a fox-terrier puppy which was taken from its mother when about

seven weeks old, and sent to me. I have no other dogs, nor

has he seen any dogs, but he buries bones in the garden with

great skill, digging a hole with his fore-paws. He puts in the

bone, and carefully pushes it down with his nose, and then

cover- it with garden soil, which is pushed in with his nose.

The work is very carefully and elaborately well done.

I have had, at various times, very many dogs of all kinds and

ages, but I never saw so young a puppy bury bones, or any dog
do it so well. It is an admirable example of pure heredity.

Norfolk Street December 19. Joe.
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A NEW LOCALITY FOR METEORIC IRON,
fqWITH A PRELIMINARY NOTICE OF THE
« DISCOVERY OF DIAMONDS IN THE IRON}
TTISTORICAL Sketch of the Discovery.

—In the latter
-I- J-

part of March 1891 the mining firm of N. B. Booth
and Co., of Albuquerque, New Mexico, received a letter

mined by a Colorado assayer, who reported "76-8 per
cent, of iron, vZ per cent, lead, \ ounce silver, and a trace
of gold. From its appearance we should take it to be a
furnace product."

^

This result was naturally not satisfactory to the mining
firm, and a mass weighing 40 pounds was broken into
several fragments with a trip hammer. One of these was

Fig. I.—General appearance of meteorite.

from 8a prospector in Arizona informing them he had
found a vein of metalhc iron near Canon Diablo, and
sending them at the same time a piece with the request
for an assay. Some time in April this piece was exa-

' Read before the American Association for the Advancement of Science,
by^A. E. Foote, August 20, 1891. From the AmericanJournal of Science
and Arts for November 1891.
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sent to the President of the Santa Fe Railroad, and
another to General Williamson, the Land Commissioner
of the Atlantic and Pacific Railroad Company, in Chicago.

' This assay was of such a remarkable character that I took the trouble to

stop at the city where it was made, and ask how such extraordinary results
were obtained. I was informed that the lead, silver, and gold were probably
the results of the materials used in making the assay.
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General Williamson consulted me as to the probable
value of the so-called mine of "

pure metallic iron,"

stating, on the authority of the prospector, that the vein

had been traced for a distance of about two miles, that it

was 40 yards wide in places, finally disappearing into a

mountain, and that a car-load could be taken from the

surface and shipped with but little trouble.

A glance at the peculiar pitted appearance ofthe surface,
and the remarkable crystalline structure of the fractured

portion, convinced me that the fragment was part of a
meteoric mass, and that the stories of the immense
quantity were such as usually accompany the discovery
of so-called native iron mines, or even meteoric stones.

As soon as possible, in June, I made a visit to the locality,
and found that the quantity had, as usual, been greatly

exaggerated.
There were some remarkable mineralogical and geo-

"

bottom seemed to be from 50 to 100 feet (i5"24to 30'4&
metres) below the surrounding plain. The rocks
which form the rim of the so-called "

crater " are sand-

stones and limestones, and are uplifted on all sides at an
almost uniform angle of from 35^ to 40°. A careful

search, however, failed to reveal any lava, obsidian or

other volcanic products. I am therefore unable to ex-

plain the cause of this remarkable geological pheno-
menon. I also regret that a severe gallop across the

plain had put my photographic apparatus out of order, so

that the plates I made were of no value.

About two miles (3"22 kilometres) from the point at the

base of the " crater" in a nearly south-easterly direction,
and almost exactly in a line with the longest dimensions
of the area over which the fragments were found, two

large masses were discovered within about 80 feet (24"38

metres) of each other. The area over which the small

Fig. 2.—Showing the polished surfaces.

logical features which, together with the character of the
iron itself, would allow of a good deal of self-deception in

a man who wanted to sell a mine.

Description of Locality.
—

Nearly all of the small frag-
ments were found at a point about ten miles south-east

from Canon Diablo, near the base of a nearly circular

elevation which is known locally as " Crater Mountain."
I beheve this is the same as Sunset Knoll, figured on the

topographical sheets of the U.S. Geological Survey.
This is 185 miles (29772 kilometres) due north from

Tucson, and about 250 miles (402*34 kilometres) west of

Albuquerque.
The elevation, according to the Survey, rises 432 feet

(i3r67 metres) above the plain. Its centre is occupied
by a cavity nearly three-quarters of a mile (r2 kilometres)
in diameter, the sides of which are so steep that animals
that have descended into it have been unable to escape,
and have left their bleached bones at the bottom. The
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masses were scattered was about one-third of a mile (0*53

kilometre) in length, and 120 feet (36*57 metres) in its

widest part. The longer dimension extended north-west
and south-east.

Description of the Specittiens.
—The largest mass dis-

covered weighs 201 pounds (gi'iyi kilos), and, as the

photograph shows (Fig. i), has a somewhat flattened

rectangular shape, showing extraordinarily deep and

large pits, three of which pass entirely through the iron.

The most remarkable example of such perforation is the

Signet Iron from near Tucson, Arizona, now in the

National Museum, and figured in Prof. F. W. Clarke's

Catalogue.

I The Signet Iron was discovered about 30 miles (48*28 kilometres) from
Tucson. Dr. Geo. H. Hoin states that twenty-five years ago he was told

by the Spaniards that plenty of iron ould be found on a range of hills

extending north-west and south-east half-way between Albuquerque and
Tucson.
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I ^One other large mass was found weighing 154 pounds
(69'853 kilos). This is also deeply pitted. A mass weighing
approximately 40 pounds (18144 kilos) was broken in

pieces with a trip hammer, and it was in cutting one of

the fragments of this mass that diamonds were discovered

(Fig. 2).

Besides these masses of considerable size a careful

search made by myself with the assistance of five men
was rewarded by the discovery of 108 smaller masses.

Twenty-three others were also discovered, making a total

of 131 small masses, ranging in weight from -^^ of an
ounce (i79grm.) to 6 pounds 10 ounces (3'oo6 kilos).^ A
brownish-white, slightly botryoidal coating, found on a

number of the meteorites, is probably aragonite.
A thorough examination of many miles of the plain

proved that the car-load of iron existed only in imagina-
tion. Accompanying the pieces found at the base of the

"crater" were oxidized and sulphuretted fragments which
a preliminary examination has shown are undoubtedly
of meteoric origin. About 200 pounds (90718 kilos) of

these were secured, from minute fragments up to 3 pounds
14 ounces (1757 kilos). These fragments are mostly quite

angular in character, and a very few show a greenish
stain, resulting probably from the oxidation of the nickel.

This oxidized material is identical in appearance with an
incrustation which covers some of the iron masses and

partially fills some of the pits.

Composition.
—After obtaining the meteorite I was un-

able to return to Philadelphia for some time, and there-

fore sent a fragment of the 40-pound mass (i8'i44 kilos)
^o Prof. G. A. Koenig for examination. Prof. Koenig was

compelled to leave town before this examination was

completed. I take the following, therefore, from his letters

to me, and from an account furnished the daily Public

Ledger by Dr. E. J. Nolan, Secretary of the Academy of

Sciences, of a preliminary notice made by Prof. Koenig,
June 23, before the Academy of Natural Sciences of

Philadelphia, In this account he says :
—

" In cutting the meteoric iron for study it had been
found of an extraordinary hardness, the section taking a

day and a half, and a number of chisels having been

destroyed in the process. When the mass, which on the

exterior was not distinguished from other pieces of

meteoric iron, was divided, it was found that the cutting

apparatus had fortunately gone through a cavity. In the

attempt to polish the surface, so as to bring out the

characteristic Widmannstattian figures, Dr. Koenig re-

ceived word that the emery wheel in use had been
ruined.

" On examination, he then found that the exposed cavi-

ties contained diamonds which cut through polished
corundum as easily as a knife will cut through gypsum.
The diamonds exposed were small, black, and, of course,
of but little commercial value, but mineralogically they
are of the greatest interest, the presence of such in

meteorites having been unknown until 1887, when two
Russian mineralogists discovered traces of diamond in a
meteoric mixture of olivine and bronzite. Granules of

amorphous carbon were also found in the cavity, and a
small quantity of this treated with acid had revealed

a minute white diamond of one-half a millimetre, or

about 1/50 of an inch in diameter. In manipulation,
unfortunately, this specimen was lost, but others will

doubtless be obtained in the course of investigation.
The minerals troilite and daubreelite were also found in

the cavities. The proportion of nickel in the general
mass is 3 per cent., and the speaker was not as yet able

to account for the extraordinary hardness apart from the

presence of the diamonds in the cavities."

' October i8.—During September I received three additional large masses

weighing respectively 632, 506, and 145 pounds (or 2.%(>^6^'&, 229'si6 and
65"77i itilos). The two latter were each perforated with three holes. A
number of smaller masses up to 7 pounds (3'i75 kilos) were discovered by
digging. The three large masses and one of 13 pounds (io"432 kilos) were
covered with grass and earth.—A. E. F.

Prof. Koenig in a letter to me gives the following
points as definitely known :

—
"

(i) Diamonds., black and white, established by hard-
ness and indifference to chemical agents. (2) Carbon in

the form of a pulverulent iron carbide occurring in the
same cavity with the diamonds. The precise nature of
this carbide, whether containing hydrogen and nitrogen,
is not ascertained, except in so far that after extracting
all iron by nitro-hydrochloric acid the black residue goes
into solution with deep brown colour upon treating it

with potassium or sodium hydrate. From this solution

acids do not precipitate anything. (3) Sulphur is not
contained in the tough malleable portion of the meteorite,
but in the pulverulent portion. (4) Phosphorus is con-
tained in the latter, and not in the former. (5) Nickel
and Cobalt in the proportion of 2 : i are contained in

both parts nearly equally. (7) Silicoft is only present
in the pulverulent portion. (8) The Widmannstattian

figures are not regular. (9) The iron is associated with
a black hydroxide containing Fe, Ni, Co, P, in the ratio

of the metallic part, and therefore presumably derived

by a process of oxidation and hydration of the latter."

Conclusions.—As this meteoric iron contains only 3 per
cent, of nickel, while that from the Santa Catarina Mount-

ains, 30 miles (48"28 kilometres) south-east of Tucson
and 215 miles (346 kilometres) from this locality, contains

from 8 to 9 per cent., according to the analysis of Brush
and Smith, they are quite distinct, although somewhat
alike in external appearance. They also somewhat re-

semble the Glorietta meteoric irons from about 300 miles

(482 8 kilometres) to the east-north-east, in New Mexico.
These contain 11 15 per cent, of nickel.

The most interesting feature is the discovery for the

first time of diamonds in meteoric iron.^ This might
have been predicted from the fact that all the constituents

of meteoric iron have been found in meteoric stones, and
vice versa, although in different proportions.
The incrustation of what is probably aragonite shown

by some of the masses has rarely been noticed (I find

two records by J. Lawrence Smith which he states to be

unique, and both of these were from regions south of this

one) The incrustation is especially interesting as show-

ing that the meteoric irons must have been embedded a

long time, as the formation of aragonite would be ex-

ceedingly slow in this dry climate.

The remarkable quantity of oxidized black fragmental
material that was found at those points where the greatest
number of small fragments of meteoric iron were found

would seem to indicate that an extraordinarily large mass
of probably 500 or 600 pounds (226796 or 272'i65 kilos)

had become oxidized while passing through the air, and
was so weakened in its internal structure that it had burst

into pieces not long before reaching the earth.

THE SEVERE GALE OF NOVEMBER 11.

THE storm which traversed England on November
1 1 was one of the most severe of recent years. It

resulted in considerable loss of life and property at sea

on our coasts, and did a large amount of damage on
land.

The weather over England at the commencement of

the month was dry and fine, and the conditions were those

known as anticyclonic, the barometer on November 5

having exceeded 307 inches over a great part of the United

Kingdom. On November 8, the type of weather became

cyclonic, and disturbances were skirting close to our

coasts from off the Atlantic, south-westerly gales being

experienced in the Hebrides and in the west of Ireland ;

' Attention may be called to the discovery by Haidinger (1846) of cubic

crystals of a graphitic carbon in the Arva meteoric iron, and also of some-
what similar crystals from the Youngdegin (West Australia) iron, described

by Fletcher (1887) under the name of cliftonite. Both have been regarded
as pseudomorphs after diamond.
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whilst on the following day unsettled weather spread to

other parts of the United Kingdom, and rain was heavy
and persistent over the south of England.
The daily weather report issued by the Meteorolo-

gical Office at 8 o'clock on the morning of the loth showed
that the winds were westerly and south-westerly over the
whole of the British Islands under the influence of a
storm area situated off the north-west of Scotland, the

readings at our extreme northern stations being 29* i inches ;

but a fresh fall of the barometer was already in progress
at Valentia, and the wind had there backed to south-south-
west. The report added ;

" The new depression which is

approaching our western coasts is at present too far away
to enable us to judge of its size or depth." The telegrams
received by the Meteorological Office at 2 o'clock indicated

jhe approach of a serious disturbance ;
the barometer was

Islands, and gales were blowing in most parts of the

country. The cyclonic circulation of the winds was com-
plete in our islands, the direction being northerly in

Ireland, westerly and south-westerly over the Channel
and the south of England, southerly on our east coasts,
and easterly in Scotland and the northern portion of the

Kingdom. The barometer gradients were very steep in
the English Channel, as well as in the south-western and
south-eastern districts

;
and at Scilly force 1 1 of Beaufort's

notation was reported from the north-west. At many of
the English stations the fall of the barometer since 6
o'clock the previous evening exceeded 0*9 inch, and at
Hurst Castle it amounted to an inch, whilst in several

places in the south and west the rainfall exceeded an
inch in the preceding 24 hours. The gale continued to

rage during the day, and at 2 o'clock in the afternoon the

Diagram to Illustrate the Severe Gale of Wednesday, November ii, 1891.

The barometer is expressed by isobars, the pressure corresponding to each line being given in inches and tenths. The winds are shown by arrows which

are drawn flying with the wind. © = a cahn ;
*> = a light»or moderate wind : > = a fresh or strong breese ; .>-* = a gale.

ailing rapidly at the south-western stations, and the fall

had now extended even to London, and the wind had
backed over the whole Kingdom. The evening reports
indicated a still further advance of the storm area towards
our islands, and the trend of the isobars over the south-

western portion of the Kingdom showed that the centre

of the disturbance was not far distant to the south-west-

ward, whilst moderate south-easterly gales were blowing
at the entrance of the English Channel.
The conditions on the morning of the nth are

pictured in the diagram for 8 o'clock, obtained from

the weekly weather report of the Meteorological Office,

and from this it will be seen that the storm area

was central over Pembrokeshire, the lowest reading

being 28*36 inches at St. Ann's Head, whilst the mercury
was below 29 inches over the entire area of the British
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I

force of the wind at Dungeness was reported as 12 of

! Beaufort's notation, which is the extreme limit of the

\ scale, and is equivalent to a hurricane, the lowest baro-

meter reported to the Meteorological Office at this time

[ being 28-34 inches at Shields. At 6 o'clock on the nth,

I

the central area of the storm had passed to the eastward

!

of our coasts, as shown by the diagram for that hour, the

core or heart of the storm not being far distant from

I
Shields, where the barometer was standing at 28*31

I

inches, which is apparently the lowest reading recorded

I

in the British Islands during the gale. Strong westerly
' and north-westerly gales were still blowing over the

greater part of the United Kingdom, and the succeeding

night was very boisterous, although the gale had every-
where subsided before 8 o'clock on the following

morning.
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The Meteorological Council have very kindly permitted
the use of the Observatory records and other documents
in their possession, which are more in detail than the eye
observations made at the telegraphic reporting stations

which furnish data for the daily weather reports.
The following table shows the hourly velocity of the

wind as obtained from the anemometrical records. All

velocities of 35 miles and upwards are given, and when
so strong a wind is recorded at any Observatory, the

velocity is given at the other Observatories, although less

than 35 miles an hour.

Velocity of the Wind by Anemographs.

Time.
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Cambridge, where he distinguished himself equally in mathe-

matics and in classics. He acted as Chairman of the Royal
Commission on Scientific Instruction and the Advancement of

Science, whose reports might have marked an era in our

national progress if there had been a scientific depart-
ment of the Government to give effect to them. At

Cambridge he did what he could to encourage scientific study

by his splendid gift of the Cavendish Laboratory. The Duke
was the first President of the Iron and Steel Institute ; and the

Owens College, Manchester, owed much to the zeal and

liberality with which, on every suitable occasion, he sought to

promote its interests.

Mr. E. Ray Lankester, Deputy- Professor of Human and

Comparative Anatomy, has been elected to the Linacre Pro-

fessorship of Human and Comparative Anatomy, Oxford,
vacated by the death of Prof. Moseley.

Prof. Marshall Ward has been engaged lately in studying
the strange compound organism called by villagers the "ginger-
beer plant." We print elsewhere an abstract of an interesting

paper in which he submitted his results to the Royal Society last

week.

At the annual meetiiig of the Academy of Medicine of Paris,

on the 15th instant, the Alvarenga Prize, which is given annually
for the best treatise on some medical subject, was awarded to

Dr. Bateman, of Norwich, for his work on aphasia, and to

Dr. Legneu, of Paris, for his .^treatise on renal calculi, these

gentlemen being bracketed together ex aquo. This prize confers

the title of Laureate of the Academy.

The " Committee of Council on Education
"
have sanctioned the

appointment of Mr. George Brebner as first Marshall Scholar in

Biology at the Royal College of Science, London. Mr. Brebner

has passed through both the botanical and zoological advanced

classes of the Biological Division in the Royal College,
and in 1889 obtained the Edward Forbes Medal and Prize

awarded to the best student of the year in biology. Mr. Brebner

has already been engaged in botanical research, and has pub-
lished two original papers on structural subjects, in conjunction
with Dr. D. H. Scott, He has also assisted Dr. E. Schunck,

F.R.S., of Manchester, in his investigations of the chemistry of

chlorophyll, and is about to publish a joint paper with him. Mr.
Brebner's researches as Marshall Scholar will be carried on in

the Huxley Research Laboratory, and will be concerned with

questions relating to the histology of plants.

The Paris Museum of Natural History has been partly re-

organized by a recent decree. The financial mangement is

changed ; and it has been decided that the Professors shall,

as a rule, retire from their Professorships at seventy-five years
of age. To this rule, however, there are to be exceptions.
An exceptional case is that of M. de Quatrefages, who
retains his post, although Profs. Fremy and Daubree will

have to retire. The name of "
aide-naturaliste

"
disappears, and

that of "
assistant

"
takes its place

—a fact which is rather

curious, since
"

assistant," in French, has not the same meaning
as in English, or as the corresponding word has in German.
The assistants are empowered, under some limitations, to

deliver courses of lectures, and their financial position is to be

improved.

The Royal Geographical Society is to be congratulated on

the success of its system for the proper spelling of geographical

names. When its rules on the subject were drawn up, it was

not anticipated that foreign nations would make any change in

the form of orthography used in their maps. As a matter of

fact, however, considerable changes are being effected. In the

circular letter, the principal passages of which we print else-

where, it is noted as a most satisfactory piece of news that

France and Germany have both promulgated systems of ortho-
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graphy for foreign words, which in many details agree with the

English system.

An Italian correspondent of the Lancet writes that on De-

cember 10 the academic world of Rome entertained at a banquet
the Senator Stanislao Cannizzaro, in celebration of the bestowal

on him of the Copley Medal by the Royal Society of London.

The Accademiadei Lincei (the "Royal Society" of Rome), the

Accademia di Medicina, and the Senatus Academicus of the
"
Sapienza

"
were fully represented on the occasion. The Chair-

man was the eminent mathematician and engineer, the Senator

Brioschi, who, in a few felicitously chosen sentences, conveyed
the sense of pride shared by all Italians at the bestowal on their

compatriot of the "blue ribbon" of science. Signer Villari,

Minister of Public Instruction, also spoke. The Senator Todaro,

the Professor of Anatomy in the University, gave the toast of

"The Royal Society of London," which was as cordially re-

ceived as it was eloquently proposed. Prof. Cannizzaro there-

after delivered an effective speech, in which he showed that it

was in the effort to make his prelections clear to successive

generations of students that he had trained himself to reach

those laws, the co-ordination of which had won for him the

recognition of the greatest court of scientific arbitration in the

world.

According to a despatch from Philadelphia, published in the

New York Sun, it has been decided that an Expedition shall

be sent to Greenland for the relief of Lieutenant Peary and

his party. Dr. Keeley, who accompanied Lieutenant Peary on

his exploring expedition, but afterwards returned, has said that,

unless such an Expedition, fully equipped for an Arctic season,

were sent to his assistance. Lieutenant Peary and his companions
would never reach the bounds of civilization.

Mr. Richard Boxall Grantham, who died lately in his

eighty-sixth year, was one of the engineers who helped Brunei

in the construction of the Great Western Railway. He made

the branch line from Gloucester to Cheltenham. He was an

authority on sanitary matters, and in 1869 became Chairman of

the Committee appointed by the British Association to inquire

into the treatment and utilization of sewage. In 1876 he suc-

cessfully completed the reclamation of Brading Harbour, in the

Isle of Wight. This had been attempted by Sir Hugh Middle-

ton 250 years previously, but his work had afterwards been

destroyed by the sea.

Dutch newspapers announce the temporary nomination of

Mr. E. Engelenburg, meteorologist at the Royal Meteoro-

logical Institution at Utrecht, as Director of the Observa-

tions on land. This directorship had become vacant by the

appointment of Dr. M. Snellen to the position of Chief Director

of the same Institution, which had been held by the late Prof.

Buys Ballot. Mr. Engelenburg accompanied Dr. E. van

Ryckevorsel to Brazil, acted as his assistant during the magnetic

survey of that country, 1 88 2-85, and prepared a part of the

report on this survey published in 1890 by the Royal Academy
of Sciences at Amsterdam. In 1887 he was attached by Prof.

Buys Ballot to the Meteorological Institution, and has since

been responsible for the yearly report on the thunderstorms

observed in the Netherlands, formerly prepared by Dr. Snellen.

He has also investigated the quantities of rain in different

parts of the Netherlands and in the different months of the

year. His results on this subject have lately been published

in the Memoirs of the Royal Academy of Sciences at Amster-

dam ; the accompanying rain-maps give a clear idea of the

dependence of the rainfall on the distance from the sea-

shore. He has repeatedly directed his attention to the tides

at the coast of the Netherlands
; to the variation of the

velocity of the tidal currents in the Dutch *'
zeegaten," i.e.

the entrances to the Dutch roads or harbours {de Ingenieur,
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Nos. S, 9, and 38, of the year 1889); and to the influence

of the wind and atmospheric pressure on the height of the

sea-surface {de Ingenieur, 1891, No. 39).

The Annual Meteorological Report for Japan for 1889, re-

cently received in this country, shows that considerable attention

is given to the subject of meteorology, and contains the results

of the hourly observations or continuous records for Tokio,

together with observations taken simultaneously at the top and

base of Mount Fuji, the highest mountain in Japan. The

observations on the mountain were made at a height of about

12,250 feet, during 38 days from August I to September 7, 1889.

Twice during this period the anemometer was broken by the

force of the storms. The position of this station—an extinct

volcano, near the Pacific—renders it very important for the in-

vestigation of the meteorology of high regions. On this account

it has several times been used for that purpose, but the observa-

tions have previously all been confined to a few consecutive days.

On December 18, at 7.30 a.m., a violent earthquake shock

was felt at Corleone, an inland town in the province of Palermo,

Sicily. The first shock was followed by a pronounced undulatory

movement in the direction of north to south.

Mr. G. a. Nussbaum, agent in London for the Societe

Generale des Telephones, Paris, informs us that he has lately

made a complete telephone installation at the Adelphi Hotel,

Liverpool. The installation comprises three floors, and on each

floor a switch board for seventy directions is fitted, the total

number of stations being 2lo. Visitors are thus enabled to

communicate with one another, but it seems somewhat doubtful

whether they will all be quite pleased to find this sort of thing

in their bedrooms.

An interesting paper on electricity in relation to mining, by
Mr. Ernest Scott, was read before the Institution of Engineers
and Shipbuilders in Scotland on November 24, and is now

printed in the Institution's Transactions. About fifty mines

in the United Kingdom are already supplied with electricity,

and the new methods are not unlikely, he thinks, to effect
" a

small revolution in the mining industry." Mines which have

been commercially unworkable owing to their depth, or the

great distance of the working face from the pit-head, may now
be turned into profitable undertakings. Mr. Scott notes that

electric power can claim the following advantages over steam,

hydraulic, and compressed air: (i) greater efficiency, and

therefore reduced first cost and expenses in working, than other

mediums of power transmission over considerable distances—
say above half a mile ; (2) the greater ease with which the com-

paratively small copper conductors can be manipulated and kept
in order as compared with piping, especially where there are

falling roofs or shifting floors
; (3) the facility with which

machines which require to be moved occasionally
—

e.g. coal-

cutters, pumps, &c.—can be advanced along the roadways as the

work proceeds, or taken about on bogey carriages from one

part of the workings to another.

At the meeting of the Society of Arts on December 16,

.General Pitt-Rivers delivered a capital lecture on typological

museums, as exemplified by the Pitt-Rivers Museum at Oxford,

and his provincial museum at Farnham, Dorset. The lecture

is printed in the current number of the Society's Journal. By
"typological museums," General Pitt-Rivers means museums
in which objects are arranged in a way that brings out the

sequence of types. Museums of this kind are, he thinks, best

suited for educational purposes ; and he urged strongly that

many of them should be established. The museum he has

formed at Farnham has been greatly appreciated ;
and he

believes that in some respects it is even better than the in-

stitution which bears his name at Oxford, because such series

NO. II 56, VOL. 45]

as it contains are more fully represented. Among the speakers
after the delivery of the lecture, was Dr. E. B. Tylor, who gave
a striking instance of the value of the principle on which the

objects in the Pitt-Rivers Museum are arranged. It often

happened, he said, that a series might be made purely theoreti-

cal, by putting in their order a number of specimens which re-

ferred to one another more or less distinctly, thus showing
where the curve of development had probably passed ;

but yet

important links were often wanting, and the visitor went away
possessed with the desire to find those links and present them to

the Museum. Only a few weeks ago they thus acquired a much-
desired link in the history of stringed instruments. The late

Mr. Carl Engel suggested that the strung bow must have been

the origin of the whole series of stringed instruments, whether

pianoforte, violin, or guitar. This view was proved to be

correct when the instruments were arranged in a series, begin-

ning with a strung bow. The difficulty, however, was to get

the starting-point
—an authentic bow capable of being used both

for hunting and twanging. One people who were described as

using the bow for this double purpose were the Damaras ; it

was said that the hunter shot game with his bow during the

day, and when he came home sat by the fire and amused him-

self by twanging the string. Three or four weeks ago Miss

Lloyd, who had spent some time in South Africa, sent them

one of these bows, and it now stood at the head of the series of

stringed instruments.

The Indian Bureau of the U.S. Government propose to^

have at the Chicago Exposition an interesting exhibit, which

will perhaps occupy two acres. ^Representatives of all the

leading Indian tribes, especially those of a distinctive type,

will be shown, together with their habitations, industries, &c.

The Navajos will display their skill in blanket-weaving ; the

Zuiiis, who will live in a "hogan," as they call their dwellings,

will make pottery ; the Piutes are to make water-bottles ot

rushes. There will be a great collection of relics, weapons,
and utensils ; and it is intended that competent teachers shall

carry on their work in a model Indian school. Visitors will

have ample opportunities of comparing the aborigines in their

wild state with the civilized or semi-civilized Indians of to-day.

According to official returns, lately reviewed by the Adelaide

Observer, the area of land devoted in South Australia to gardens
and orchards has advanced since 1885 from 10,775 acres to 15,362

acres, representing an increase of 50 per cent.
,
this area apparently

including that devoted to viticulture. The statistics show that

the orange, almond, walnut, chestnut, and olive are largely

cultivated. The number of almond trees is given as 134,038,
or 27,768 more than last year; olive trees, 59,118, or 11,694
more

;
and orange trees, 56,341, the latter producing 44,762

cases of fruit, or 3040 more. The increase in the manufacture of

olive oil is even more marked. The quantity made is returned at

6838 gallons, as against i486 in the previous year. Almond
trees are stated to have produced 33 11 cwt, of nuts, being an.

increase of 1468 cwt. In 1890 walnut trees numbered 7644,

and chestnut trees 1128. The climate and flora of South

Australia are also well adapted to the needs of the bee-keeper.

According to the rough estimates of the bee-owners, 25,383.

hives in the colony last year produced nearly 500 tons of honey,
of which 80,793 pounds were exported.

Towards the end of last March the citizens of Sydney were

astonished by the sudden discoloration of the water in Port

Jackson. In the harbour the water presented in many places

the appearance of blood. This remarkable phenomenon, which

was soon found to be due to the presence of a minute organism,
has been made the subject of a paper, by Mr. Thomas White-

legge, in the Records of the Australian Museum (vol. i. No. 9).

On March 31, Mr. Whitelegge went to Dawe's Point, and got a
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bottle of water, in which there was a good supply of the organ-
ism in question. At first he thought it was a species of the genus
Peridiniidae ; but further research convinced him that it was a

new species of the closely allied genus, Glenodinium. So far

as Mr. Whitelegge is able to judge, fully one-half of the shore
fauna must have been destroyed by these small invaders. The
bivalves were almost exterminated in those localities where the

organism was abundant during the whole of the visitation. Mr.

Whitelegge is of opinion that the great destruction of life

brought about by an organism apparently so insignificant is

of the highest interest from a biological point of view, showing,
as it does, how limited is our knowledge of the causes which
influence marine food-supplies. This, he points out, is par-

ticularly the case in regard to the oyster, which has often mys-
teriously disappeared from localities where it formerly abounded.

The U. S. Department of Agriculture has published the fifth

number of a series of papers on the North American fauna.

The number contains the results of a "biological reconnois-

sance
"
of a part of Idaho, which Dr. C. Hart Merriam con-

ducted during August, September, and October 1890 ; and also

descriptions of a new genus and several new species of North
American mammals. The new genus (Microdipodops) is a kind

of dwarf kangaroo rat from Nevada. Dr. Merriam speaks of

this as one of the most remarkable of the many new and inter-

esting mammals discovered in North America during the past
few years. Six specimens were collected in Nevada by Mr,

Bailey in October and November 1890.

It is most important that members of the medical and
scholastic professions, and the public generally, should have
sound ideas on the best means for guarding great educational

establishments from the outbreak and spread of preventive in-

fectious and contagious disease. We are glad to note, therefore,

that the code of rules on the subject, drawn up by the Medical
Officers of Schools Association, has been so much in demand
that it has been necessary for Messrs. J. and A. Churchill, the

publishers, to issue a third edition. An important note to an

appendix in which disinfection is dealt with has been added in

this edition. The measures indicated in the appendix have
hitherto been regarded as at least serviceable for the attainment

of disinfection. Recent experiments, however, seem to show
that none of them can be relied upon as absolutely effectual in

certain cases.

At the meeting of the Field Naturalists' Club of Victoria, on
October 12, Mr. J. P. Eckert read a paper on "some peculiar

changes in the colour of the flower of Swainsonia procum/iens.''
When the flower opens, the corolla is lilac, and the first change
is noticed in the longitudinal venules of the largest petals, which
soon after assume a deep crimson. Then, at two differerj

points of the petals a dark blue is noticed, which gradually
extends over the whole surface, the peripheral portion being a

little paler in colour. In the central portion the colour varies

through all the shades of blue till finally it assumes a rosy tint.

Frequently the petals will assume their original colour for some

days, and afterwards go through all the gradations of colour

once more. Mr, Eckert assigns the phenomena to a meteoro-

logical cause, and claims that his theory is supported by experi-
ments with the electric current.

The New York Engineering News says that prehistoric

irrigation canals in Arizona are "
really worthy of more notice

than is usually given them. The Salt and Gila River valleys are

intersected by a vast network of these canals, which antedate,
at least, the arrival of Coronado in 1552, for he mentions these

ruins and the traditions of the Indians regarding a once dense

population in this region. Modern engineers cannot improve

upon the lines of these canals, nor in the selection of points of
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diversion from the rivers. The first irrigation canal in this

section, the one that has made Phoenix, with its present popula-
tion of 20,000, simply followed the lines of one of these old

canals. Their extent may be appreciated when it is said that in

the Salt River valley alone the land covered by these canals once

aggregated over 250,000 acres, and the canals themselves, with

their laterals, must have exceeded 1000 miles in length. This

country is filled with prehistoric ruins, with walls of stone or

adobe, and almost every acre contains fragments of pottery,
steel ornaments, stone implements, and other remains of a

population which can only be estimated in its aggregate,"

The fifth part of "Bibliotheca Mathematica," edited by G,

Enestrom'(Stockholm), is devoted to a bibliography of the history

of the mathematical sciences in the Netherlands, by D. Bierens

de Haan, of Leyden, By the conditions of the publication the

writer is restricted
" aux ecrits se rapportant exclusivement ou

au moins essentiellement a I'histoire des mathematiques pures.''

In ten octavo pages the list ranges from 1667 to the present time,

and contains sixty entries, the compiler being credited with

thirteen of them. There is also a long list of eloges on Dutch
mathematicians.

We have received from Mr. Elliot Stock the second volume
of The Field Cliih. It is a magazine of general natural

history, and cannot fail to give pleasure to readers who are

interested in the results of scientific observation. The editor

is the Rev. Theodore Wood.

The new number of the Economic jfournal (vol. i. No. 4)

deals with various questions which are of great scientific interest

as well as of urgent public importance. It opens with an intro-

ductory lecture on political economy, by Prof. F. Y. Edge-
worth, the editor. Then come papers on the alleged differ-

ences in the wages of men and women, by Sidney Webb ; the

coal question, by Forster Brown ; the new theory of interest,

by W. Smart ; the evolution of the Socialist programme in

Germany, by Prof. G. Adler ; labour troubles in New Zealand,

by W. T. Charlewood ; and an attempt to estimate the circula-

tion of the rupee, by F. C. Harrison.

The January number of Mind, the first of the new series,

will contain articles by Mr. W. E. Johnson on "Symbolic
Logic," by Mr. Alexander on the "Idea of Value," by Mr.

McTaggart on the "
Change of Method in Hegel's Dialectic,"

and by Prof Lloyd Morgan on the
" Law of Psychogenesis."

The arrangements for science lectures at the Royal Victoria

Hall during January are as follows :—January 12, Sir Herbert

C, Perrott (Chief Secretary of the St. John's Ambulance

Association),
"

First Aid to the Injured : its object, origin, and

development
"

(this lecture will be followed by an ambulance
class in the Morley Memorial College) ; 19, Mr, Locke Worth-

ington, "Egypt 3000 years ago." On the 26th, Prof, Reinold

will deliver a lecture.

Two new methods of preparing free solid hydroxylamine,

NHjOH, are described by M. Crismer in the current number of

the Bulletin de la Societi Chimique. It will be remembered
that this important substance was isolated a few weeks ago by
M. Lobry de Bruyn ;

an account of the manner in which it was

obtained, together with a description of the dangerous properties
of the free base, was given in Nature (p. 20). M. Crismer

now publishes two very simple methods of isolating anhydrous

hydroxylamine, by the use of a compound of hydroxylamine
and zinc chloride, previously described by him (comp. Nature,
vol. xli. p. 401). This interesting compound is a crystalline

substance, of the composition ZnCl^ . 2NH2OH, readily pre-

pared in large quantity by dissolving the hydrochloride o
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hydroxylamine, NHgOH . HCI, in alcohol, in a flask provided
with an inverted condenser, adding the requisite quantity of

zinc oxide, and boiling the liquid until it is quite clear. Upon
cooling, crystals of the compound are deposited. These crystals

are very permanent in their behaviour towards solvents ; they

resist organic solvents completely, and are only slightly attacked

by water. They are rendered much more unstable by rise of

temperature, and explode most violently when an attempt is

made to fuse them. If, however, they are carefully warmed up
to 120° in a flask connected with a series of U -tubes, they dis-

sociate regularly, a gas being rapidly evolved, which condenses

to a liquid, mainly in the first U-tube. This liquid is very rich

in hydroxylamine, but owing to the dehydrating action of the

zinc chloride, contains small quantities of decomposition pro-

ducts. This destructive action of the zinc chloride may be

altogether avoided, however, if another base capable of replacing

the hydroxylamine in the compound is present during the dis-

tillation. The base which M. Crismer finds most effective is

aniline. About ten grams of the zinc salt are added to twenty
cubic centimetres of freshly distilled aniline, and the mixture is

submitted to distillation under reduced pressure. Under these

circumstances a liquid of very high refractive power distils over.

In a few minutes this liquid commences to crystallize in large

colourless lamellae, and upon surrounding the receiver with ice-

cold water the whole completely crystallizes. These crystals,

when washed with a little ether to remove a trace of aniline

which is mechanically carried over, are found to correspond to

the formula NHjOH. They are identical in all respects with

those described by M. Lobry de Bruyn. They dissolve in all

proportions in water, and the solution possesses the ordinary

properties of aqueous hydroxylamine. The crystals are very

deliquescent, attracting moisture with the utmost avidity. They
melt at the temperature of the hand. The compound of zinc

chloride and aniline, which remains in the distillation flask, may
be obtained from solution in boiling alcohol in minute snow-

white crystals.

The second method by which anhydrous hydroxylamine may
be prepared consists in passing dry ammonia gas into an emulsion

of the zinc compound ZnClg . 2NH2OH in absolute ether. As
soon as the first bubbles of ammonia enter the flask an energetic

reaction occurs, the zinc salt swells up rapidly, and eventually
•the whole of the hydroxylamine is liberated, and is dissolved by
the ether. The clear ethereal solution is subsequently decanted,

and the ether removed by distillation in vacuo, when white

crystals of hydroxylamine remain in the vessel in which the dis-

tillation is carried out. The only precaution necessary in

adopting this mode of preparation is to employ a tolerably large

proportion of ether, as hydroxylamine does not dissolve in that

liquid to a very large extent. M. Crismer finds it most con-

venient to perform the experiment in an apparatus so constructed

that the extraction by ether of the product of the action of

ammonia is continuous.

The additions to the Zoological Society's Gardens during the

past week include three Rhesus Monkeys {Macacus rhesus (J <J ? )

from India, presented respectively by Dr. Hewetson, Mr. H.

Godfrey, and Mr. W. A. Morgan ; a Puma {Felis concolor)

from Sante Fe, Argentine Republic, presented by Mr. Thos.

Bowers ; a Musanga Paradoxure {Paradoxurus musanga) from

the Indian Archipelago, presented by Mr. J. Watson
;
a Grey

Ichneumon {Herpestes grisetis) from India, presented by Mr.

"W. Needham
;

an Azara's Agouti {Dasyprocta azara:) from

British Guiana, presented by Mr, R. Scott- Brass; a Northern

Mocking Bird (Mimus polyglottus) from North America, pre-
sented by Major N. Gosselin

; two Brown Hyaenas {Hyana
brunnea <J ?) from South Africa, a Two-toed Sloth {Cholopus

didactylus) from Demerara, purchased.
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OUR ASTRONOMICAL COLUMN.
Capture of Comets by Planets.—During the last two

or three years several astronomers have studied the action of

planets in changing the orbits of comets which pass near them,
and a considerable amount of interest has been aroused in this

problem. Prof. H. A. Newton, in the A?nerican Journal of
Science for September and December, establishes a number of

propositions relative to the perturbations by planets which lead
to the annexation of comets. Some of the results obtained may
be expressed as follows :

—
(i) If a comet passes in front of

Jupiter, the kinetic energy of the comet is diminished
;

if it

passes behind the planet, the kinetic energy of the comet is in-

creased. (2) The greatest effect of perturbation of a planet
moving in a circular orbit in shortening the periodic time of a
comet originally moving in a parabola is obtained if the comet's

original orbit actually intersects the planet's orbit at an angle of

45°, and if the comet is due first at the point of intersection, at

the instant when the planet's distance therefrom is equal to the

planet's distance from the sun multiplied by the ratio of the
mass of the planet to the mass of the sun. (3) If in a given
period of time 1,000,000,000 comets come in parabolic orbits

nearer to the sun than Jupiter, 126 of them will have their orbits

changed into ellipses with periodic times less than one-half that

of Jupiter ; 839 of them will have their orbits changed into

ellipses with periodic times less than that of Jupiter ; 1701 of

them will have their orbits changed into ellipses with periodic
times less than one and a half times that of Jupiter ;

and 2670
of them will have their orbits changed into ellipses with periodic
times less than twice that of Jupiter. (4) Of the 839 comets
which are reduced to have periodic times less than Jupiter's

period, 203 will, after perturbation, have retrograde motions,
and 639 will have direct motions. (5) Somewhat more than five

times as many of these comets move in direct orbits inclined less

than 30° to Jupiter's orbit as move in retrograde orbits inclined

less than 30° to Jupiter's orbit. It may therefore be said that

comets which are changed by the perturbing action of a planet
from parabolic orbits of every possible inclination to the ecliptic
into short period ellipses must, as a rule, move in orbits of

moderate inclination, and with direct motions.

Law of Limiting Apertures.—The results of some in-

teresting photometric experiments connected with the applica-
tion of the law of limiting apertures to small object-glasses are

given by Dr. E. J. Spitta in Monthly Notices R.A.S., Novem-
ber 1891, The apertures of six object-glasses were reduced to

one-half and one-quarter respectively, and the intensity of a

point at the focus of each was then photometrically tested. The
numbers obtained were in neither case proportional to the

square of the linear aperture of the object-glass, and they
indicated that the outer zones do not contribute as much to the

intensity of the image at the focus as they should do theo-

retically. Some photometric observations by Dr. Miiller, of

Potsdam, also show that the brilliancy of the focal image is only
very slightly affected by blotting out the outer parts of his object-

glass ; the observed and computed intensities being very dis-

cordant until the diameter had been diminished to about one-

half Dr. Spitta believes that the cause of the difference lies in

the aplanatisation of the glasses used.

CONNAISSANCE DES Temps for 1893, and the extract from
the one for 1892, containing information useful for mariners,
have just been received from the Bureau des Longitudes. The
arrangement appears to be the same as usual, and no comment
as to its excellence is needed.

ORTHOGRAPHY OF GEOGRAPHICAL NAMES.
HTHE Council of the Royal Geographical Society have just
-*- issued a circular letter, signed by Sir M. E. Grant Duff",

the President of the Society, on this important subject. The
following are its principal passages :

—
In 1885 the Council, impressed with the necessity of endeavour-

ing to reduce the confusion existing in British maps with regard
to the spelling of geographical names, in consequence of the

variety of systems of orthography used by travellers and others

to represent the sound of native place-names in different parts
of the world, formally adopted the general principle which had
been long used by many, and the recognition of which had been

steadily gaining ground, viz. that in writing geographical native
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names vowels should have their Italian significance, and
consonants that which they have in the English language.

This broad principle required elucidation in its details, and a

system based upon it was consequently drawn up v\ ith the
intention of representing the principal syllabic sounds. The
object aimed at was to provide a system which should be

simple enough for any educated person to master with the
minimum of trouble, and which at the same time would afford

an approximation to the sound of a place-name such as a native

might recognize. No attempt was made to represent the
numberless delicate inflexions of sound and tone which belong
to every lans;uage, often to different dialects of the same

language. For it was felt not only that such a task would be

impossible, but that an attempt to provide for such niceties

would defeat the object.
The adoption by others of the system thus settled has

been more general than the Council ventured to hope.
The charts and maps issued by the Admiralty and War Office

have been, since 1885, compiled and extensively revised in

accordance with it. The Foreign and Colonial Offices have

accepted it, and the latter has communicated with the colonies,

requesting them to carry it out in respect to names of native

origin. Even more important, however, than these adhesions is

the recent acUon of the Government of the United States of

America, which, after an exhaustive inquiry, has adopted a

system in close conformity with that of the Royal Geographical
Society, and has directed that the spelling of all names in their

vast territories should, in cases where the orthography is at

present doubtful, be settled authoritatively by a committee ap-

pointed for the purpose. The two great English-speaking nations

are thus working in harmony.
The Council, by printing the rules in

" Hints to Travellers," and

by other means, have endeavoured to insure that all travellers

connected with the Society should be made aware of them ; but
as it is possible that some bodies and persons interested in the

question may still be in ignorance of their existence and general

acceptance, they feel thai the time has come to again publish
them as widely as possible, and to take every means in their

power to aid the progress of the reform.

To this end, and with a view to slill closer uniformity in

geographical nomenclature in revisions of editions of published
maps, a gigantic task requiring many years to carry out, the

Council have decided to take steps to commence tentatively
indexes of a few regions, in which the place-names will be
recorded in the accepted form.

Rules.

The rules referred to are as follows :
—

1. No change is made in the orthography of foreign names in

countries which use Roman letters : thus Spanish, Portuguese,
Dutch, &c., names will be spelt as by the respective nations.

2. Neither is change made in the spelling of such names in

languages which are not written in Roman character as have
become by long usage familiar to English readers : thus Calcutta,

Cutch, Celebes, Mecca, &c., will be retained in their present
form.

3. The true sound of the word as locally pronounced will be
taken as the basis of the spelling.

4. An approximation, however, to the sound is alone aimed
at. A system which would attempt to represent the more
delicate inflexions of sound and accent would be so complicated
as only fo defeat itself. Those who desire a more accurate

pronunciation of the written name must learn it on the spot by
a study of local accent and peculiarities.

5. T/ie broadfeatures of the system are :
—

(a) That vowels are pronounced as in Italian and consonants

as in English.
{b) Every letter is pronounced, and no redundant letters are

introduced. When two vowels come together, each one is

sounded, though the result, when spoken quickly, is sometimes

scarcely to be distinguished from a single sound, as in ai,

au, ei.

\c) One accent only is used, the acute, to denote the syllable
on which stress is laid. This is very important, as the sounds
of many names are entirely altered by the misplacement of this

"stress."

6. Indian names are accepted as spelt in Hunter's
" Gazetteer

of India," 1881.

The following amplification of these rules explains their

application :
—

sh

zh

Pronunciation and remarks. Examples.

ah, a as xafathci

eh, a as mfate

English e \ z' as in ravine ; the sound of ee in

ieet Thus, not Feejee, but
o as in jnote

long ic as vciflute ; the sound of 00 in boot. 00
or oil should never be employed for this

sound ... ... Thus, not Zooloo, but

All vowels are shortened in soundly doubling
thefolloi(.iing consonant

Doubling of a vowel is only necessary where
there is a distinct repetition of the single
sound

English z" as iQ zVtf

ow as in how ... Thus, not Foochoiv, but
is slightly different from above ...

as in la7v.

is the sound of the two Italian vowels, but is

frequently slurred over, when it is scarcely
to be distinguished from ey in the English

English b.

is always soft, but is so nearly the sound of s

that it should be seldom used ...

If Celdbcs were not already recognized it would
be written SeUbes.

is always soft as in chtnxh

English d.

English f. ^h should not be used for the

sound ofy Thus, not Haiphong, but

is always hard. (Soft g is given hyj)
is always pronounced when inserted.

as in what ; better rendered by hiv than wh,
or h followed by a vowel, thus, Hwang ho,
not Whang ho,<yc Hoang ho

English/. Dj should never be put for this

sound
English k. It should always be put for the

hard c Thus, not Corea, but
The Oriental guttural _

... •••

is another guttural, as in the Turkish

As in English.

has two separate sounds, the one hard as in the

English word finger, the other as m singer.
As these two sounds are rarely employed in

the same locality, no attempt is made to dis-

tinguish between them.
As in English.
h.% \n loophole
stands both for its sound in thing, and as in

this. The former is most common.
should never be employed ; qii (in quiver) is

given as kiv ... ... ... .••
•;

When qu has the sound of k as in qnoit, it

should be given by k.

As in English.

is always a consonant, as vayard, and there-

fore should never be used as a terminal, i or

e being substituted as the sound may require.

Thus, not Mikinddny, but
not Kwaly, but

English s

The French/, or as s in treasure

Accents should not generally be used, but

where there is a very decided emphatic syl-

lable or stress, which affects the sound of

the word, it should be marked by an aciUe

accent

Java, Banana, So-
mali, Bari.

Tel-el Kebir, Ol^leh,
Yezo, Medina, Le-

viika, Peru.

Fiji, Hindi.

Tokyo.

Zulu, Sumatra.

Yarra, Tanna, Mec-
ca, Jidda, Bonny.'

Nuuli'ia, Oosima.
Shanghai.
Fuchau.
Macao.

Beirut, Beilul.

Celebes.

Chingchin.

Haifong, Nafa.

Galapagos.

Hwang ho, Ngan
hwi.

Japan, Jinchuen.

Korea.
Khan.
Dagh, Ghazi.

Chemulpho,Mokpho

Bethlehem.

Kwangtung.

Sawakin.

Kikiiyu.

Mikindani.
Kwale.
Zulu.
Muz'idaha.

Tongatabu, Gald-

pagos, Palawan,
Sarawak.

' The >» is retained as a terminal in this word under Rule 2 above. The
word is given as a familiar example of the alteration in sound caused by the

second consonant.
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THE ECLIPSE OF JANUARY i, 1889.1

T~\URING the year 1889 two total eclipses occurred, one
*-^ on January i, and the other on December 21. The
present report refers to the former, and contains a detailed ac-

count of all the work that was undertaken by those who formed

hamlet called Norman, on the north branch of the Southern

Pacific Railway, about 130 miles from San Francisco. Situated

south was Mount Shasta, and so nearly was it in the meridian

that, as Prof. Pritchett says, "its snow-capped cone was used

for instrumental adjustment without appreciable error."

The equipment as regards instruments included an equatorial

Fig. I.—Prof. Engler's sketch of corona, 1889.

the party from the Washington University Observatory. Owing
to the proximity of this Observatory to the path of totality, the

chance of observing the eclipse was made the most of, but was

only made possible, as Prof. Pritchett says,
"
by the kindness of

Government officials and others in lending instruments, and by
the liberality of friends of the University in subscribing money
for the necessary expenses."

camera, with one of Dallmeyer's patent portrait and group lenses,

size No. 8.D., having a clear aperture of 6'o inches, and an

equivalent focal length of 37*9 inches. Owing to the difficulty

of keeping the tube light-tight, to prevent the fogging of the

plates, an automatic shutter had to be used, the largest obtain-

able cutting the aperture down to 4 "5 inches. Two telescopes
were also employed—one being a 4-inch Clark's refractor

Fig. 2.—Composite photograph of corona, 1889.

The party consisted of Profs. H. S. Pritchett, Director of the

Observatory, F, E. Nipher, and E. A. Engler, together with
Prof. C. M. Charroppin, of the St. Louis University Observatory,
and Prof. Senor Valle, of the National Observatory of Mexico.
The spot fixed upon for observing the eclipse was a small

'

Report of the Washington University Eclipse Party,
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Fl3. 3.
—

Lockyer's sketch ot corona, 1878.

equatorially mounted, with magnifying powers from 50 to 400 ;

the other a French instrument with an aperture of 3 inches, and
an altitude and azimuth mounting.

Although the first contact was lost through the formation of a

heavy bank of clouds, the sky near the sun soon afterwards

became clear, and "the seeing was excellent and the image of

the sun was sharp and distinct." In all the six negatives
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obtained the definition was found to be very good, but on
account of the difference in the lengths of the exposures given to
the several plates, some of them proved to be rather thin. The
task of developin'^ them was imposed upon Prof. Charroppin,
who gives a brief, interesting account of the process of their

development. The observations of the times of contact and the

study of the corona were undertaken by Prof. Engler, with the
aid of the French instrument. Although only two contacts were
recorded (the second and the fourth), he made no attempt at the
third, owing to the short space of time at his disposal for observ-

ing and sketching the corona. The drawing which he made is

produced (together with the other photographs) in this report,
and tallies, when compared with them, in nearly all respects,
with the exception of the two equatorial streamers on the west
side, that appear to extend further westward than those recorded
in the photographs.

It is interesting to note in the illustrations the great similarity
between the corona observed in this eclipse and that of the

year 1878, in which year the sun-spot disturbances were at the
minimum. Figs, i and 2 represent the corona of the year 1889,
the former being a drawing by Prof. Engler, the same as the
one previously mentioned, while the latter is the integrated
result of the examination of all the photographic plates, and
"does not represent the corona as seen by the eye, nor as
shown on any one of the negatives, but is a combination of all

that could be found in the negatives."
The next illustration (Fig. 3) is a sketch of the corona made

by Mr. Lockyer during the eclipse of 1878 (Nature, vol.

xviii, p. 457), and when compared with the above figures fully
bears out the idea that at the several periods throughout a sun-

spot cycle there corresponds in the corona a like period, which is

apparent to us only in the changes of form undergone by the

equatorial and polar streamers, and this only at the time of

eclipses.
The following brief extracts, which we give in the observers'

own words, will show how the descriptions of the appearance
of the corona resembled one another in all the main points.
With regard to the structure at the north and south poles, Mr.
Lockyer says (Nature, vol. xviii. p. 457) :

—
"

I had a magnificent view of the corona with a power
of 50 on my 3f-inch Cooke, and saw exquisite structure
at the north and south points. Curves of contrary flexure

started thence, and turned over, and blended with the rest of
the corona, which was entirely structureless and cloudlike ; the
filamentous tracery, which in India I observed till three minutes
after totality, had indeed almost gone. Prof. Bass, however,
tells me that by confining his attention to the same point for

nearly the whole time of totality, the structure came out and
seemed to pulsate like an aurora."

Prof. Pritchett's account is almost the same, word for word,
as may be seen from the following extract :

—•

"
I was particularly struck," he says, "with the brilliant ap-

pearance in the telescope of the filaments at the north and south
limbs of the sun. They seemed radial at the poles, but gradually
bending over and merging into the equatorial streamers in passing
from the pole to the equator. I could not resist the impression
that these filaments pulsated."
From the above it will be seen that the appearances at the

pole for both years were very similar
; and with regard to the

equatorial streamers also, their notes show that the characteristic
features of each coincided in almost all particulars. Owing to
the fact of the minimum spot period occurring at both eclipses,
the above results strengthen very considerably the hypothesis
connecting the spot cycle with the corona.

In addition to Prof. Engler's drawing mentioned above,
Seiior Valle also made some eye observations of the coronal
streamers. The method he adopted was similar to that em-
ployed by Prof. Newton in 1878, and consisted in placing a
screen in such a position that during totality the moon and the

brighter corona were cut off. The photo-engraving of the

drawing shows an extension of the equatorial streamers to about
a distance of three solar diameters, while the polar regions were
described as of a curved luminous filamentary contraction.

Before concluding, we must not forget to mention the admir-
able artotype reproductions, at the end of the report, of all

the negatives : as they are arranged in the order of the times of

exposure, they show well the progressive increase of detail on
the outer part of the corona as the exposure was lengthened.

W.
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SIMPLE PROOF OF EUCLID II. 9 AND 10.

'HE following proof of Euclid II., 9 and 10, believed to be
new, due to Miss Hilda Hudson, was communicated to

the London Mathematical Society at their last meeting.
AB is bisected in C and divided unequally in D either in-

ternally (II. 9) or externally (II. 10). It is required to prove
that the sum of the squares on AD and DB is equal to twice the
sum of the squares on AC and CD.

I
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a considerable amount of blue rays. M. Teisserenc de Bort

explained the existence of a vertical barometric gradient, first

noticed in mountain observations, but lately measured more

exactly on the Eiffel Tower.—The zodiacal light as related to

terrestrial temperature observations, by O. T. Sherman.—
Features of Hawaiian climate, by C. L. Lyons, in charge of the

Weather Service there. The temperature averages for January
are 69° to 71°, and in July and August 78° and 79°. The daily

range is greater than is generally supposed, averaging 11° for the

year, and some days over 20°. The maximum temperature is

89°, and the minimum 55°.
—

High-level meteorological observa-

tories in France, by A. L. Rotch ;
and other articles of minor

importance!

SOCIETIES AND ACADEMIES.
London.

Royal Society, December 17.
— "The 'Ginger-beer Plant,

and the Organisms composing it : a Contribution to the Study
of Fermentation-yeasts and Bacteria." By H. Marshall Ward,
Sc.D., F.R.S., F.L.S., Professor of Botany at the Forest

School, Royal Indian Engineering College, Cooper's Hill.

The author has been engaged for some time in the investiga-
tion of a remarkable compound organism known to villagers as

the "ginger-beer plant."
It occurs as jelly-like, semi-transparent, yellowish-white

masses, aggregated into brain-like clumps, or forming deposits
at the bottom of the fermentations, and presents resemblances

to the so-called Kephir grains of the Caucasus, with which,

however, it is by no means identical.

He finds that it consists essentially of a symbiotic association

of a specific Saccharomycete and a Schizomycete, but, as met
with naturally, invariably has other species of yeasts, bacteria,
and mould-fungi casually associated with these.

He has successfully undertaken the separation of the various

forms, and groups them as follows :
-

(i) The essential organisms are a yeast, which turns out to be
a new species allied to Saccharomyces ellipsoidetis (Reess and

Hansen), and which he proposes to call S. pyrifontiis ; and a

bacterium, also new and of a new type, and named by him
Bacterium vermiforme.

(2) Two other forms were met with in all the specimens
(from various parts of the country and from America) examined
—Mycoderma cerevisicB (Desm. ) and Bacterium aceti (Kiitzing and

Zopt).

(3) As foreign intruders, more or less commonly occurring in

the various specimens examined, were the following :
—

a. A pink or rosy yeast- like form— Cryptococcus glutinis

(Fresenius) ?

i8. A small white aerobian top-yeast, with peculiar characters,
and not identified with any known form.

7. The ordinary beer-yeast
—

Saccharomyces cerevisice (Meyen
and Hansen).

5. Three, or probably four, unknown yeasts of rare occur-

rence.

6. A bacillus which forms spores, and liquefies gelatine with

a greenish tinge.

^. A large spore-forming bacillus, which also liquefies gela-
tine.

t) and Q. Two—perhaps three—other Schizomycetes not

identified.

J. A large yeast-like form which grows into a mycelium, and
turns out to be O'idium laciis (Fresenius).

K. A common blue mould—Penicillium glaucum (Link).
A. A brown " Torula "-like form, which turns out to be

Dematium pullulans (De Bary).

/t. One, or perhaps several, species of " Torula" of unknown
origin and fates.

Saccharomyces pyriformis (n. sp.) is a remarkably anaerobian

bottom-yeast, forming spores, and developing large quantities of

carbon dioxide, but forming little alcohol. It has also an aero-

bian form—veil form of Hansen—in which the rounded cells

grow out into club-shaped or pyriform cells, whence the proposed
specific name. It inverts cane sugar, and ferments the products ;

but it is unable to ferment milk sugar. It forms rounded,

morula-like, white colonies in gelatine, and the author has

separated pure cultures from these. He has also studied the

development and germination of the spores, which are formed
in 24 to 48 hours at suitable temperatures on porous earthenware

blocks. They also develop on gelatine.
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The specific Schizomycete [Bacterium vermiforme, n. sp. )
has

been very fnlly studied by the author. It occurs in the fermenta-

tions as rodlets or filaments, curved or straight, encased in a

remarkably thick, firm, gelatinous sheath, and is pronouncedly
anaerobic, so much so, that the best results are got by cultivating

it in carbon dioxide under pressure.
The sheathed filaments are so like worms, that the name

proposed for the species is appropriately derived from this

character.

It will not grow on gelatine, and separation cultures had to

be made in saccharine liquids by the dilution methods.

It grows best in solutions of beet-root, or of cane sugar, with

relatively large quantities of nitrogenous organic matter—e.g.

bouillon, asparagin— and tartaric acid. Good results were ob-

tained with mixtures of Pasteur's solution and bouillon.

The author found that the bacterium into which the filaments

subsequently break up can escape from its sheath and become

free, in which state it divides rapidly, like ordinary bacteria.

Eventually, all the forms—filaments, long rods, short rodlets—
break up into cocci. No spores have been observed. These

changes are dependent especially on the nutritive medium, but

are also affected by the gaseous environment and the temperature.
The jelly-like clumps of the so-called

"
ginger-beer plant

"
are

essentially composed of these sheathed and coiled Schizomycetes,

entangling the cells of Saccharomyces pyriformis. But the fer-

mentative actions of the Schizomycete on the saccharine medium
are different when alone, from those exercised when associated

with the yeast, or from those exerted by the latter alone.

This was pi'oved by cultivating each separately, and also by
cultivations in which, while each organism was submerged in the

same fermentable medium, they were separated by permeable

porcelain (Chamberland filters), through which neither could

pass.
The author has also reconstructed the "

ginger-beer plant
"
by

mixing pure cultures of the above two organisms ;
the Schizo-

mycete entangled the yeast-cells in its gelatinous coils, and the

synthesized compound organism behaved as the specimens not

analyzed into their constituents. The symbiotic compound
organism so closely resembles a lichen, in its morphological

aspects, that it may be said to be a ferment-lichen.

Some very curious phenomena in connection with the forma-

tion of the gelatinous sheaths and the escape of the bacteria from

them were observed in hanging-drop-cultures, and are figured

and described by the author. The conditions for the develop-
ment of the gelatinous sheaths—and therefore of the coherent

brain-like masses of the Schizomycete
—are a saccharine acid

medium and absence of oxygen. The process occurs best in

carbon dioxide : it is suppressed in bouillon, and in neutral

solutions in hydrogen, though the organism grows in the free,

non-sheathed, motile form under these conditions.

The behaviour of pure cultures of the bacteria in as complete
a vacuum as could be produced by a good mercury pump, worked

daily, and even several times a day, for several weeks, is also

noteworthy. The development of the sheaths is apparently in-

definitely postponed /« vacuo, but the organism increased, and

each time the pump was set going an appreciable quantity of

carbon dioxide was obtained. In vacuum tubes the same gas
was evolved, and eventually attained a pressure sufficient to

burst some of the tubes. The quantity of carbon dioxide

evolved daily by the action of the bacterium alone, however, is

small compared with that disengaged when the organism is

working in concert with the symbiotic yeast ;
in the latter case

the pressure of the gas became so dangerous that the author had

to abandon the use of sealed tubes.

The products of the fermentation due to the Schizomycete
have not yet been fully determined in detail ;

lactic acid, or

some allied compound, seems to be the chief result, but there

are probably other bodies as well. The author considers that

the bacterium removes from the sphere of action substances

which, if accumulated, would exhibit the fermentative power of

the yeast, hence the advantages of the symbiosis.
The pink yeast-like form proved to be very interesting. It

has nothing to do with the "ginger-beer plant" proper, though
it was invariably met with as a foreign intruder in the specimens.
The author identifies it with a .form described by Hansen
in 1879 ("Organismer i Ol og Olurt," Copenhagen, 1879);

unfortunately the original is in Danish, but the figures are so

good that little doubt is entertained as to the identity. It is also

probably the same as Fresenius's Cryptococcus glutinis in one of

its forms. It is not a Saccharomycete, and does not ferment

like a yeast ; it is aerobian.
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The chief discovery of interest was that in hanging drops
the author traced the evolution of this "rose-yeast" into

a large complex mycelium, bearing conidia, and so like some
of the Basidiomycetes that it may almost certainly be re-

garded as a degraded or ''torula" stage of one of these

higher fungi. Full descriptions and figures are given by the

author.

The form Mycoderma cerevisia; v?as thoroughly examined.

The author's results confirm what is known as to its aerobian

characters. Statements as to its identity with Oidium lactis

were not only not confirmed, but the author grew these two
forms side by side, and maintains their distinctness. Nor could

he obtain spores in this fungus, thus failing to confirm earlier

statements to the contrary. He regards it as probable that oil-

drops have been mistaken for spores ; he also finds that in later

stages of fermentation by this organism a strong oily-smelling

body is produced.
With regard to Bacterium aceti, the author has nothing new

to add. A point of some interest was the repeated production
of acetic ether, which scented the laboratory, when this Schizo-

mycete was growing in company with the small white aerobian

top-yeast referred to under (;3). Full details regarding the rest

of the organisms, which have nothing to do with the "ginger-
beer plant

"
proper, are given in the original paper.

Physical Society, December 4.
—Prof. W. E. Ayrton,

F. R.S., President, in the chair.—A paper on a permanent
magnetic field was read by Mr. W. Hibbert. The author had
noticed the approximate constancy of an "aged" bar magnet,
and he obtained still greater constancy by attaching pole pieces
to a bar magnet, of such a shape as to give a nearly closed circuit

of small "
magnetic resistance." The pattern now described

consists of a steel rod i inch diameter and about i\ inches

long, with a cast-iron disk 4 inches diameter and | thick fixed at

one end ; the other end is fitted in a hemispherical iron shell

which surrounds the bar and comes flush with the upper surface

of the disk. An annular air space less than -}^ inch wide is left

between the cylindrical surface of the disk and the inside of the

shell, and when the bar is magnetized, a strong magnetic field

exists in this space. To use this field for producing electro-

magnetic impulses, a coil of wire is wound in a shallow groove
on a brass tube which can slide axially through the annular

space, thus cutting all the lines. The tube is allowed to fall by
its own weight, a neat trigger arrangement being provided for

effecting its release. The instrument exhibited had 90 turns of

wire in the coil, and the total magnetic flux across the air space
was about 30,000 C.G.S. lines. A large electro-magnetic im-

pulse is, therefore, obtainable even through resistances as great
as 10,000 ohms. Tests of three instruments show that there has

been practically no magnetic decay in seven months. The
author therefore considers them satisfactory, and is prepared
to supply them as magnetic standards. To facilitate calculation,
the number of lines will be adjusted to a convenient number,

say 20,000 or 25,000. Several uses to which the instruments

are well suited are mentioned in the paper, and a simple way
of determining permeability by the magnetometer method is

described. Mr. Blakesley thought the name given to the in-

strument was inappropriate, for it really gave a constant

impulsive E. M.F. Dr. Sumpner said the cons:ancy of the

sensibility of d'Arsonval galvanometers was a measure of the

constancy of magnets having nearly closed circuits. Such in-

struments, in use at the Central Institution, had remained

unchanged for several years. Prof. S. P. Thompson admired
Mr. Hibbert's instrument, and thought it would be very useful

in laboratories. Standard cells, he said, were not always
reliable, and condensers were the most unsatisfactory of electrical

standards. On the subject of permanency of magnets, he said

that Strouhal and Barus found that magnets with nearly closed

circuits were most constant, and that, to give the best results,

the hardness of the steel should be less the more closed the

circuit. Mr. Hookham had also found that by using a nearly
closed circuit, and reducing the strong magnetization by about
10 per cent., great constancy could be obtained. S ime years

ago he (Dr. Thompson) had tried the effect of ill-treatment on

magnets, and observed that touching or hitting a magnet with

non-magnetic material had little effect, whilst similar treatment

with iron or magnets affected them considerably. Suddenly
removing the keeper of a magnet tended to increase the magnet-
ism, whilst putting a keeper on suddenly had the reverse effect.

Strouhal and Barus had also investigated the temperature co-

efficient of magnets, and found that this might be reduced by
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subjecting the magnet to rapid changes of temperature after the

first magnetization, and then remagnetizing. Mr. W. Watson

inquired what was the percentage fall in strength of Mr.

Hibbert's magnets. The bars used in magnetic surveys had been

tested frequently, and they lost about 0-5 per cent, in 6 months.

The President asked what were the temperature coefficients of the

magnets described in the paper ? Mr. Evershed, he said, thought
it was between O'oi percent, and 0-05 percent, for ordinary mag-
nets. He thought the instrument shown by Mr. Hibben would

be of immense value if the magnet was really permanent. By it

ballistic galvanometers could be readily calibrated, and, when
combined with a resistance box, it could also be used as a

standard for current ; for, since the constant of a ballistic galva-

nometer for quantity can be determined from its constant for

current, if the periodic time be known, conversely that for

current can be found from the constant for quantity. In some
instances this would be of great use. Speaking of the tempera-
ture coefficient of condensers, he said that in some cases the

specific inductive capacity of dielectrics diminished with rise of

temperature whilst in others it increased. Mr. Hibbert, in

reply, said he found the temperature coefficient of his magnets
to be, roughly, about 0*03 per cent., but he had not investigated

the matter very carefully. In making his measurements no cor-

rection had been made for the variation of capacity of his con-

denser with temperature.
—Mr. Walter Baily took the chair, and

the President communicated a note on rotatory currents. The

subject, he said, was probably familiar to most persons present,
for it had been frequently referred to in the scientific papers.
Alternate currents could be obtained from an ordinary direct

current dynamo by making contact with two points in the arma-

ture, say by connecting these points to insulated rings on the

shaft, and using extra brushes. A direct current motor similarly

treated transforms direct currents into alternating currents,

or into mechanical power. If two pairs of points in the

armature be selected, situated at opposite ends of two perpen-
dicular diameters, then two alternating currents differing in

phase by 90° can be obtained ; and by choosing suitable points
in the armature, two, three, or more currents differing in phase

by any desired angles can be produced. In ordinary motors the

connections for doing this would be troublesome, but the Ayrton
and Perry form, which has a stationary armature, lends itself

readily to this purpose, for contact can be made with any part of

the armature with great facility. A motor of this kind was

exhibited, in which contact was made with four equidistant

points on the armature. On connecting opposite points through
fine platinum wires, and running the motor slowly, the wires

glowed alternately, one being bright whilst the other was dark,

and vice versa, thus demonstrating the existence of two currents

in quadrature. When the four points on the armature were

joined to the four corners of a square of platinum wire, the

wires became incandescent in succession, the glow appearing to

travel round the square, and suggesting the idea of rotatory
currents. A Tesla alternating current motor was also driven by
two currents differing in phase by 90°, obtained from the arma-

ture of the Ayrton and Perry direct current motor above

mentioned. The ease with which currents differing in phase by
any amount can be obtained from such a motor led the author

to investigate theoretically the case of two circuits connecting

opposite ends of two diameters inclined at any angle, a. Call-

ing the currents in these circuits at any instant, Ai and A2, he

had found that

multiplied by sin {pt+p) ;

where n = number of turns on armature per radian,

p = resistance of armature per radian,

;-j
= resistance of external circuit in which current Aj,

passes,

ro = resistance of external circuit in which current A^
passes,

Eo = maximum E. M. F. per convolution

J>
= angular velocity of rotation, and

»|
- — a isina

tan (^
= •

.
7r /tf \
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A similar expression, in which
r-^

is written for n, and r^ for r-^,

jjives the value of Aj. The phase angle between the currents is

given by

tan(<^ + ;//)
= .

L+/'^)(^-2+p^)-p-^(^-ay

(^.p^)(^.p^)..^(^-«y
p(^-«)(.,+p^

The expression for <p shows that the phase of the current in cir-

cuit Aj is independent of the resistance r^. On the other hand,

varying r.^ alters ^. It was also pointed out that tan {<p + >|/)
is

generally greater than tano.—Prof. J. Perry, F.R.S., read a

paper on struts and tie-rods laterally loaded. He pointed out

that, in the case of struts, a slight want of straightness may con-

siderably reduce the breaking load. Even if a strut be originally
straight and the thrust properly distributed, its weight usually
produces lateral loading and consequent bending. Similarly,

centrifugal force produces lateral loading in connecting rods.
For some years the author has given his students practical ex-

amples of struts and tie-rods to work out, taking into account
ihe effect of lateral loads. The chief results obtained, together
with a general treatment of the whole subject, are embodied in

the paper. Where the curves of bending moment and the de-
flections due to lateral loading can be easily developed by
Fourier's series, solutions can readily be found. Simple cases
of uniformly loaded struts and tie-bars have been fully worked
out, and also the case of locomotive coupling rods. In one
problem on the latter subject, a rectangular cross-section was
chosen, and the proportions of depth to breadth determined so
as to make the rod equally strong in the two directions when
running at various given speeds. With cranks 12 inches long,
the results show that, at a speed of 390 revolutions per minute,
the ratio of depth to breadth must be infinite, so as to give equal
strength, so great is the influence of the lateral loading due to

centrifugal force, when combined with the thrust. Horizontal
tie- rods loaded by their own weight have been investigated, and
the tensions required to neutralize compression due to bending
determined. A<steel bar, i inch diameter and 48 inches long,
was used as a strut, with a thrust of 1500 pounds. The maximum
stress, due to bending by its own weight alone, was 810, and on

applying the thrust the maximum stress was raised to 23,190, or
about 26 times that due to lateral loading alone. More complex
cases have also been treated, the results of which are given in the

paper.

Paris.

Academy of Sciences, December 14.
—M. Duchartre in the

chair,—On the distribution of prime numbers, by M. H. Poin-
care.—On the fixation of nitrogen by arable soils, by MM. Arm,
Gautier and R. Drouin. The conclusion is drawn that only
soils containing organic matter fix the free or ammoniacal nitro-

gen of the atmosphere, even in the absence of plants, and that
the organic matter existing in all arable soil is an indispensable
intermediary in this fixation of nitrogen.

—On the camphoric and
isocamphoric esters, and the constitution of the camphoric acids,

by M. C. Friedel.—Remarks on the history of supersaturation,
by M. Lecoq de Boisbaudran. The author gives some notes,
made by him in 1866, on the subject of supersaturation, which
are in agreement with the phenomena of solution observed in

recent years.
—Observations of Borrelly's asteroid (Marseilles,

November 27, 1891), made at Paris with the East Tower equa-
torial, by Mdlle. Klumpke. Observations for position were
made on November 30, December 2 and 5.

—On integrals of
the second degree in problems of mechanics, by M. R. Liou-
ville.—On a class of tongruenees of lines, by M. A. Petot.—On
the actual state of geodetic and topographic works in Russia,
by General Venukoff.—A brief note on the maps of Russia,

prepared under the direction of General Kowersky.—On circular

polarization, by M. E. Carvallo.—On a thermo electric standard
of electromotive force, by M. Henri Bagard. The author has

experimented with thermo-electrolytic couples consisting of two
liquids, one an amalgam of zinc, containing a known proportion
of this metal, and the other a solution of sulphate of zinc. He
finds that such a couple is absolutely constant between two
given temperatures, its electromotive force between 0° and f
being given by the formula—

Eq' =0*001077^ -f o '00000090/^.
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And it is not necessary to exercise any great precision in the

determination of the weight of zinc dissolved in the known

weight of mercury to form the amalgam, for the variation of the

electromotive force when the couple is at the temperatures 0°

and 100° appears to be onlyooooi volt when the proportion of zinc

was varied from o "00025 to o 00075 the mass of the niercury,
—The

three basicities of phosphoric acid, by M. Daniel Berthelot. The
basicities have been investigated by the author using a method
of determining the electric conductibilities of phosphoric acid

solution, and of the same with varying quantities of soda, potash,
or ammonia respectively added. The conclusion is drawn that

monobasic and bibasic phosphates are stable even in dilute

solution, and that the tribasic alkaline phosphates are nearly

completely dissociated in dilute solution. Phosphoric acid

differs completely from the true tribasic acids as the monobasic
and bibasic salts of the latter are partially dissociated hy water,
and the tribasic salts, on the contrary, are stable in solution.—
Salts in solution, sodium sulphate and strontium chloride, by M.
A. Etard.—A green solid chromic sulphate, by M. A. Recoura.

It has the formula Cr.,(S04)3,iiH.20.
— Bismuthic acid, by

M. G. Andre.—On the distillation of oil, by M. Pierre

Mahler.— .-^ new porcelain, asbestos porcelain, by M. F. Garros.—
On the presence of reticulated tissue in the muscular walls of the

intestines, by M. de Bruyne.— On the first phases in the dieve-

Xo^^mtni oi Crustacea edi-iophthalma, by M. Louis Roule.—On
Gymnorhynchus reptans, Rud., and its migration, by M. R.

Moniez.—On the role of the foot as a prehensile organ in Hin-

doos, by M. Felix Regnault. Many travellers have remarked
on the ability possessed by most Hindoos of using the foot as

well as the hand in work of all descriptions. M. Regnault has

made some measurements of the lengths of the feet and toes of

a number of natives, and draws some conclusions therefrom as

to the adaptation
" of the organ to the function."—On the dis-

covery of Tertiary shells in the volcanic tufa of Limburg (Grand
Duchy of Baden), by M. Bleicher.—The circulation of winds on
the surface of the earth : fundamental principles of the new

theory, by M. Duponchel.
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THURSDAY, DECEMBER 31, 1891.

THE PHYSICAL THEORY OF SOLUTION.
Solutions. By W. Ostvvald. Translated by M. M.

Pattison Muir. Pp. 316. (London : Longmans, Green,
and Co., 1891).

WITH certain additions this work is a translation of

Boole IV. of the second edition of Ostwald's
" Lehrbuch der allgemeinen Chemie." At the present
time there is no department of physical chemistry which
is receiving more attention, and which is the subject of

more controversy, than that of solutions. On the Con-

tinent, the physical theory of solution, arising out of the

ideas of van 't Hofif and Arrhenius, has obtained, for the

most part, ready acceptance. Although the earlier of

these conceptions is but some si.K years old, their ap-

plications and the facts accumulated around them have

already become so numerous that to piece fact and theory

together, and keep the main issues of the case to the fore,

is a necessity. To carry out these ends no one is better

fitted than the Professor of Chemistry in the University
of Leipzig. Prof. Ostwald is one of the warmest sup-

porters of the physical theory, and has done more,

perhaps, than any other, to make it what it now is.

As contrasted with its reception on the Continent, the

new theory has had but little favour shown to it in this

country. Men of science on this side of the Channel

have, as a rule, been unwilling to grant the more startling

consequences which follow in its wake, and have offered

more or less decided opposition to its progress. Of late,

too, the claims of a special development of the rival

hydrate or chemical theory have been brought prominently
under their notice. There is therefore a certain fitness in

the publication of a "
full and authoritative statement "

in

English of the merits of the physical theory.
The book opens with a definition of solutions. In the

light of the physical theory these are "homogeneous
mixtures which cannot be separated into their constituent

parts by mechanical means." Granting this definition, it

forms a basis for classifying the different kinds of solu-

tions, and these, together with the conditions under which

they are formed, and under which they exist, are discussed

in the first four chapters.

Chapter i., solutions in gases, begins with an account
of Dalton's law of partial pressures, and the deviations

from the law brought to light by the work of Regnault,
Andrews, and others. The somewhat novel result that

this gaseous law should be found under the heading
solutions, follows, of course, from the fact that a gaseous
mixture satisfies the definition quoted. The rest of the

chapter is taken up with the evaporation of liquids and

solids, as these processes may be regarded as instances of

the solution of liquids and of solids in gases.
Solutions in liquids are considered in the next three

chapters. Chapter ii. is devoted to solutions of gases
in liquids. Henry's law, its verification by Bunsen, the

methods of determining absorption coefficients, and the

exceptions to Henry's law shown by aqueous solutions of

ammonia, hydrogen chloride, &c., are given first. Then
follow sections on the theory of gas-absorption, on ab-

sorption by saline solutions and by mixed liquids, and on
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the volume changes of liquids accompanying absorption.

Chapter iii. deals with mixed liquids, classified according
as they are miscible in all proportions, partially mistible,
or practically immiscible. Alexejeff's interesting curves

representing the mutual solubility of different pairs of

liquids at different temperatures here find a place. The
observations of Konowaloff on the vapour pressures of

mi.xed liquids are described at some length, and are worthy
of attention, in particular those relating to liquids miscible

in all proportions, as they are of especial value in the

process of fractional distillation.

Chapter viii. of Book V. of the "
Lehrbuch," solutions

of solids in liquids, is now introduced. That it is not

quite continuous with its predecessors is apparent by the

abrupt mention of osmotic pressure, and the use of van 't

Hoff's factor z, reference being made by the translator to

succeeding chapters for explanations. Free application
of the gaseous laws to solutions is made in this chapter,
which treats of supersaturation, the influence of ex-

ternal pressure and of temperature on solubility, the

volume relations of solutions, the influence of melting on

solubility, the solubilities of mixtures, the effect of acids

on the solubilities of their salts, solutions in mixed

liquids, &c. The emphasis laid on the fact that in a

saturated solution in contact with undissolved substance,

the latter plays an important part in the conditions

of equilibrium, is noteworthy.
Under osmose, is next given an account of osmotic

pressure, and of the work of Traube, Pfeffer, de Vries.

and others, with the theoretical deductions of van 't Hoff

which were founded on such researches, and which re-

sulted in quantitative support to the idea of the analogy
between solutions and gases. This chapter might with

profit have been given at an earlier stage, at least before

the previous one, on the solution of solids in liquids.

The chapter jfoUowing, on the diffusion of dissolved

substances, contains a valuable abstract of the main in-

vestigations on this subject, from the time of Graham
down to the present, when Fick's fundamental law of

diffusion follows, as shown by Nernst, from consideration

of the effect of osmotic pressure.

Chapters vii. and viii. treat respectively of the vapour

pressures and freezing-points of solutions. A full and

historical account, with the practical applications to

molecular weight estimations, is given in each case. Salt

solutions are next discussed, the leading idea of the

chapter being to prove "that the properties of electrolytes

are additive, or can be expressed as the sum of the

properties of their constituent ions. Both chemical and

physical properties are quoted in support of the existence

of free ions in salt solutions. The last chapter is devoted

to the simultaneous action of different solvents. The use

of some of the results as new methods of determining
molecular weights is also indicated.

On the whole, the book is a very suggestive one. The
historical method adopted in each chapter adds much to

the interest. The arrangement of the facts concerning

solutions, and the copious references to original memoirs,
are alone sufficient to make the book valuable ; and to

many, thosejchapters, such as that on diffusion, which deal

mainly with fact, will be the most useful. Even although,
in the investigation of solution, the use of the gaseous
laws be nothing more than the carrying out of a mere

K
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analogy, nevertheless theoretical speculations and practical

researches are indicated, which, in the long run, must

throw more light on the question.

But, in spite of all this, the book is not satisfying. The

main objections which have been urged against the

physical theory still exist.

To the fundamental question—" Is solution a physical

or a chemical process ?
"—the answers are various. The

opening definition and much thac follows seem quite

decisive on this point :

" Solutions are homogeneous
7nixtures?'

Dissolved substances obey gaseous laws because

" the molecules of the solvent in the interior of the solu-

tion act equally in all directions on each molecule of the
dissolved substance, these molecules are all free to move
as if there were, on the whole, no action upon them.
Hence it follows that the kinetic energy of the molecules
of the dissolved substance is equal to that of the gas at

the same temperature."

The deviations of concentrated solutions from the

6imple gaseous laws are explained by the fact that in

such cases the osmotic pressure is high, and that " com-

pound gases of simple composition show marked devia-

tions from the gaseous laws at such pressures."
The inference from such statements obviously is, that

solution is purely physical ;
to the dissolved substance are

to be ascribed even the deviations from the gaseous laws
;

the solvent may be ignored. This is, indeed, the logical

outcome of the physical theory.
On the other hand, evidence such as the following has

to be considered :
—

"
Every liquid is capable of taking up every gas, and

.combining therewith to form a homogeneous liquid or
solution. . . . Two classes of these gas-solutions are to

be distinguished. ... In cases belonging to the second

class, e.g. in a solution of hydrogen chloride in water,
we have sufficient grounds to assert that chemical change
occurs."

The distinction drawn between crystalloids and colloids

js of the same order as the above :
—

" Those of the first group (crystalloids) dissolve in
water with more or less marked changes of temperature ;

they raise the boiling-points, lower the freezing-points,
and generally exert a marked influence on the properties,
of their solutions. The others (colloids) do not exhibit
all these properties : their solutions are inechanical
mixtures rather than compounds."

Experiment has shown that the molecular weight of

the same dissolved substance, obtained by the Raoult

methods, varies in many cases with the solvent. In order

to make theory harmonize with practice, this explanation
is given :

—
"We know that iodine, sulphur, and many other sub-

stances exist in different molecular conditions. It is not,
then, to be wondered at that a definite substance should
exhibit different molecular conditions when dissolved in

different solvents. The different solvents act like different
temperatures or pressures."

The notion of a passive solvent evidently does not here

apply. Even on making allowance for a loose use of the

terms mixture and compound, it is hard to see how these

latter statements accord with the ideas of the functions of

.the solvent and dissolved substance derived from those

quoted previously.
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That the book is a portion of a larger treatise is evident,

to its detriment, in several ways. One instance, which

can hardly escape observation, is the absence of any de-

tailed account of the support to the physical theory which

has been drawn from the electrolysis of solutions. At
first sight, it is difficult to conceive that, in a work on the

physical theory, of which the hypothesis of electrolytic

dissociation is an integral part, no mention should be

made of the quantitative estimate of the degree of dis-

sociation which has been derived from a study of electric

conductivity. The reason is, that electro-chemistry is

treated in Vol. 1 1, of the
"
Lehrbuch," and a second edition

of this volume is not yet published. It would have been

judicious to have delayed publication of this book till

portions of the subject of electro-chemistry could have

been included.

It would have been desirable, it seems to us, to have

made some adequate reference to other theories which

have been put forward in explanation of the phenomena of

solution. The only statement which can be construed

into an allusion to the hydrate theory occurs when treat-

ing of the point as to whether or not a salt in aqueous
solution is united with its water of crystallization. And
here the question is somewhat contemptuously disposed
of:—

" The endeavours of many investigators to find proofs in

favour of the existence in solutions of combined water of

crystallization have not led to results which can be
received without objection ; these endeavours may there-
fore be passed over."

Fault might well be found on the score of incomplete-
ness with much of the evidence put forward in portions
of the book. The chapter on salt solutions is one
of the most striking ;

it is, indeed, the only one which
has for its theme the dissociation hypothesis ; and bear-

ing in mind the contention which this hypothesis has

created, here if anywhere the matter put forward should

have been beyond criticism. Tables are given of com-

pressibilities, surface-tensions, viscosities, &c. ; while, to

begin with, these properties are not defined, and several

necessary details are omitted. Viscosity may be taken

as a special and perhaps the worst example. Two tables

are given with numerical values for viscosities. Whether
these are absolute coefficients in dynes or relative times

of transpiration is not stated. They are in reality relative

values, the transpiration time of water under the experi-
mental conditions being taken as unity. The numbers
in the first table are said to have been " determined with

half normal solutions, and referred to equivalent quantities
of salt." The meaning of this rather redundant sentence

is not quite clear. As a matter of fact, the observa-

tions were taken with half normal solutions, and referred

to normal solutions by means of Arrhenius's formula con-

necting viscosity with concentration. Nothing whatever
is said about the strength of the solutions used for the

observations in the second table. They also relate to

normal solutions, and were obtained by a similar but not

identical method. The most important omission, however,
and one occurring in the case of other properties, is that

of the temperature of observation. When it is remem-
bered that at 100° the viscosity coefficient of water is only
one-fifth what it is at o", the influence of temperature on

viscosity is apparent. The difificulty in attempting to
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compare viscosities has always been the choice of suitable

temperatures of comparison
—

temperatures at which the

substances are in comparable conditions. Reference to

the original papers shows that the temperature of observa-

tion in the examples given was uniformly 25'. Whether
under such conditions the viscosities obtained are com-

parable is open to question, and this point should have

been discussed before any stress was put upon the figures.

Such details as these ought surely to have been noted as

necessary accompaniments of the experimental results.

In other directions the same tendency to omit essential

particulars is traceable. In describing the series of

operations whereby van 't Hoff was enabled to apply

thermodynamics to solutions, it is not shown that the

cycle, as conceived by him, is a reversible one. The
whole practical utility of the process depends on its

reversibility, for then only does the second law of thermo-

dynamics apply. In connection with this point it is not

obvious why the translator should prefer the term "re-

versible cyclical process
"

to the time-honoured and

compact
"
reversible cycle." The use, too, of the shortened

"
cyclical process

"
as the equivalent of "

reversible cycle
"

is inaccurate.

No doubt the incompleteness mentioned is due to the

effort made by the author to make the most of his space.

In some cases, however, space might be gained. For

example, it is surely excessive to give two pages to Voit's

method of obtaining diffusion constants, if it led to results

which were "quite erroneous" ;
or to devote three pages

to Planck's deduction of the vapour pressure of dilute

solutions, if the fundamental thermodynamical equations
are assumed.

.Several points which require alteration may be sum-

marized here. On p. 7, van der Waals's equation is given

wrongly, a bracket being omitted, b in the equation is

four times the volume of the molecules, not the volume

of the molecules, as stated on pp. 7 and 34. No definite

mention is made of what the ordinates and abscissae are

in the diagrams on pp. 66 and 67. On p. 70
"
differen-

tiating forT" would usually be "differentiating with respect

to T." " Narrower " should be " wider " on p. 97, line 1 5.

The expression
" 200 grams capacity" is used on p. 118.

On p. 136, "square root" should be "square." On pp.

186 and 187, l^\f
is written for //y.

On p. 237, \lb

should be 1/7/. On p. 238, - is given instead of
\ — c

b-Bc
I -c •

Mr. Pattison Muir has evidently attempted to give the

sense of the original, without confining himself to a

literal translation. He has succeeded in m.aking a read-

able book, although in one or two instances, as in the

account of magnetic rotation, the meaning is slightly

obscure.

A careful study of this the latest addition to the litera-

ture on solution will, we think, confirm what to many has

been all along apparent
—that solution is in the highest

degree a complex process, and that the physical theory

errs in treating it as being altogether too simple. Despite

the success of this theory, which by establishing a striking

analogy has admittedly done much in giving a fresh im-

petus to investigation, the mechanism of the process is

still hidden. The attitude assumed by the upholders of
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the physical theory, whereby the presence of the solvent

is practically ignored, and analogy regarded as identity,

must, of necessity, lead to misconception.

Much more work must be done, and, whatever happens^
more attention paid to the function of the solvent, before

any adequate theory of solution is possible.

J . W. R.

COLOUR BLINDNESS.

Colour Blindness and Colour Perception. By F. \V.,

Edridge Green, M.D., F.G.S. (London : Kegan Paul,

Trench, Trubner, and Co., 1891.)

IN
a work with this title one naturally expects to find

that such recognized authorities on the theory of

colour perception as Young and Helmholtz are treated

with the respect due to their labours and researches.

The writer, however, not only refuses to pay homage at

the shrine of such masters of natural philosophy, but

deliberately devotes a considerable portion of his work to

an exposure of the "fallacy of the Young -Helmholtz

theory." The preface informs us that the book has been

written for the benefit of those who may have to test for

colour blindness. To such it will hardly be a recom-

mendation to learn that the theories of Young and Helm-

holtz are mere fallacies, and that the tests for colour

blindness as instituted by Prof. Holmgren are not worthy
of the name. The question, of course, arises, What

theory are we to adopt relative to colour perception when

we have surrendered our allegiance to the theories which

Mr. Green denounces ? Th» author answers this query
for us by propounding his own doctrine^—" an application

of the theory of psycho-physical perception, described in

my book on '

Memory,' to the phenomena of colour blind-

ness and colour perception." The arguments in support

of this theory are based upon the examination of some

116 colour-blind persons, not an over-large number of

cases to generalize from, especially when we learn some-

thing of the method pursued in the examination. In-

formation afforded by the colour-blind themselves is one

of the chief sources of Mr. Green's knowledge respecting

colour blindness. He states that he has derived much
valuable information from colour-blind persons relating

to facts concerning their colour perception. We question

much the trustworthiness of data acquired by interview-

ing colour-blinds as to the phases of their visual infirmity.

Yet Mr. Green characterizes this information as trust-

worthy, and alludes to it as "
definite facts of colour-

blindness, to which any future theory must conform."

Many writers on colour blindness have stated that

naming colours is a useless and misleading method of

examination, because the colour-blind must use the con-

ventional colour names and use them at random. But

this reasoning, we are told, is a fallacy, because the

colour-bhnd do not name colours at random, but in

accordance with their ideas of colour! Such is the

language in which the author disposes of the
"
fallacy

''

of Holmgren's wool test. Equally illogical is another of

his conclusions :

"
If, as some persons have said, testing

by colour names is useless, then the whole series of

colour names is useless."

Prof. Holmgren, it is admitted, has done good
service in bringing the subject of colour blindness
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forward ; and, in consequence, the writer of "Colour

Blindness and Colour Perception
"

regrets that he has

to condemn his test. Probably the test will survive the

condemnation. Already, according to the figures of Dr.

Joy Jeffries, of Boston, some 180,000 persons have by

its means been tested expeditiously and effectively. The

mention of the American authority on the subject

emphasizes the fact that the name of one whose labours

in physiology and optics place him in the front rank of

English physicists is omitted from the list of English

authorities on the subject. Brewster, Herschel, Tyndall,

Maxwell, Pole, Abney, Rayleigh, Galton, Nettleship,

Bickerton, Frost, and Hogg are recognized as having

added to our "
knowledge of colour blindness and the

dangers arising from the defect." The name of Dr.

Brudenell Carter does not appear in the list ! The
omission is so glaring when the well-known character of

Dr. Carter's contributionsto the lore of colour blindness

is considered, that there must be some reason for it.

Doubtless it is because Dr. Carter has been guilty of the

heinous crime of championing the theories of Young and

Helmholtz that Mr. Green refuses to recognize him as a

contributor to our knowledge of the subject under dis-

cussion. Dr. Carter once said, in the course of one ofthe

Cantor Lectures :

"
I read somewhere, and have vainly

endeavoured to find again, a denunciation of the

'fallacies of the Young-Helmholtz theory.'" We re-

commend " Colour Blindness and Colour Perception
"

to his attention. The so-called fallacies he will there

find completely exposed and shattered in a manner
most refreshing, and perfectly satisfactory

—at least to

Mr. Green.

Careful study of Mr. Green's work forces upon one the

conclusion that the theories of Young and Helmholtz are
^'
fallacies

"
for the simple reason that he has failed to

understand them aright. Holmgren's tests are no tests

because their principle is opposed to the unscientific

elaborations of Mr. Green,
An extension of the field of research, together with an

honest attempt to imderstand the "
fallacies

" of Young
and Helmholtz, will, we are certain, induce Mr. Green to

remove from his book many of its errors and absurdities.

A METEOROLOGICAL GUIDE-BOOK.
Instructions Meteorologiqices. Par A. Angot. Troisi^me

Edition. (Paris : Gauthier-Villars et Fils, 1891.)

'T'HE "
Instructions Mdteorologiques," which is the

-'- official guide-book for meteorological observers

in France, has long been known as a model work of its

kind, distinguished by great clearness and sufficiency of

detail, while avoiding prolixity. The third edition, lately

published, has been revised and extended by M. Angot,
whose name is a sufficient guarantee that it maintains the

high standard of the original work.

The subject-matter of the present edition has been
increased by nearly one-half. One of the chief additions

is the description of some of the simpler self-recording

instruments, which, it is stated, are coming into general
use at the minor French observatories—viz. the sun-

shine recorder, the recording aneroid, an autographic
thermometer on the Bourdon principle constructed by
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MM. Richard Freres, and an autographic hair-hygro-
meter. The section on cloud observation has been

recast in accordance with the classification proposed

by MM. Hildebrandsson and Abercromby, and, under

the heading of " Phenomenes Optiques," halos and the

aurora borealis are described. The more common ap-

pearance of lunar and solar coronas, though mentioned,
is not specially noticed in this section. In a book in-

tended for the instruction of beginners, we think it would

have been well to point out the distinction of coronas and

halos, since, in our experience, the latter are not infre-

quently recorded by inexperienced observers, when the

former have been the phenomena really observed.

Another subject, treated of for the first time in this

edition, is the computation of elevations from the baro-

metric readings, and also from those of the hypso-
metrical thermometer, the use of which is described at

length. In the appendix are given tables for facilitat-

ing the reduction of the observations of both classes of

instruments.

The patterns of the various instruments, thermometer-

shelters, &c., approved by the author of the "
Instruc-

tions," differ in many respects from those generally

preferred by English observers, and in such matters

there will, of course, be differences of opinion. The
French thermometer-screen, represented on pp. 32 and

33, affords, in our opinion, a better exposure than the

Stevenson screen adopted by the Meteorological Societies

of England and Scotland, but seems hardly to protect

the instruments sufficiently in stormy weather ; while the

simpler form represented on p. 35 seems quite inadequate
in the latter respect, and the method of suspending the

maximum and minimum thermometers somewhat flimsy

and insecure.

In the text of the work we find little or nothing to

which we could take exception, but we think one or two

of the figures are open to improvement. The close

proximity of the wet and dry bulb thermometers repre-

sented in Fig. 16 is hardly compatible with accurate

registration of the humidity of the air ;
and surely the

wind-vane represented on p. 73, on the slope of a roof at

some indefinite distance below the ridge, is scarcely in an

ideally good position, and such as should be put before

learners as a standard model for imitation. We would

also suggest that, in future editions, a simple form of

nephescope, such as Mari^ Davy's, should be described,

together with directions for observing the movement of

the clouds. It has long been a matter of surprise that a

class of observations so important in themselves and so

easily made has been so generally ignored by the writers

of such manuals as the present.

OUR BOOK SHELF.
Chambers's Encyclopcedia. New Edition, Vol. VIII.

(London and Edinburgh : W. and R. Chambers, 1891.)

We are glad to welcome a fresh instalment of this

admirable edition of Chambers's well-known Encyclo-
psedia. It deals with the subjects indicated by
words extending from " Peasant "

to " Roumelia." Sub'

jects of scientific interest have, as usual, been intrusted

to writers who know how to present concisely and clearly
the latest results of research. A clear account of the

phonograph is given by Mr. Thomas A. Edison j
and
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Mr. T. C. Hepworth and Mr. W. T. Bashford trace the

history and describe carefully the various processes of

photography. Mr. J. S. Keltie has an excellent article on
Polar exploration, illustrated with a North Polar and a
South Polar chart. A short but very good paper on

protoplasm is contributed by Mr. J. A. Thomson
;
and

Prof. Sorley makes the most of the few pages set apart
for psychology. Rain is discussed admirably by Dr.

Buchan, and the rainbow by Mr. W. T. Omond. Reflec-

tion and refraction are dealt with by Dr. Alfred Daniell.

The main facts relating to the Red Sea are presented
by Dr. John Murray ; and Dr. Hugh R. Mill sets

down all that is likely to be wanted by students who have
occasion to refer to the article "River." Altogether, the

various papers we have examined may be commended as

in every way worthy of the high reputation secured for

the present edition by preceding volumes.

La Place de PHomrne dans la Nature. By T. H. Huxlev.

(Paris : B. B. Bailliere et Fils, 1891.)

More than twenty years ago a French translation of
Prof Huxley's well-known work, "Man's Place in

Nature," was published. The translator was Dr. E.

Dally. In the present volume this rendering is reissued,
and along with it are associated translations of three

papers in which Prof. Huxley has presented his ideas on
various ethnological subjects. These papers have been
translated by Dr. Henry de Varigny, to whom Prof.

Huxley expresses thanks for the care he has taken to

represent clearly and faithfully the meaning of the

original. The volume will be very welcome to French
students who desire to understand the methods and
tendencies of English scientific thought.

LETTERS TO THE EDITOR.

[The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of l^ATX!V.K.

No notice is taken of anonymous communications.}

Smithsonian Standards for Physical Apparatus.

On the occasion of a scientific expedition of which I had

charge many years ago, the need of common standards of size for

the parts of different astronomical and physical instruments was

brought forcibly to mind
; for the instruments used, while of the

latest and best construction, were necessarily dismembered, and
then transported in fragments to their scarcely accessible desti-

nation by numerous independent bearers
;
and if any accident

happened to any fragment of any piece of apparatus, it was
found, as a rule, that the whole was rendered useless, since it

could not be replaced from the like parts of other pieces which
were spared. The weapons of attack of the little scientific force

were, then, in one important respect, far inferior to those of

modern warfare, in that there had been no attempt to make
their parts interchangeable.

My attention having been drawn to the matter, I was led to

examine astronomical and physical instruments in all cabinets

accessible to me, with a special view to this feature. I found

that, as a rule, no draw-tube, screw, or other piece from one in-

strument would fit the corresponding parts in any other, there

being no attempt to make them interchangeable even where

they came from the same maker.
This experience must be confirmed by that of most others,

who will probably agree that thi-i is a cause of incessant, but

quite avoidable, loss and delay, even where apparatus is used

under ordinary conditions, and it has led to inquiry for some
scheme which would assimilate different parts of the work, not

only of the same, but of different makers. Some of the plans

suggested are well matured, and in themselves apparently com-

mendable, but all are too complex, the ambition of the authors

being, as a rule, to make them so complete as to cover all

possible demands of future progress.
What has been wanted by many others doubtless is some

simple and practicable plan for immediate use, which shall yet

NO. I I 57, VOL. 45]

be found in accord with the larger scheme which may be iinde*"

consideration hereafter.

When it fell to me to meet the somewhat varied wants of the

Smithsonian Institution by a plan which should at least enable a

beginning to be made in the right direction, it seemed that this

should be with such simple and general conditions, that com-
mon consent to them might almost be counted on, at least on
the part of all ready to use the metrical standards.

To provide for the immediate practical wants of this Institu-

tion, advice was sought of several of the best instrument makers,
and a considerable number of tubes and screws by English,

French, and German, as well as American makers were
examined to find out the sizes which long-established use in

these countries had shown to be practically convenient, and the

forms of screws which the best modern practice of scientific

instrument makers concurred in ; and this having been done,
dimensions having a metrical unit, and as near these sizes

as practicable, were adopted
—not as a finality, but as a

beginning.
In the hope that others may consider this very modest

attempt to be in the right direction, and that these standards

may fall into use for immediate needs, and thus tend to bring
about the adoption of that much more complete system of inter-

national standards which most will admit to be (at least in the

abstract) desirable, I beg leave to inclose a circular which has

been sent to all instrument makers employed by this Institution,

trusting that you may find it of sufficient interest to bring it to

the attention of the readers of Nature.
S. P. Langlev,

Secretary.
Smithsonian Institution, Washington, D. C, December 16.

Circular to Instrument Makers.

In all apparatus used by the Smithsonian Institution a series

of standard sizes for metal tubes and for the screws chased on
them has been adopted. The metric division is employed, and
all tubes ordered are to be finished to some even number of half

centimetres in diameter, unless this cannot be done without great

difficulty. The series of diameters and corresponding threads

to be used is, for a diameter of

10 centimetres, 5 threads to a centimetre.

9 >' 5 >» >> >>

TS .. 7 ,,

6 ,, 7 ..

4*5 .. 10 ,,

3 .. 15 ..

When any new tube has to be ordered, it should be made one
of these diameters and chased with one of these threads, if this

can in any way be done.
New eye-pieces are to be as far as possible made to fit the

three-centimetre plug gauge supplied by Pratt and Whitney, and
in fitting them to old work, this size is still to be adapted
wherever possible. The Institution is preparing standard plugs-
and gauges of the diameters given above, and has on hand
chases of 5, 7, 10, and 15 threads to the centimetre. All screws
have the 60° thread, with flattened top and bottom. These it

will supply at first cost to any instrument maker engaged in its

work.

Plug gauges are to be had of great accuracy and at moderate
cost from several standard tool makers. Those here referred to

have been made for the Smithsonian Institution by the Pratt

and Whitney Company of Hartford, Connecticut, and are

within a limit of error of two-hundred-thousandths of an inch

at 62° Fahrenheit. The hobs are from the same makers.

Pigment in Yellow Butterflies.

Apropos of the interesting discussion on comparative pala-

tability and warning colours (Nature, November 19, p. 53 ;

November 26, p. 78), it may be of interest to your readers if I

restate in your columns some of the properties of the yellow

pigment contained in the wings of the common brimstone and

many other butterflies ;
the possible significance of which in

conferring protective unpalaiability is suggested by Mr. Beddard.

My paper on the subject, to which Mr. Beddard refers, was read

before the Chemical Society in June 1889 ; but, being more or

less of a preliminary nature, it was published only in the

abstracts of that Society's proceedings (Abst. Proc. Chem.
Soc, vol. v., 1S89, p. 117 ; z7(/£.' also Nature, vol. xl. p. 335).
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The pigment is freely soluble in hot water, though quite in-

soluble in cold water, and in most organic solvents. Its

aqueous solution is strongly acid to litmus ; and, though it

appears to be quite innocuous to frogs when injected under the

skin, it may well be ungrateful to the ranine palate. At the

same time it must be noted in this regard that its solubility in

the secretions of the frog's mouth is but very slight.

The substance is, as I have shown, undoubtedly a derivative

of uric acid, yielding the latter body as one of its products of

hydrolysis. It gives the murexide reaction direct. It forms

quite definite salts with metals, its compounds with the alkalies

being soluble bodies.

Having regard to the widespread presence of the body in the

scales of diurnal Lepidoptera, I have ventured to call it lepi-

dotic acid. In its physical properties it closely resembles

mycomelic acid, a yellow derivative of uric acid ; and, in my
original paper, I ventured to suggest a formula for the body. I

hope shortly to publish a more complete account of the subject,
and to assign a formula to lepidolic acid based upon fuller

evidence. Meanwhile, in common with many others of your
readers, I am looking forward to the appearance of Mr.
Beddard's book. The literature of the subject of animal
coloration is not easily accessible, and a text-book thereon will

be a valuable acquisition. We have, it is true, the interesting
w ork of Mr. Poulton ; but the subject is there treated from what

lis, perhaps, a somewhat limited standpoint.
F. GowLANi) Hopkins.

Sir Wm, Gull Research Laboratory,
, Guy's Hospital, December i6.

The Chromosphere Line X 6676*9.

In response to Father Cortie's implied question as to the

identification of this line as belonging to the spectrum of iron,

I would refer him to Appendix Got Roscoe's lectures on "
Spec-

trum Analysis
"

(third edition). It is an extract from a joint

paper by Angstrom and Thalen, giving a list of several hundred

(then) new identifications ; among them appears K 654 '3,

ascribed to iron.

The original memoir was presented to the Stockholm Academy
of Sciences in February 1865, and an English translation of it

appeared the next year. I am unable to assign any reason why
many of the identifications given in this memoir fail to appear
in the map published three years later ; but they do, and
X 654"3 is among the missing. C A. Young.

Princeton, N.J., U.S., December 15.

Grafts and Heredity.

I HAD not thought of grafts when I wrote my paper, and I

'have to thank Mr. Beeby for reminding me of an excellent

illustration of my views ; though I cannot gather from his letter

whether he considers the '*

individuality
"

for which he con-

tends to be represented by matter or force. Adopting his

phrase I would apply it to both. The material form, e.g., of the

leaf of the scion, is due to molecular motion, set up by a

group of forces acting in a way peculiar to the life of the scion ;

which /(?;y^j, together with the resulting /orw, constitute its in-

dividuality
—somewhat as a man is known by his mental and

moral characters as \\ell as by his face.

Now, no two individual plants could be fed more alike than a

stock and its grafted scion
;
since they both receive identically

the same food through the roots of the former. All I contend

for is, therefore, that it would seem to be more probable that the

organic molecules constructed out of this food are all alike, only

differently arranged in the leaf of the scion and in that of the

stock respectively. These arrangements must be due to mole-

cular forces ;
while it is difficult to conceive in one's mind how

any special kinds of matter can be concerned in the construction

of the special forms of leaves ; to say nothing of the total want

of evidence of the existence of germ- or other plasm.
There is, however, a deeper question still which Mr.

Croll asked: — "What determines molecular motion?"^
He observed that although physical forces are not only in-

terchangeable but can pass into those which, for want of a

better expression, we may call vital energies ; yet, as he says,

nothing we know of in the properties of physical forces can

' " What Determines Molecular Motion?—The Fundamental Problem of

Nature" (.Phil. Mag., July 1872).
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throw the smallest degree of light upon the above question.
There is always, he adds, the "

object
"
which runs through the

whole of organized nature ;
which cannot be accounted for by

means of the known properties of physical forces. In concluding
bis paper he says :

— "
If one plant or animal differs from

another, or the parent from the child [and, we may add, the

scion from the stock], it is because in the building up process the

determinations of molecular motion were different in the two
cases

;
and the true and fundamental ground of the difference

must be sought for in the cause of the determination of molecu-
lar motion. Here, in this region, the doctrine of natural selec-

tion and the struggle for existence can afford no more light on
the matter than the fortuitous concourse of atoms and theatomical

philosophy of the ancients." This observation seems to agree
with the following lemark of Sir J. D. Hooker on the origin of

secretory glands ol Nepetitlies :
— " The subsequent differentiation

of the secretory organs of the pitcher into aqueous, saccharine,
and acid would follow />a>-i passu with the evolution of the

pitcher itself, according to those mysterious laws which re-ult in

the correlation of organs and functions throughout the kingdoms
of Nature

; which, in my apprehension, transcend in wonder and

interest those of evolution and the origin of species."
^

The nearest approach to an answer to Mr. C roll's question is,

as it seems to me (though it be but cutting the Gordian knot

after all), that there exists a responsive and adaptive poiuer
inherent in living protoplasm- which is called into action by
external forces

; so that by a change of environment— especially
if the old and the new one be strongly contrasted—a plant, as a

rule, at once begins to alter its structure so as to re-establish

equilibrium with Us new surroundings ; and further, if these be

maintained long enough, the altered structures become fixed and

hereditary, while more or less of readaptation can commence

again at any time.

We can no more discover the ultimate cause of this power
which determines or directs molecular motion in living beings,

than we can that of crystallization or gravity, reflex action or

instinct. Innumerable facts, however, justify the full recognition
of its existence.

To apply this to grafts. It is obvious that, whatever determines

the molecular motion in forming the leaf of the scion, it is differ-

ent from that which determines the molecular motion in forming
the leaf of the stock, since the resulting forms of the leaves are

different ;
and it is just this ultimate determining pozaer, which

is unknown and apparently unknowable, which characterizes

the individuality of the scion on the one hand, and of the stock

on the other. Form is but the outward and visible expression
of this power. It is this, too, which underlies the responsiveness
of protoplasm, and determines a new form in adaptation to, or

in equilibrium with, a changed environment.
George Henslow.

Mental Arithmetic.

The very simple method of multiplying large numbers,

published in Nature (p. 78) by Mr. Clive Cuthbertson, is

mentioned by Pappus, Book II. (ed. Hultsch), 2-29, as an

invention of Apollonius. The same method was known to the

Hindoos under the name Vajrabhyasa (Algebra with Arithmetic

and Mensuration from the Sanskrit Brahmegupta and Bhascara,

translated l>y H. Th. Colebrooke, London, 1817).

The method may be enlarged to multiplying three and even

more numbers all at once in the following manner :
—

(lOO(Zl -t- 10/^1 -I- C^) (lOOa, + lOb.2 + (T,) (icoag -f 10/^3 + c.^)
=

C^C^Cs

+ loiiic^c.^ + Va-^i + Vi^a)

+ lO-ia^c^Cs + '^a^s^i + ^3^i'^2

+ i^kc.^ + U>^c^ + b^h^c.^)

+ lo3(ffj[/'2^3 + Vai + «2[Vi + ^i-^s]

+ a^[lY2 -t- Vi] + I'Ah)
-\- io*{ctia./^ + a^a-^Ci + a^a^'^o

+ '"aV'n + <^2'^3'^i + ^i^i^i)

+ io^(aiaJ>.^ + a-^a^b-^ -f a.^a^b^)

+ 10*flifl2«3.

' Address to the Department of Zoology and Botany of the Briiish Associa-

tion, Belfast, 1874.

i
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Special example :
—
123x456x789
I 2 3

456
789

First figure.
—3x6x9=162 2

Second figure.
—16 + 2 .6.9 + 5.9.3 + 8.3. 6 = 403 , . 32

Third figure.
—40 +1.6.9 +4.9.3 + 7.3.6 + 2.5.9

+ 5 . 8 . 3f8 . 2 . 6= 634 432

Fourth figure.—63+1 . (5 . 9 + 8 . 6)+4 . (2 . 9 + 8 . 3)

+ 7 .(2. 6 + 5 . 3) + 2. 5 . 8 = 593 . . . .3432

Fifth figure.
—59+1 .4.9 +4.7.3 + 7 1.6
+ 1.5.8 +4.8.2 + 7.2. 5 = 395 . . . 53432

Sixth figure.
—39 +1.4. 8 + 4. 7. 2 + 7. I. 5 = 162 . 253432

Seventh and eighth figures.
— 16-^-1.4 7 = 44 . . .44253432

K. IIaa.s.

Vienna, VI., Matrosengasse 8.

The Migration of the Lemming'.
Having resided during the summer months for more than

twenty years on the plateau from which the migrations of the

Norwegian lemming are supposed by many to take their origin,
I can sptak from personal observation. Some years ago I had
the honour to read a rather lengthy paper before the Linnean

Society on these animals, and, with one exception, to which
reference will be presently made, I am happy in having nothing
to alter or recant. The increase of the Lemmings is not

cumulative, but rather periodic, as indeed is usual among the
voles as well as among many other forms of life. The
migrations are not caused by insufficient food nozv, whatever

they may formerly have been, and this is evident from the fact

that the swarms pass through, but do not exhaust the fertile

districts which they encounter on their nilgrimage. Nor are

they affected by any personal struggles between these most

pugnacious of animals, for the young litters, when reared, go
singly on the journey from which none have ever been observed
to return. They do not follow the watershed, and they do not

always migrate to tlie west—an error into which I was betrayed
by trusting to common report and insufficient personal experience.
But they do go straight. It is well known that the eyes of the

lemming are so placed on the top of the head as to render it

impossible for the animal when swimming, to discern any object
not far above the plane of its horizon. On a calm morning last

summer, I often placed my boat in the path of the swimmers,
and noticed that they crossed my lake in an absolute "bee-line,"
and that they could not discern my presence until the angle sut)-

tended by the boat was infinitely higher than that of the

opposite shore. This latter migration was south-east, and in

the late autumn the steamer on Lake Mjosen made its way through
thousands of these hapless wayfarers; whilst, still later, large
numbers were to be seen close to Christiania

;
but I venture to

prophesy that none will be found in that neighbourhood next

year, nor, for tie matter of that, in Heimdalen itself, though
it is obvious that some must remain. Probably the ex-

planation of these apparently capricious and suicidal migra-
tions may be that they are the result of hereditary instinct,
which formerly was of service if not necessary to the species.
The straight course which they pursue must be owing to

the sense of direction common to migrants, and I would hazard
the conjecture that the changes of destination may be due to an
instinct which, owing to its present inutility, is gradually dimin-

ishirg in precision and intensity. W. Duppa-Crotch.
Asgard, Richmond, December 24.

The Recent Earthquake in Japan.

Dans la lettre de M. J. Milne, Tokio, 7 novembre, sur le

tremblement de terre du Japon du 28 octobre, 1891 (Nature,
xiv. 127), il y a entr'autres un fait interessant : c'est la mise en
oscillation de I'eau d'un bassin de 60 pieds de lonsjueur sur 25

pieds de profondeur. II est rare que dans un tremblement de
terre I'eau des etangs ou des lacs soit mise en mouvement ; le

rythme des vibrations du sol ne correspond pas, le plus souvenf,
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au rythme de I'oscillation de I'eau. Dans le cas actuel, les

vagues ayant atteint une hauteur de 3 a 4 pieds, il est certain

que I'eau a pris un mouvement de balancement.
Le formule d'un tel mouvement d'oscillalion pendulaire, si le

bassin a un fond horizontal, est :

t = 2/

/ = 60 pieds = i8'29m.,

h = 25 pieds =
7 •62m.,

t — 4'2 secondes de temps.'

II serait interessant de savoir si le rythme des vibrations du^
tremblement de terre a Tokio a correspondu a une duree aussi
lente ;

ou p.eut-eire a la moitie de cette duree, soit 2'i". Ce
serait dtfja des vibrations extraordinairement lentes pour un
tremblement de terre. F.-A. Forel.

Morges, 12 decembre.

ON THE VIRIAL EQUATION FOR GASES
AND VAPOURS.

ALTHOUGH I had, some time ago, written to Lord
-^*-

Rayleigh to the effect that I did not intend to pro-
long the discussion of this question, it may perhaps be
expected that I should say a few words with reference to
Prof. Korteweg's paper in the last issue of Nature.

1. I do not agree with Prof. Korteweg's statement
that Van der Waals's method, if it could be worked
out with absolute rigour, would give the same result
as the direct method. There is but one way of dealing
with the virial equation :

— if we adopt it at starting
we must develop its terms one by one, and inde-

pendently. In this connection I may refer to Lord
Rayleigh's statement (Nature, 26/11/91) : "It thus ap-
pears that, contrary to the assertion of Maxwell, p is

subject to correction." I cannot admit that p is
"
cor-

rected"
;

it is not even changed either in meaning or in

value. It is introduced as, and remains (at the end of

any legitimate transformations of the equation) the value
of the pressure on the containing vessel. This, of course,
depends upon what is going on in the interior. Other
terms in the virial equation, which happen to have the
same factor, may be associated with

jz^
for convenience ;

they assist in finding its value, but they do not change
its meaning, nor do they

"
correct

"
it.

2. I do not think that much aid can be obtained by
analogy, at least in the present question, from the case
of one-dimensional motion. For the latter may be looked
on as virtually the to-and-fro motions between fixed
boundaries of a number of particles, each of which keeps
its speed forever unchanged, except at the moments when
two instantaneously pass through one another. From
this point of view the result of Lord Rayleigh and of
Prof. Korteweg follows at once. Make the particles
mere points, and diminish their free range by the suin
of their original lengths, and everything will go on prac-
tically as before. Can a corresponding statement be
made for three dimensions .? Agam, there is in the one-
dimensional case a perfectly arbitrary set of speeds,
which remains unchanged :

—there is nothing analogous
to the beautiful statistical distribution of Clerk-Maxwell.
And what would be the result if molecular forces were
introduced .''

3. Prof. Korteweg seems not to have noticed the fol-

lowing sentence in my second letter to Lord Rayleigh
(Nature, 29/10/91, p. 628) :—"The true mode of getting,
a cubic here . . . \i.e. in Prof. Korteweg's notation.

P^v =
^2(;/».2)

(^i
+ 1^ j

is to write /3/(t/
-

y) instead of ^Iv. This can, to a
certain extent at least, be justified ; the other method
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can not." I had, originally, added a sentence to the

effect that, if y be taken equal to ^, Van der Waals's

result would at once be obtained. But I struck it out as

irrelevant, because the discussion turned mainly upon
the question of the value of the free path at a volume

nearly equal to the critical volume. Here Van der

Waals expressly recognized that his b must be dimin-

ished in value. From my point of view, /3 (having been
determined once for all) is unchangeable ;

while y is

essentially less than ^, possibly even negative.
Prof. Korteweg takes a different view, and says that

the "true" formula is obtained by the process above
hinted at :

—i.e. by putting (with the preceding notation)

7 = ^.

4. Prof. Korteweg speaks of the equation written above
as •'

quite worthless." But, in all this discussion, where
the rival expressions differ only by the introduction or

rejection of terms of the order /S^'^- ; which, according
to Prof. Korteweg, make an equation "true" or "quite
worthless "

as the case may be :
—are we not introducing

an error, of that order at least, in calmly writing

A=/> +
.J,

instead of some such expression as

V{V + a)

We have, fortunately, one practical test at hand to help
in the decision of such questions. The introduction of the
form last written, certainly more likely to be approximate
than the first, renders the "

quite worthless
"

equation
capable of at least fairly representing the results of
.Andrews. The "true" equation, we know, does not

represent them. P. G. Tait.

Edinburgh, 21/12/91.

ON THE RELATION OF NATURAL SCIENCE
TO ART^

I.

"\ 1 /"E are assembled to-day in annual commemoration
* * of a man whose marvellous breadth of view and

extraordinary variety of interests are each time a fresh

surprise to us. It seems incredible that the same hand
could have penned the

"
Protogea" and the State-paper

adjudging the Principality of Neufchatel to the King of
Prussia

;
or that the same mind could have conceived the

infinitesimal calculus and the true measure of forces, as
well as the pre-established harmony and the " Theodicea."
A closer examination, however, reveals a blank in the

universality of his genius. We seek in vain for any con-
nection with art, if we except the Latin poem composed
by Leibnitz in praise of Brand's discovery of phosphorus.
We need hardly mention that his "Ars Combinatoria " has

nothing to do with the fine arts. In his letters and
works, observations on the beautiful are few and far

between ; once he discusses more at length the pleasure
excited by music, the cause of which he attributes to an

equable, though invisible, order in the chordal vibrations,
which "

raiseth a sympathetic echo in our minds." How-
ever, the world of the senses had little reality for Leibnitz.

With his bodily eye he saw the Alps and the treasures of
Italian art, but they conveyed nothing to his soul. He
was indifferent to beauty ;

in short, we never surprise
this Hercules at Omphale's distaff.

The same neglect, at least of sculpture and painting,

' An Address delivered by E. du Bois-Reymond, M.D., F.R.S., at the
annual meeting of the Royal Academy of Sciences of Berlin in commemora-
tion of Leibnitz, on July 3, 1890. Translated by his daughter. This Address
was first printed in the weekly reports (Sitzungsherichte) of the Berlin

Academy, then in Dr. Rodenberg's Deutsche Rundschau, and lastly it was
published as a separate pamphlet by Veit and Co., at Leipzig, 1891.
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strikes us in Voltaire, who as polyhistorian can in some
measure compare with Leibnitz. We are obliged to

descend as far as the third generation
—that is, to Diderot

in France, to Winckelmann and Lessing in Germany—
before we meet with a decided interest in the fine arts,

and an appreciation of the part they play in the progress
of civilization.

The period thus defined, though it excels in science,
shows with few exceptions a falling-off in the fine arts.

On considering the historical development of these two
branches of human productiveness, we find no corre-

spondence whatever between their individual progress.
When Greek sculpture was in its prime, science scarcely'
existed. True, Lionardo's gigantic personality, which
combines the immortal artist with the physicist of high

rank, towers at the beginning of the epoch generally
known in the history of art as the Cinquecento. Still, he

was too far in advance of his age in the latter capacity to

be cited as an example of simultaneous development in

art and science ; so little that Galilei was born the day of

Michael Angelo's death. The mutual development of art

and science at the commencement of our century is, I

believe, merely a casual coincidence ;
moreover the fine

arts have since been at the best stationary, whereas
science strides on victoriously towards a boundless future.

In fact, both branches differ too widely for the services

rendered to science by art, and vice versa.., to be other

than external.
"
Nature," Goethe very truly observed to

Eckermann—little thinking how harshly this remark
reflects on part of his own scientific work— " Nature
allows no trifling ;

she is always sincere, always serious,

always stern ; she is always in the right, and the errors

and mistakes are invariably ours." Fully to appreciate
the truth of this, one must be in the habit of trying one's

own hand at experiments and observations, while gazing
in Nature's relentless countenance, and of bearing, as it

were, the tremendous responsibility incurred by the state-

ment of the seemingly most insignificant fact. For every

correctly interpreted experiment means no less than this :

whatever occurs under the present circumstances, would
have occurred under the same conditions before an

infinite negative period of time, and would still occur

after an infinite positive period. Only the mathematician,
whose method of research has more in common with

that of the experimenter than is generally supposed,

experiences the same feeling of responsibility in presence
of Nature's eternally inviolable laws. Both are sworn
witnesses before the tribunal of reality, striving for know-

ledge of the universe as it actually is, within those limits

to which we are confined by the nature of our intellect.

However, there is a compensation for the philosopher,

labouring under this anxious pressure, in the conscious-

ness that the slightest of his achievements will carry him
one step beyond the highest reached by his greatest

predecessor ;
that possibly it may contain the germ of

vastly important theoretical revelations and practical

results, as WoUaston's lines contained the germ of spectral

analysis ; that, at any rate, such a reward is not only in

the reach of a born genius, but of any conscientious

worker
; and, finally, that science, by subduing Nature

to the rule of the human intellect, is the chief instrument

of civilization. No real civilization would exist without

it, and in its absence nothing could prevent our civiliza-

tion, including art and its master-works, from crumbling
away again hopelessly, as at the decline of the ancient

world.

This consciousness will also make up to the philosopher
for the thoughtlessness of the multitude, who, while en-

joying the benefits thus lavished upon them, hardly know
to whom they owe them. The country rings with the

name of every fashionable musical virtuoso, and

cyclopaedias insure its immortality. But who repeats the

name of him who achieved that supreme triumph of the

inventive intellect— to convey through a copper wire across
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far-stretching countries and over hill and dale the sound
of the human voice as though it spoke in our ear ?

" Life is earnest, art is gay
"

: this saying of Schiller's

remains as true if we substitute science for life. Art is

the realm of the beautiful
;

its productions fill us with an

enjoyment, half sensuous, half intellectual ; it is, therefore,
a realm of liberty in the widest sense. No rigid laws are
enforced in it ; no stern logic binds the events of the

present to those of the past and future ;
no certain signs

indicate success
;
blame and praise are distributed by the

varying taste of ages, nations, and individuals, so that the

glorious Gothic church architecture came to be derided

by the eighteenth century. In art, the definition of

genius as a talent for patience does not hold good. Its

creations, once brought forth in a happy hour of revela-

tion, stir our souls with elementary force, and scorn all

abstruse explanations, subsequently forced upon them by
art criticism. Whoever accomplishes such a feat also

ministers in a sense to the cares and troubles of

humanity. Unfortunately, the nature of things does not
allow such fruit to ripen at all seasons ; at one time, in

one direction, the culminating point will be reached, and
then age after age will strive in vain to emulate the past.
The finest aesthetic theories can neither carry the in-

dividual beyond the limits of his own natural powers, nor
retrieve the fortunes of a declining period. Of what use
has been the recent strife in the artistic world between
naturalists and idealists? Has it protected us from
the frequently almost intolerable extravagances of the
latter ? There is an attraction in every boldly advanced

novelty which the common herd is unable to resist, and
which will invariably triumph till antiquated ideas are
somehow supplanted by fresh ones, or by the lofty rule of
some irresistibly superior personality. Nor can science
in the stricter sense come to the aid of art ; and thus,

strangers at heart, without materially influencing each

other, each seeks its own way : the former advancing
steadily, though irregularly ; the latter slowly fluctuating
like a majestic tide. Those unfamiliar with science are

apt to recognize the supreme development of our mental
faculties in art alone. Doubtless this is a mistake ; yet
human intellect shines brightest where glory in art is

coupled with glory in science.

We may notice something here which is similar to

what occurs in practical ethics. The more corrupt the
morals of an age or nation, the more we find virtue a
favourite topic. The flood of aesthetic theories rises

highest when original creative power is at its lowest ebb.

Lotze, in his
"
History of ^Esthetics in Germany,"

^

gives
a wearying and discouraging account of such fruitless

efforts. Philosophers of all schools have rivalled in

abstract definitions of the essence of beauty. They call

it unity in multiplicity, or fitness without a purpose, or
unconscious rationality, or the transcendant realized, or
the enjoyment of the harmony of the absolute, and so
forth. But all these properties, which are supposed to

constitute the beautiful, have no more to do with our
actual sensation of it than the vibrations of light and
sound with the qualities they bring to our perception.
Indeed, it would be vain to attempt to find one term

equally fitted to describe all the varieties of the beautiful :

the beauty of cosmos as contrasted with chaos, of a
mountain prospect, a symphony, or a poem, of Ristori in

Medea, or a rose ; or even, taking the fine arts alone,
the beauty of the Cologne Cathedral, the

" Hermes" of

Praxiteles, the Madonna Sistina, a picture of still-life, a

landscape, a genre piece, or a Japanese flower design ;

not to mention the questionable custom which permits
us in German to speak of a beautiful taste or a beautiful

smell. Let us rather admit that here, as so often, we
meet with something inexplicable in our organization ;

something inexpressible, though not the less distinctly

NO.
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felt, without which life would offer a dull and cheerless

aspect.
In an essay of Schiller's there is a disquisition on

physical beauty.^ He distinguishes between an archi-

tectural beauty and a beauty which emanates from grace.
I attacked this aesthetic rationalism, to which the last

century was strongly addicted, twenty years ago on a
similar occasion in a lecture on Leibnitz's ideas in modern
science. I ventured to assert that

"
the attraction which

physical beauty exerts on the opposite se.xes can as

little be explained as the effects of a melody."'- On
reflection, it seems, indeed, incomprehensible why one
distinct shape, which, according to Fechner, might be

represented by a plain algebraic equation between three

variables, should please us beyond a thousand other

possibilities. The reason can be traced from no abstract

principle, no rules of architecture, not even from

Hogarth's line of beauty. A year after this remark was

made, Charles Darwin published his
" Descent of Man,"

in which the principle of sexual selection, only cursorily
treated in the

"
Origin of Species," is fully expounded,

and pursued in all its bearings. I remember vividly

how, in a discussion with Dove as to the necessity of

admitting a vital force, he embarrassed me by the

objection that in the organic world luxury occurs, for

example, in the plumage of a peacock or a bird of

Paradise
;
while in inorganic nature Maupertuis's law

of the minimum of action precludes such prodigality.
Here was a solution to the problem, allowing that one

might attribute to animals a certain sense of beauty.
The gorgeous nuptial plumage displayed by male birds

may have been acquired through the preference of the

female for more highly ornamented suitors, a progeny
of constantly increasing brilliancy of colouring being
thus obtained. Male birds of Paradise have been
observed to vie in showing off their beauty before the

females during courtship. The power of song in night-

ingales might be attributed to the same cause, the

female in this case being more susceptible to the charms
of melody than to those of brilliant colouring. Darwin
goes on to observe that, in the human race likewise,
certain sexual characteristics, such as the imposing beard
in man and the lovely tresses in woman, might have
been acquired through sexual selection.-* It is a well-

known fact that, by the repeated introduction of hand-
some Circassian slaves into aristocratic Turkish harems,
the original Mongol type in many cases has been

remarkably ennobled. And carrying the same principle
further, we may find therein an explanation for the
fascination which female beauty has for man. According
to our present views, the first woman was not made of a
rib taken out of the first man—a process fraught with

morphological difficulties. It was man himself who, in

countless generations, through natural selection, fashioned
woman to his own liking, and was so fashioned by her.

This type we call beautiful, but we need only to cast a

glance at a Venus by Titian, or one by Rubens—let

alone the different human races—to recognize how
little absolute this beauty is.

If one kind of beauty could be said to bear analyzing
better than another, it is what might be termed
mechanical beauty. It is noticed least, because it

escapes all but the practised eye. This kind of beauty
may belong to machines or physical apparatus, each

part of which is exactly fitted to its purpose in size,

shape, and position. It answers more or less to the
definition of

" unconscious rationality," our satisfaction

' '' Ueber Anmuth und Wiirde."
^ The author's "Collected Addresses, &c.," vol. i., pp. 49, 50, Leipzig,

1886.
3 The author is not unaware of Mr. Wallace's attack on Darwin's ex-

planation of the brilliant plumage of male birds by the females' preference,
and of the discussion arisen between him and Messrs. Poulton. Pocock. and
Peckham. This was not the proper place to enter into it, the less so as,
whatever may be its outcome, the author's conclusion from the theory of
sexual selection would r-main unaltered.
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evidently proceeding from an unconscious perception
of the right means havin^ been employed to combine

solidity, lightness, and, if necessary, mobility, with the

greatest possible profit in the transmission of force,

and the smallest waste of material. A driving-belt
is certainly neither attractive nor unattractive ;

but it

pleases the " insus eruditus" to see a connecting-rod
thicken from the ends towards the middle, where it has

to bear the greatest strain. Of course this kind of

beauty is of recent origin. I remember Halske telling
me that, as regards the construction of physical and
astronomical instruments, it was, to his knowledge, first

understood and e.'itablished as a principle in Germany
by Georg von Reichenbach in Munich. Berlin and
Munich workshops produced instruments of perfect
mechanical beauty at a time when those supplied by
France and England were still often disfigured by
aimlessly ornamented columns and cornices, unpleasantly

recalling the impure features of Rococo furniture and
architecture.

I forget which French mathematician of the last century,
in sight of the cupola of St. Peter's at Rome, tried to

account for the sense of perfect satisfaction it gives to

the eye. He measured out the curves of the cupola, and
found that, according to the rules of higher statics, its

shape supplies the exact maximum of stability under the

given circumstances. Thus Michael Angelo, guided by an

unerring instinct in the construction of his model (the

cupola was not erected till after his death), unconsciously
solved a problem the true nature of which he could

hardly have understood, and which was even beyond the

reach of the mathematical knowledge of his age. Ap-
parently, however, there are several roots to this equation
of beauty ;

at least there is one other type, for which I

quote the cupola of Val de Grace in Paris, which, if

not as imposing, is quite as gratifying to the eye, as

Michael Angelo's.
It will be observed that in this case mechanical beauty

becomes part of the art of architecture ;
and instances of

this kind are daily growing more frequent, our modern
iron structures being more favourable to its display than
stone buildings. In the Eiffel Tower we see mechanical

beauty struggling with the absence of plastic beauty. On
this occasion it was probably revealed for the first time
to many who hitherto had no opportunity of experiencing
its effect. It is certainly not wanting in the new Forth

Bridge. There is no doubt, however, that in stone

structures too, together with much that pleases from
habit or tradition, there are certain features which

evidently attract through mechanical beauty
—such as the

outline of the architectural members of a building, or the

gentle swelling and tapering of the Doric column towards
the top, and its expansion in the echinus and abacus

; and
there are others which offend a refined taste through the

absence of this beneficial element, such as the meaning-
less ornamentations of the Rococo style.

Even in organic nature mechanical beauty prevails to

such an extent that it transforms many objects into a
source of delight and admiration to the initiated, which
are naturally repulsive to the untrained eye. Anatomists

recognize it with pleasure in the structure of the bones,

especially of the joints. In their opinion the " Dance of

Death "
outrages good taste from more reasons than

because it differs from the classical conception of death.

Mechanical beauty was already perceived by Benvenuto
Cellini in the skeleton, much to his credit ;

and but for

our imperfect knowledge, it would invest with its glory

every organic form, down to the inhabitants of the

aquarium, even under the very microscope. According
to Prof. Schwendener, even plants are constructed on the

same principle of fitness combined with thrift
;
and some-

thing of this we feel at sight of a spreading oak-tree,

proudly distending its vigorous branches towards air and

sunlight.
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Again, our appreciation of the forms of animals,

especially of noble breeds, is greatly influenced by
mechanical beauty. The greyhound and the bulldog,
the full-bred race-horse and the brewer's dray-horse, the

Southdown and the Merino sheep, the Alpine cattle and
the Dutch milch-cow, all are beautiful in their kind

;
even

though a bulldog or a Percheron may appear ugly to the

uninitiated, because in each the type of the species has
been modified to the utmost degree of fitness.

Though science is unable, as we have seen, to check
the occasional decline of art and inspire it with fresh

vigour, yet it renders invaluable services of a different

kind to artists, by increasing their insight, improving
their technical means, teaching them useful rules, and

preserving them from mistakes. I do not allude to any-

thing so primitive as the manufacture of colours or the

technique of casting in bronze ;
the less so, as, curiously

enough, our modern colours are less durable than those of

entirely unscientific ages, and the unsurpassed thinness of

the casting of Greek bronzes is regarded as a proof of

their authenticity. Nor does it seem necessary to recall

the notorious advantages of this kind for which art is

indebted to science. Linear perspective was invented by
Lionardo and Diirer—artists themselves. It was followed

by the laws of reflection—unknown to ancient painters, as

would appear from the Pompeian frescoes of Narcissus—
and by the geometrical construction of shadows. I'he

rainbow, which had better not be attempted at all, has

been sinned against cruelly and persistently by artists, in

spite of optics. Statics furnished the rules of equilibrium,
so essential to sculptors. Aerial perspective, again, owes
its development to painters chiefly of northern climates.

But to this fundamental stock of knowledge the pro-

gress of science has added various new and important

acquisitions, which philosophers, some of first-rate ability,

have endeavoured to place within the reach of artists.

The great masters of by-gone ages were taught by instinct

to combine the right colours, as women of taste, accord-

ing to John Miiller, always know how to blend the right

shades in their dress
;
and Oriental carpet-weavers have

not been behindhand with them in that respect. But

the reason why they unconsciously succeed was not

revealed till the elder Darwins, Goethe, Purkinye, John
Miiller, and others, called into existence a subjective

physiology of the sense of sight. A member of this

Academy,' Prof, von Briicke, in his
"
Physiology of

Colours" 1 and "
Fragments from the Theory of the Fine

Arts in relation to Industrial Art,"- treats these subjects

with such intimate knowledge as could only lae obtained

by one who enjoyed the rare advantage of combining

physiological learning with an artistic education acquired
in his father's studio. In France, Chevreul pursued
similar aims. Even Prof, von Helmholtz, in his popular

lectures, has devoted his profound knowledge of physio-

logical optics, to the service of art, which already owes

him important revelations on the nature of musical

harmony. Amongst other things, he explained the rela-

tion between the different intensities of light in objects of

the actual world and those on the painter's palette ;
and

pointed out the means by which the difficulties arising

therefrom may be overcome.^ Thus painters, as von

Briicke remarks, have it in their power to reproduce the

dazzling effect of the disk of the sun by imitating the irra-

diation—a defect of our visual perception the true nature

of which was recognized by von Helmholtz. An example
of this, interesting through its boldness, is the lovely

Castell Gandolfo in the Raczynski gallery.

There are so many and striking instances of such

imperfections of the human eye that, notwithstanding its

marvellous capabilities, von Helmholtz has observed that

"he would feel himself justified in censuring most severely

I 2nd edition, Leipzig, 18S7.
"

Leipzig, 1877.
3 Prof, von Helmholtz, "Collected Essays and Addresses, voL 11.,

Brunswick, 1884.
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the careless workmanship of an optician who offered him
for sale an instrument with similar defects, and that he
would emphatically refuse to take it." The eye being
the chief organ of artists, its defects are of great im-

portance in art and its history, and artists would do well
to inform themselves, not only on these defects in general,
but more particularly on those which they, in their own
persons, are subject to ; for, as Bessel remarked of

astronomical instruments,
" an error once well ascertained

ceases to be an error."

Our conception of the stars as stars, in the shape
adopted symbolically by decorative art, is caused by a
defect of the eye closely related to irradiation

;
stars

being luminous spots in the sky without rays, as they
actually appear to a privileged few. Prof. Exner,
whose line of thought we shall repeatedly cross in the
course of these reflections, justly remarks that to this

imperfection the stars conferred by Sovereigns as marks
of distinction owe their origin, and star-fishes their name,
even since Pliny's time. The different varieties of halo,

however, are more probably free-born children of our

fancy—from the Byzantine massive golden disk, down to

the mild phosphorescence proceeding from holy heads
and in Correggio's

"
Night

" from the entire child, which
illumines the scene with a light of its own. According
to Prof. Exner, glories of the latter description are
derived from the radiance which surrounds the shadow
of one's own head in the sunshine on a dewy meadow,
and which in fact has always been compared to halos
in religious pictures. This phenomenon even misled
Benvenuto Cellini into the pious delusion that it was a gift

granted him individually from above, and a reflection of his

visions, such as Moses brought down from Mount Sinai.
^

Certain otherwise quite inexplicable peculiarities which

disfigure the later works of the distinguished landscape-
painter Turner have also been traced to defects of the

eye by Dr. Richard Liebreich.- Clouded lenses or a high
degree of astigmatism might easily lead a painter to

distort or blur objects he was copying from nature.
Donders's stenopeic spectacles or cylindrical spectacles,
as the case might be, would prove as useful to such an
artist as concave glasses to the shortsighted.
The singularities of another English painter, Mulready,

are accounted for by Dr. Liebreich through discoloration
of the lens from old age. Another defect of the eye

—
colour-blindness—ought to be mentioned here, which
in its milder forms is of frequent occurrence, and even

belongs to the normal condition of the eye on the borders
of the field of vision. It corresponds in the domain of

hearing to the want of musical ear. Colour-blindness was
known long ago, but has been inquired into with re-

doubled zeal latterly, partly with regard to its general
connection with chromatics, partly on account of its

serious practical consequences in the case of sailors,

railway officials, and, as Dr. Liebreich adds, of painters.
Both colour-blindness and want of ear are inborn defects,
for which there is no remedy. A colour-blind artist is,

however, better off than a musician without an ear, if

such a one were imaginable, for, even if he neglected the

modelling stick and the chisel, he might still seek his

fortune in the designing of cartoons.
It is difficult to determine the particular point where

optical knowledge ceases to be of use to artists. None
will repent having studied the laws of the movement of
the eyes, the difference between near and distant vision,
and the observations on the expression of the human eye
contained in John Midler's early work on "

Comparative
Physiology of Sight." Yet it must be admitted that a

painter may paint an eye exceedingly well without ever

having heard of Sanson's images, which cause the soft

lustre of a gentle eye as well as the fierce flash of an

' "Vitadi Benvenuto Cellini, scritta dalui medesimo,"libro primo, cxxvii,
- "Turner and Mulready : the Effect of cenam Faults of Vision on Paint-

ing, &c.," London, 1888.
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angry one
;
as little as the blue sky of a landscape painter

will gain by his knowledge of the yellow brushes in every

great circle of the heavenly vault which passes through
the sun—a phenomenon which has remained unnoticed
for countless ages, but has grown familiar to physiologists
since Haidinger's discovery.
One point, however, where physicists seem to me not

to have been sufficiently consulted, is the much-debated

question of polychrome in ancient statues and architecture,
and whether it should be adopted by modern art or not,

Physical experiments teach that very intense illumination

causes all colours to appear whitish
;
in the spectrum of

the sun, seen immediately through the telescope, the

colours vanish almost entirely, nothing remaining except
a light yellow hue in the red end. As the colours grow
whitish the glaring contrasts are softened, they blend
more harmoniously. In the open air, therefore, our eye is

not shocked by the scarlet skirt of the contadina, which
recurs almost as invariably* in Oswald Achenbach's

Campagna landscapes, as the white horse in Wouver-
manns's war scenes. The Greek statues and buildings

may have looked well enough with their glaring
decorations under the bright southern sky on the

Acropolis or in the Poikile ;
in the dull light of our

northern home, above all in closed rooms, they are some-
what out of place.

In another direction Wheatstone has added valuable

information to the knowledge of painters and designers
with his stereoscope. It demonstrates the fundamental
difference which distinguishes binocular vision of near

objects from monocular vision, as well as from binocular

vision of objects so far removed that the distance between
the eyes vanishes as compared with their distance. An
impression of solidity can only be obtained by each eye

getting a different view of an object, the two images being
fused into one, so as to appear solid. A painter can
therefore only express depth by shading and aerial per-

spective ; he will never be able to produce the impression
of actual solidity on his canvas. While Wheatstone's

pseudoscope exhibits the unheard-of spectacle of a con-

cave human face, Helmholtz's telestereoscope magnifies,
as it were, the space between the eyes, and resolves a far-

off range of woods or hills without aerial perspective into

its different distances. Finally, Halske's stereoscope with

movable pictures confirms old Dr. Robert Smith's

explanation of the much-debated circumstance that the

sun and moon on the horizon appear larger by almost a

fifth of their diameter than when seen in the zenith, and
reduces the problem to the other question : why the

vault of the sky appears to us flattened instead of

hemispherical.
However, the almost contemporary invention of photo-

graphy was destined to be of vastly greater importance to

the fine arts. It had always been the dream of artists

as well as physicists to fix della Porta's charming pictures—a dream the realization of which did not seem quite

impossible since the discovery of chloride of silver. One
must have witnessed Daguerre's invention, and Arago's

report of it in the Chamber of Deputies, to conceive

the universal enthusiasm with which it was welcomed.

Daguerre's method, being complicated and of restricted

application, was soon cast into the shade by the one still

essentially practised at the present day. However, it is

worth recording that, when the first specimens, imperfect
as they were, reached us from England, no one foresaw

the immense success in store for Talbotypes ; on the

contrary, the change from silver-coated plates to paper

impregnated with the silver salt was received with doubt,
and considered a retrogression.
Thus photography entered on its marvellously vic-

torious career. With respect to art it promptly fulfilled

what Arago had promised in its name. It not only
facilitated the designing of architecture, interiors, and

landscapes, and rendered the camera clara unnecessary
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even for panoramas, but also furnished many valuable
hints with regard to light and shade, reflection and
chiaroscuro, and the general means of reproducing as

closely as possible on a level surface the raised appear-
ance of solid forms. A competent judge of both arts

might find it an interesting task to ascertain what share

photography has had in the origin of the modern schools
of painting, and in the manner of impressionists and
pleinairists. It further taught landscape-painters to

depict rocks and vegetation with geological and botanical

accuracy, and to represent glaciers, which hitherto had
been but rarely and never successfully attempted. It

caught and fixed the changing aspect of the clouds,
though only yielding a somewhat restricted survey of the
heavens. It aided portrait-painters without exciting their

jealousy ; for, unable to rival them in representing the

average aspect of persons, it only seized single, often

strained and weary expressions, rendering almost pro-
verbial the comparison between a bad portrait and a

photographed face ; nevertheless it supplied them on

many occasions with an invaluable groundwork, lacking
nothing but the animating touch of an artist's hand.

However, the recent progress of photographic portraiture
claims the attention of artists in more than one respect.
Duchenne and Darwin called into existence a new
doctrine of the expression of the emotions ; the former

by galvanizing the muscles of the face, in order to

imitate different expressions, the latter by inquiring into

their phylogenetic development in the animal series.

Both presented artists with photographs which quickly
consigned to oblivion the copies hitherto employed for

purposes of study in schools of art, dating chiefly from
Lebrun

; even the sketches in Signor Mantegazza's new
work on "Physiognomy and Mimics" will scarcely
enter into competition. On Mr. Herbert Spencer's
suggestion, Mr. Francis Galton subsequently solved by
the aid of photography a problem, which was previously
quite as inaccessible to painters as the representation of

an average expression to photographers. He combined
the average features of the face and skull of a sufficient

number of persons of the same age, sex, profession,
c^alture, or disposition to disease or vice, in one typical

portrait, which exhibits only those characteristic forms
common to their various dispositions. This was effected

by blending on one negative the faint images of a series

of persons belonging to the same description. In the
same manner, Prof. Bowditch, of Harvard Medical School,
Boston, obtained the representative face or type of Ameri-
can students of both sexes, and of tramway conductors and
drivers. In the latter instance, the intellectual superiority
of the conductors over the drivers is plainly visible. How
Lavater and Gall would have relished this !

Of course the average expression of a single person
might be procured by similar means, if it were worth
while summing up on the same plate repeated photo-
graphs of different expressions. Instantaneous photo-
graphy, however, furnishes a welcome substitute for the

average expression, by seizing with lightning swiftness

the changing phases of the human countenance in their

full vivacity. Here, again, pathology places itself at the

disposal of art. M. Charcot has found that photographs
of the convulsions and facial distortions of hysterical

patients resemble our classical representations of the

possessed. Raphael's realism in this respect is perhaps
the most curious of all, being so much at variance with

his idealistic nature. In the possessed boy of the
"
Transfiguration," a cerebral disease can be almost safely

inferred from the Magendie position of the eyes ;
and

the circumstance, recently observed in New York, that

the left hand is depicted in a spasm of athetosis, would
accord well with this diagnosis.^

{To be continued.^
' Sachs and Petersen, "A Study of Cerebral Palsies," &c., Journal of

Nervous and Mental Diseases, New York, May 1890.
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TELESCOPIC OBJECTIVES^
T T is a frequent source of disappointment to observers,
-*

especially beginners, to find that their instruments
fail to answer to the tests which are so commonly found
in astronomical text-books. It may be that the instrument
in question is really an imperfect one

;
but if it be the

work of a maker of repute, it is more probable the fault

lies in the absence of proper adjustment, more especially
if, for some reason or other, no responsible person is able
to superintend the final fixing in position. The informa-
tion hitherto published on the subject of adjustment, and
the phenomena which accompany the various defects of
an objective, is very scanty ;

and observers of all classes
will therefore welcome the appearance of the little book

recently issued by Messrs. T. Cooke and Sons, the well-

known firm of telescope makers The book is the best

testimony that one could wish for as to their thorough
knowledge of their business, and it abundantly demon-
strates that they are worthy of the confidence which
astronomers have long placed in them. The benefit ot

their wide experience is now available to all, and observers
need no longer remain in doubt as to the quality of their

objectives, or of the course to be pursued in tracing the

defects to their proper sources.

For full particulars of the methods to be adopted we
must refer our readers to the book itself, but many of the

points touched upon are of great interest, considered

simply as optical phenomena, and a brief reference to

some of them may not be out of place.
It is a matter of common knowledge that, owing to the

undulatory nature of rays of light, the image of a luminous

point, such as a star, must always be a small disk, the

diameter of which varies in inverse proportion to the

aperture of the objective. This "spurious disk" is sur-

rounded by a series of diffraction rings, which gradually
diminish in intensity away from the centre.

The calculations of Sir George Airy
'^ show that the

angular radii of the rings, in circular measure, are given

by the formula —
,
where X is the wave-length of the

277^

light-rays in question, e the radius of the objective, and
n a constant which depends on the distance from the

centre. The first dark ring occurs when n —
3'83, the

second when n =
7' 14, and the third when n = lo'iy.

Hence, the angular radius of the first dark ring, which is

really the boundary of the spurious disk, may be easily

^ ^. —
,
or -

2'iTe 2e

The rings are brightest when n = 5*12, 8"43, and li"63,

with intensities respectively about 1/57, 1/240, and 1/620
of that at the centre.

If s be the angular radius in seconds of arc, as viewed
from the centre of the objective, the formula becomes

and if X for mean rays be taken as "000022 inch,

n = 1*3846 X es.

For the first dark ring, therefore,

s = - 1'^3 = 276
I "3846^ e

Messrs. Cooke put these expressions in the form—
2x1 *22A

Angulardiameterof firstdarkringincircularmeasure= ,

derived from the formula

Linear diameter of first dark ring =
2F X I'22A.

where A = aperture, and F = focal length.
For a square aperture the conditions are different, and

' " On the Adjustment and Testing of Telescopic Objectives." (T. Cooke
and S"ns, Buckingham Woiks, York.)

* "
Undulatory Theory of Optics," 1877 edition, p. 80.
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the size of the first dark square is given by the formula
2XF
A

'

Some interesting facts given by Messrs. Cooke show
the remarkable agreement between the theoretical and
observed values of these diameters. "A 6-inch objective,
of 91 inches focal length, was directed to a bright star,

and the objective cut down, in the first place, to a square
aperture, i '5 inches diameter. The mean of four mea-
surements gave the diameter of the first dark ring (in this

case square in shape) as '0027 inch, while the formula

(where X = 1/45600 inch) gives '00266 as the theore-

tical value. A circular aperture, diameter i'22 inches,
was then placed in front of the objective, when the mean
of four measurements gave a diameter of '0039 for the

first dark ring, while the formula
2F X I'22A

gives a value

of "0040" (p. 31). "The diameter of the first dark ring,
as depicted with the whole aperture of 6 inches in use,
was also measured as nearly as its minute size would

allow, the measurement obtained ranging about '0008

(subject to an error of perhaps 10 per cent.), while the

value given by the formula '^ ~ — is •00081
"

(p. 32).
j\

As the spurious disk fades away into the first dark ring,
its apparent diameter will depend on the intrinsic bright-
ness of the star observed, and also to some extent on
irradiation. Hence the necessity for measuring the rings,
and not the " disks " themselves.
An important fact follows from the application of these

considerations, for on the apparent diameter of the

spurious disk depends the dividing power of the ob-

jective. If the diameter of the star disk—which may,
on the average, be taken as half that of the first dark

ring
—be greater than the distance between the com-

ponents of a double star, the telescope must obviously
fail to divide it, no matter what may be the power of the

eye-piece employed.
" In all objectives having their

focal lengths equal to fifteen times the aperture, the

linear diameter of the spurious disk may be said to

average '0004 inch, or about 1/2500 inch. With 6
inches aperture this corresponds to an angular dia-

meter of o'9 second, and in a 12-inch aperture to

o'45 second. So these respectively represent the divid-

ing powers of such apertures upon double stars of

average brightness" (p. 31). For similar apertures, the
values given by Dawes for stars in which both compo-
nents are of the sixth magnitude are o"76 and o"'38

respectively. To reduce the star disks to the extent

necessary for the separation of the components of the

spectroscopic binary (i Aurigae (the angular distance being
about o"'oo5), an object-glass no less than 80 feet in

diameter would be required.
The images of a star with the diffraction rings as

yielded by a sensibly perfect objective are shown in Fig.
\} Fig. I, (2, represents the focused disk and ring system
seen under a high magnifying power ; i, b, and i, c, are
sections of the cone of rays taken very near to and on

opposite sides of the focus, also seen with a high power ;

and I
, (f,

is a section taken about \ of an inch on either side

of the focus, and viewed with a moderate power.
Before this perfection of image can be realized, we

gather that the objective must satisfy the following con-
ditions :

—
(i) The optic axes of the flint and crown glass

lenses should be coincident. (2) This common axis

should pass through the centre of the eye-piece. (3) The
dispersions of the flint and crown should neutralize each
other for the most visible rays of the spectrum. (4) There
should be no spherical or zonal aberration. (5) The
lenses should be free from astigmatism.

' The diagrams are reproduced with the permission of Messrs. Cooke.
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The second of these adjustments is practically the only
one over which the observer himself has any control, and
he must remain contented with the means of ascertaining

Fig. I.—Diagrams showing spurious disk and diflfraction rings seen with
a perfect objective.

how far his objective satisfies the remaining conditions

enumerated.
The process of testing an objective is considerably

complicated by the imperfections of the eye as an optical
instrument. Its want of achromatism when the full

aperture of the pupil is used may frequently lead the

observer astray in making observations in which colour

effects are to be noticed. This defect is demonstrated,
as pointed out on p. 14, by the fact that coloured fringes
are observed to surround the image of a star seen in the

open field of a reflector, of the perfect achromatism of

which there can be no question. A sound practical hint

accompanies this statement. The use of a power from

50 to 70 times the aperture in inches is recommended for

purposes of testing, in order that the pencil of rays entering
the pupil may be reduced

;
for if the power be equal to

or less than the quotient of the diameter of the objective
and the diameter of the pupil, the full aperture of the

pupil is utilized, and the defect is consequently at its

maximum.
Colour-blindness, of which no mention is made by

Messrs. Cooke, is also common, and it is obvious that no
colour-blind eye is. competent to make tests depending
on colour phenomena.

Astigmatism, too, is not an uncommon defect, the rays
falling along one diameter of the lenses of the eye being
refracted in a greater or less degree than those falling

along the direction at right angles. Oculists combat this

by supplying compensating astigmatic lenses as spectacles ;

and unless such compensation be perfect, an astigmatic
eye must clearly be disqualified from making some of the
test observations.

Another complication arises on account of atmospheric
dispersion (p. 18). This, of course, is at its maximum
for stars on the horizon, and the image of such a star

would appear to have a red fringe on the upper and a

green or blue fringe on the lower side, even in the most
perfect telescope, unless a compensating eye-piece be
used. Hence the importance of selecting stars of con-
siderable altitude for purposes of adjustment and testing.

Further, the Huyghenian and Ramsden eye-pieces,
which are almost universally used, are not achromatic in

the strict sense of the term, and the eye-piece used for

testing should therefore not be selected at random (p. 13).

Bearing these facts in mind, one may proceed to test

the adjustments referred to.

(i) Any difference in the position of the axes of the

component parts of the objective will cause the combina-
tion to act somewhat in the manner of an object-glass

prism, such as is used in photographing stellar spectra,
and the image of a star seen under such maladjustment
will appear as a spectrum. The red end of the spectrum
will obviously lie on the side towards which the flint is

displaced with regard to the crown lens, an effect which
is most noticeable when the eye-piece is racked within
the focus (p. 17).
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(2) This adjustment is technically called
"
squaring

on," and is usually provided for in telescopes over 3
inches in aperture. If the optic axis of the objective
does not pass through the centre of the eye-piece, the

diffraction rings which are seen when the star is out

of focus, will appear oval, and the focused image will be

fan-shaped (p. 8). This follows from the fact that we are

dealing with an oblique section of the cones of rays from
the object-glass, and the rings will be most expanded and
dimmest on the side which is furthest from the object-

glass.

Fig. 2, a, represents the rings seen when the star is out

of focus in the case of an objective seriously out of

square, and Fig. 2, b^ the corresponding focused image.

(3) Ordinary objectives should be so corrected that all

the rays between C and F of the spectrum are brought
to a common focus, these being the rays to which the

Zonal aberration, in which different parts of the ob-

jective have shghtly different foci, modify the ring
systems in a very remarkable fashion. In this case, the

rings will not gradually diminish in intensity, but will vary

according to the degree of imperfection. Figs. 4, rt,and 4, b,

show a good example of this, being sections taken within
and outside the focus respectively.

(5) The effect of astigmatism in the objective will be

Fig. 4.
—Effects of zonal aberration.

Fig. 2.—Appearances observed when the objective is out of square.

retina is most sensitive. When this is done the objective
is

"
over-corrected," and the rays less refrangible than C

are brought to a shorter focus, while those more re-

frangible than F are focused at a greater distance outside.

Hence, supposing a white star like Vega is observed, the

focused image should be surrounded by an almost im-

perceptible blue fringe. A little way within the focus the

image should show a reddish nucleus, and outside the

focus a bluish centre should be observed. The effect of

the colour of the star observed must be carefully guarded
against (p. 16), and an eye-piece of sufficient power should
be employed, for the reason already stated.

A good method of testing for achromatism is to focus

the image of a star on the slit of a spectroscope. If the

image be perfectly achromatic, as in the case of a re-

flector, the spectrum seen will be a line of uniform thick-

ness. Any departure from this will be indicated by local

toi^produce ellipticity in the rings, a very decided example
of which is shown in Fig. 5.

Fig. 5, a, is a section taken within the focus, and Fig. 5, b,

a section taken at the same distance outside. The com-
bined effects of an astigmatic objective and an astigmatic

eye may obviously be very variable.

Other causes may also operate in the modification of

a b

Fii;. 5.
—

Elliptic rings produced by astigmatism.

the diffraction rings, and some good examples are given
The effects of the flexure of a lens supported on three

points, for instance, are admirably shown in Fig. 6, a.

Those who have seen photographs in which bright stars

appear with their conventional rays will now have no

difficulty in understanding their origin. They depend
simply upon the distortion of the lens or mirror with which

Fig. 3.
—Appearances due to spherical aberration

widenings of the spectrum. With an ordinary objective,
the spectrum should be a narrow line from C to F,

widening out at each end.

(4) The absence of proper correction for spherical
aberration produces very interesting features in the

diffraction rings, some of which are admirably shown by
the diagrams which are reproduced in Figs. 3, a, and 3, b.

These represent sections of the cone of rays within and
outside the focus respectively in the case of a lens in

which there is positive aberration—that is, in which the

rays from the outer parts of the object-glass come to a

shorter focus than the central rays. In the first figure the

concentration of light in the outer ring is the chief

characteristic, while in the second the central ring is

relatively brighter.
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Fig. 6.—Diagrams showing effectsdue to (a) flexure; {b and c) strain in

cell ; ((/) veins in objective.

the photograph was taken, and the number of rays will

correspond to the number of points of support.
An objective which is strained in its cell, but properly

squared on, may produce a distortion of the rings similar

to that shown in Fig. 6, b. A more violent case of

mechanical strain is shown in Fig. 6, c, and the presence
of veins of unequal refractive power may affect the rings

somewhat in the manner shown in Fig. 6,d.

A. Fowler.
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NOTES.
A NUMBER of very remarkable letters and hitherto unedited

memoirs of the great Swedish chemist Carl Wilhelm Scheele,

who died in 1786, are to be published under the direction of

Baron Nordenskiold. The work will fill about 500 pages octavo,
of the same size and print as Wilson's " Life of Henry Caven-
dish" (London, 1 851). The Baron is considering the question
of bringing out an Anglo-American edition of the work. As
editor he may not be quite impartial, but he is persuaded that in

importance and interest the book will be unsurpassed in historico-

chemical literature. He hopes also to obtain permission to

consult some of the papers on chemistry left behind by Caven-
dish. For instance, he would like to know if the date assigned

by the Rev. Vernon Harcourt to Cavendish's researches on
arsenic (Report of the Ninth Meeting of the British Association,
held at Birmingham, 1839, p. 50) is exact, or if any error affects

the determination of the date. Where are these papers at present

deposited ? Are they accessible to a foreign student ?

We understand that the Professorship of Descriptive Geometry,
Mechanical Drawing, Machinery, and Surveying, in the Royal
College of Science, Dublin, will almost immediately become
vacant by the retirement of Prof. Pigott, we regret to say on the

ground of ill-health. The salary of the chair is ;[C400, rising to

;^5oo a year with a share of fees. The appointment rests with
the Lord President of the Council, and applications, with testi-

monials, should be addressed to the Secretary, Science and Art

Department, London.

The death of C. X. Vaussenat, the Director of the Observa-

tory on the Pic du Midi, is announced. Quite recently he
received from the Societe Nationale d' Agriculture de France its

large gold medal for the eminent services rendered by his ob-

servatory to agriculture. The idea of building an observatory
on the Pic du Midi was due to General de Nansouty, but in

working out the plan the General owed much to the enthusiastic

co-operation of M. Vaussenat. When the institution was made
over to the State, General de Nansouty became honorary
director, M. Vaussenat effective director. M. Vaussenat was an

engineer, and had devoted much time to the study of geology.

Paul Hunfalvy, whose death is recorded by Austrian

journals, was recognized as the most eminent Hungarian ethno-

grapher and philologist. He was the author of many papers
on the relation of the Magyar language to the Finnish, but

especially to the Ugrian languages, and on the original seats

of the Finnish- Ugrian peoples. In a book describing his travels

in the Baltic Provinces he had much that was interesting to say
about the Esthonians ; and to a series of works on the races of

the Austro-Hungarian Monarchy he contributed a volume on
" The Hungarians or Magyars."

An Ethnographical Exhibition is to be held at Prague in 1893.
The objects exhibited will relate to the life of the Slavonic

population of Bohemia, Moravia, and Silesia.

The U.S. Patent Office proposes to exhibit at the Chicago
Exposition a comprehensive array of models to illustrate the

progress of mechanical civilization. One group of models will

show the progress of the printers' art from Gutenberg's in-

vention to the latest rotary perfecting and folding printing

press, capable of turning out newspapers at the rate of many
thousands per hour. Other groups will show the development
of the steam-engine, sewing-machine, agricultural machinery,

applications of electricity, &c.

According to Electricity, a Chicago journal, Messrs. Siemens
and Halske, the well-known German firm of electrical engineers
and manufacturers, propose to outdo all their competitors in the

extent of their exhibit at the World's Fair. Herr Carl Vogel,
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the managing director of the firm, recently went to Chicago to

make the necessary arrangements. He asked for a special

building, but the Committee on Electricity decided that space

could not be granted outside the regular buildings. The Depart-
ment of Electricity has, however, oflfered to Messrs. Siemens

and Halske 20,000 square feet in the electricity building, and

10,000 square feet in the power house, and it is thought that this

offer will be accepted.

A POST-GRADUATE course of study in electrical engineering,

lasting two years, has for some time been in successful operation

at the School of Mines, Columbia College, New York. An

undergraduate course of four years in the subject has just been

established at the same institution. Admission will be given

only to those who pass the entrance examinations which are

necessary for the courses in mining, engineering, civil engineer-

ing, chemistry, architecture, &c. The first two years of the

new course will cover the preparatory work in mathematics,

physics, chemistry, mechanics, and other subjects required for

admission to the post-graduate course. During the last two

years students will receive a thorough training in electrical

engineering proper. The course will begin in October 1892.

Those who satisfactorily pass the examinations at the end of the

course will receive a degree of electrical engineer.

The Journal of the Society of Arts is printing a very interest-

ing series of Cantor Lectures, by Mr. A. P. Laurie, on pigments
and vehicles of the old masters. Mr. Laurie has for some years

been studying the literature of this subject ; and, having tested the

statements contained therein, as far as he could, by experiments
in the laboratory, he thinks he has succeeded in clearing up a

few points and answering a few questions. He deals with the

subject under three heads : (i) the preparation of the painting

surface
; (2) the pigments, their preparation and properties ; (3)

the mediums.

The Adelsberg Cave, with all its recently-discovered side-

caverns, has lately been carefully surveyed, in accordance with

the instructions of the Austrian Minister of Agriculture, Count

Falkenhayn, In the course of the operations some very beauti-

ful parts of the cave, which could formerly be reached only with

the greatest difficulty, were made easily accessible. An elaborate

plan has been deposited in the office of the Minister of Agri-

culture, and it is hoped that copies of it, on a reduced scale,

may be issued to the public.

Mr. W, Brandford Griffith, writing from Iver, St.

Elizabeth, Jamaica, says that a very perceptible, not to say

alarming, shock of earthquake was felt throughout Jamaica

early on the morning of October 27. At Kingston the shock

was felt at 1.35 a.m., and the disturbance then seemed to be

travelling in a direction north-east by north.

Mr. G. Jervis gives in the December number of the Mediter-

7'anean Naturalist an interesting sketch of the geology of Pan-

telleria, to which attention has recently been called by the sub-

marine eruptions off its coast. Mr. Jervis refers to the fact that,

like Ischia, Pantelleria possesses thermo-mineral springs, highly

mineralized, which might become of much therapeutic and

economic importance. The Romans and Arabs, if not earlier

peoples, seem to have thoroughly appreciated the value of these

springs ;
but in modern times they have been neglected. Mr.

Jervis suggests that the Governor of Malta should despatch
one or two medical men to Pantelleria at the public expense at

the proper season to study the curative effects of the thermo-

mineral waters, and to plan the most practical and efficient

method of sending patients there during the summer. It is

thought that many military men, suffering from a variety of

chronic complaints incident to their rough mode of life and
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rapid transfer from one climate to another, would be glad to

visit the island, especially if they could combine to obtain steam

communication occasionally with Malta.

The Meteorological Office of Paris has recently published its

Annals for the year 1889, in three volumes, as in previous years.

Volume i., under the title of Memoirs, contains a treatise by M.

Fron on the course of the thunderstorms during the year, ac-

companied by daily charts. M. Moureaux has published the

details of the magnetic observations made at Saint Maur, with a

summary of the disturbances
; eight plates reproduce exactly

the photographic curves of the most remarkable disturbances.

M. Angot gives the results of the first simultaneous observations

made at the Central Meteorological Office and on the Eiffel

Tower. The diurnal variation of pressure at the summit of the

tower shows that the first minimum (4h.-5h. a.m.) is much more

pronounced in all months at the summit than at the base, and

appears to occur rather later. The first maximum (gh.-

loh. a.m.) is much less important at the summit, especially

during the summer months, and also appears to occur

later. The second minimum (2h.-3h. p.m.) is much less

important at the summit, and the second maximum (about

loh. p.m.) is rather more pronounced at the summit than

at the base. The temperature of the air at the summit of the

tower during the night differs constantly from that of St. Maur

by less than the normal value
; during the day, on the contrary,

the difference of temperature is much greater between the two

stations than the normal value. The wind, during all months,

has a diurnal variation quite different from that at the Central

Office ; the maximum occurs at the middle of the night, while

the minimum occurs at about loh. a.m., and rather later in

winter. Vols. ii. and iii. contain respectively the general obser-

vations and the rainfall values at the various stations.

The idea of a " weather lexicon
"
has been recently developed

by Herr Seemann (yJ/tV. Zeit. ), using the records of the Ham-

burg Naval Observatory. The design is to find in a collection

of daily weather charts a condition of the air over Europe re-

sembling that of the day for which a prognosis is to be formed, and

note the former sequence of weather, as throwing light on what

the coming weather is likely to be. Herr Seemann uses in his

lexicon all the Hamburg weather charts of the ten years 1876 to

1 885. Each chart is briefly characterized ; the pressure differences

in three directions (north-west, south-west, and north-east from

Hamburg) being indicated for each day ; also wind observa-

tions in the Alps and in Norway. The days are arranged

according to the amounts of difference in pressure between

Hamburg and Stornoway ;
this gives nine groups. Under

these are formed sub-groups according to the differences between

Hamburg and Biarritz ; and under these, others based on the

differences between Hamburg and Helsingfors. The classifica-

tion is further extended to wind direction. The idea seems a

useful one, and experience will doubtless show in what direc-

tions the proposed method may be most advantageously modified

and developed.

The New York Nation of December 17, mentions a rather

striking example of the injustice which is sometimes done to

American men of science by the McKinley Tariff. A professor

in one of the academies near Boston, returning from Europe,

brought with him a microscope for his own use in the biological

department. Under section 686 of the tariff law, which in-

cludes in the free list "professional books, implements, instru.

ments, and tools of trade, occupation, or employment, in the

actual possession at the time of persons arriving in the United

States," he might very reasonably have expected to import this

without duty, but at the steamship dock in Boston a heavy duty

was demanded. He appealed to the collector, but was per-

mitted to carry the instrument away without payment of the
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tax only upon his making a gift of it to the institution with

which he was connected. Even then the trouble was not quite

at an end. The Principal of the Academy had to take an oath

that he accepted the instrument as a free gift to the school, for

its sole use, and not to be sold or given away.

In a paper contributed to the current number of the

Journal of the Franklin Institute, Mr. John Birkinbine,

President of the American Institute of Mining Engineers
shows that during the last thirty years the United States has

increased its relative production of one ton of pig-iron for every

thirty-two inhabitants to one ton of pig-iron for every seven and

one-half inhabitants. The Middle States have advanced from

one ton for every eleven inhabitants to one ton for every two

and one-quarter inhabitants. With regard to Pennsylvania, he

notes that while its population of less than 3,000,000 inhabit-

ants in i860 had increased to 5,250,000 in 1890, its pig-iron

product of but little over 500,000 in i860 was augmented to

nearly 4,250,000 in 1890. In i860, Pennsylvania produced one

ton of pig-iron for every five inhabitants ; in 1870, it made one

ton of pig-iron for every three and three-quarters inhabitants ;

in 1880, one ton was made for every two and one-half inhabit-

ants
;
and in 1890 one ton for every one and one-quarter in-

habitants. Until 1692, no iron was made in Pennsylvania, and

even then so little was produced that the exact locality where it

was prepared is not known. As a practical producer of iron,

the State's history does not begin until 1716, sixty-one years

after the establishment of the industry in Massachusetts. Pig-

iron was not made in Pittsburg before 1859, but in thirty-one

years the magnificent industry in Allegheny County advanced

so steadily that in 1890 a total of 1,337,309 gross tons was

produced.

Mr. Charles R. Keyes contributes to the new instalment

of the Proceedings of the Academy of Natural Sciences, Phila-

delphia, a valuable paper on fossil faunas in Central Iowa.

In a paper on the lower coal measures of Central Iowa, in

1888, 35 genera and nearly 60 species were mentioned. The

figures are now increased to 51 and 84 respectively, and many
forms have not yet been thoroughly investigated. The interest,

however, lies not so much in the numerical increase of the

species as in the information imparted in regard to both the

geological and geographical range of the various types within

and beyond the limits of the State ;
and in the exhibition, in

many forms, of structural features which have hitherto been

more or less obscure, A recent geological study of the locality

has disclosed a large number of stations where animal life wag
at one time very prolific. Several new horizons have been

definitely made out, on account of which the distribution in

time of the various forms is capable of being traced with greater

accuracy than has hitherto been possible.

A THIRD edition of Mr. Charles A. Cutter's
" Rules for a

Dictionary Catalogue," has been issued by the U.S. Bureau of

Education. Mr. Cutter is librarian of the Boston Athenreum,

and his experience has, of course, been of the greatest service

to him in the working out of his system, which is well worthy

of the attention of librarian-. The objects of a "
Dictionary

Catalogue," as he defines them, are (i) to enable a person to

find a book of which either (a) the author, {b) the title, {c) the

subject, is known ; (2) to show what the library has id) by a

given author, (e) on a given subject, (/) in a given kind of litera-

ture ; (3) to assist in the choice of a book {g) as to its edition

(bibliographically), {h) as to its character (literary or topical).

Prof. E. D. Cope announces in the American Naturalist

the discovery of a new species of frog in New Jersey. It is a

most distinct species, and about the size of the wood frog {Rana

silvatica). It is not nearly related to any species of the genus
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Prof. Cope obtained five adult and two half-grown individuals,

and had two other adults almost within his grasp, but they

escaped him. The specimens agree nearly in size, the chief

differences being observed in the amount of darii blotching of

the belly and the regularity of the markings on the inferior side

of the femur. The specimens were found in a "cut-off" of a

tributary of the Great Egg Harbour River, in Atlantic county,

New Jersey. The_ water is stagnant, and is well grown with

Nymphseas, Utricularia, and Sphagnum. The frogs did not

display any considerable powers of leaping or swimming, but

concealed themselves with much ease within the aquatic vegeta-

tion. Prof. Cope did not observe any voice. In the same

locality he observed the RancB virescens and clamata. The
"cut-off" is in the woods, and he found no individuals in

similar situations in the open country, nor any along running

water in the woods. The oversight of this conspicuous species,

as Prof. Cope says, is a curious circumstance.

According to a statement in the Toronto Monetary Times,

grape-culture is becoming an important industry in Ontario.

The centre of the vine cultivation is between Grimsby and

St. Catharines, In Essex, especially on Pelee Island, experience

has shown that grapes can be profitably grown. Some local ex-

periments show a probability that in the near future the county
of Norfolk will be added to the vine land of the province.

The quality of the grapes grown has of late been greatly im-

proved, and so prolific are the vines that growers have this

season in many instances had to be content to take one and a

half cents a pound for good samples. Grape culture is rapidly

extending, especially in the county of Welland. This year's

price for grapes is perhaps about as low as they can be grown at

a profit, but it looks as if the supply might in future outstrip the

demand.

In the report on his work during 1890, lately issued, Mr. R.

L. Jack, the Government Geologist of Qaeensland, refers to a

collection of geological specimens forwarded by the Adminis-

trator of the Government of British New Guinea. The collec-

tion demonstrated (i) the presence of gold, topaz, and beryl in

the bed of the Fly River ; (2) the presence, within the drainage
area of the river, of [a) stratified rocks in an unaltered condition,

including sandstones, clays, limestones, and lignites ; (b) meta-

morphosed stratified rocks, including slates and greywackes ;

and plutonic and igneous rocks. A number of concretionary
ironstone noddles probably indicated the presence of metalliferous

lodes. Some fossil corals, in limestone pebbles probably of

Mesozoic age, from the first and second rapids of the Fly River,

have been sent for identification to Mr. Robert Etheridge,

Palaeontologist to the Geological Survey of New South Wales

and the Australian Museum. A second collection of rocks from

Toulon Isle, Port Hennessy, Red Point, Teste Isle, Rossel

Isle, &c., was examined by Mr. Maitland. Among these were

grits, sandstones, shales, limestones, basalts, granites, and quartz

containing a minute quantity of gold.

M. Cartailhac contributes to the current number of

L'Ant/iropologie an excellent abstract of an elaborate paper by
A. J. Evans on a late Celtic urn-field at Aylesford, Kent. Other

contributions are a fre^h instalment of T. Volkov's interesting

account of marriage rites and usages in Ukraine ;
a paper by E.

T. Hamy on the country of the troglodytes ;
and an essay, also

by E. T. Hamy, on the ethnographical work of Nicolas-Martin

Petit.

For experimental proof of the principle of Archimedes, M.

Paquet {Journ. de Phys.) recommends the following general

method : Into any vessel, V, is brought the body A (which is the

object of experiment), with attached wire by which it can be

conveniently hung. The vessel is then filled up with water
;
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then A is lifted out, leaving a vacancy equal to its volume. The
vessel V is now put into one scale of a hydrostatic balance, and

the body A hung under it ; then weights are put into the other

scale till equilibrium occurs. If now the balance is lowered

till A dips wholly in the water of a lower vessel V, the disturbed

equilibrium can be restored by simply filling up the vessel V
with water.

It has been long known that glass is attacked and dissolved

in small quantities by ordinary water. This dissolving process

Herr Pfeiffer has recently sought to prove and measure by

change in the electric conductivity of the water {Ann. der

PJiysik). He measured the increase of conductivity undergone

by I cubic centimetre of pure water when it has been in con-

tact for one hour with one square centimetre of glass surface,

and concluded that the amount of glass dissolved at 20° C. was

I to 2 millionths of a milligram. He found, too, that with

temperature rising arithmetically, the growth of solubility is

considerably more rapid than that of a geometrical series ; that

the increase of conductivity of the water for a given kind of glass

under like conditions is a characteristic constant ; and that later,

when a certain quantity of alkali is dissolved, further action

involves a dissolving also of silicic acid, and the salts then

formed may cause a decrease of conducting power.

Barox Nordenskiold communicated to the December

meeting of the Royal Swedish Academy of Science the fact that

he has discovered notable quantities of uranium in the asphaltic

or rather anthracitic minerals, accompanying the magnetic and

haematite iron ores un Sweden. A large block of so-called

"anthracite" from Norberg, for instance, leaves, when burned,

ashes (13 percent.) which contain about 6 percent, of uranium ;

a similar mineral from Dannemora left, when burned, ashes con-

taining 4 per cent, of uranium. The Norberg mineral also con-

tains cerite and gadolinite oxides, although in small quantities,

and it is remarkable that the mixture of gadolinite oxide (yttria,

ytterbia, &c. )
from this new provenance has the normal atomic

weight of 25 5-6 (for R2O3).

Tetra-iodide of carbon, CI4, has been obtained in large

ruby-red crystals by M. Moissan by the action of his recently-

prepared boron iodide, BI3, upon carbon tetrachloride. Boron

iodide is a substance crystallizing from solution in carbon bi-

sulphide in colourless tabular crystals which melt at 43^ to a

liquid boiling at 210". It is a substance of great chemical

activity, reacting with considerable energy with a large number

of substances, as described in Nature, vol. xliii. p. 568. When
it is brought in contact with carbon tetrachloride, double de-

composition occurs in the cold, with a large evolution of heat

boron chloride and carbon tetra-iodide being formed.

4BI3+ 3CCI4 = 4BCI3 -f 3CI4.

The best mode of operating is to heat the two substances, the

crystals of boron iodide and excess of dry redistilled carbon

tetrachloride, in a sealed tube for one hour at a temperature of

8o°-90°. Next morning the tube is found to contain large

crystals of carbon tetra-iodide, which appears to be produced in

theoretical quantity. After opening the tube, the crystals are

drained, washed with a solution of bisulphite of soda in order to

remove the last traces of iodine, and finally dried in vacuo.

When the red crystals thus obtained are heated to 100° in an

exhausted sealed tube, they slowly sublime into the colder por-

tion of the tube in magnificent brilliant red crystals very much

resembling the artificial rubies prepared by MM. Fremy and

Verneuil. The reactions of carbon tetra-iodide are somewhat

interesting. When heated in a current of hydrogen at a tem-

perature about 140°, it is reduced to iodoform, CHI3.

CI4 -h H2=CHl3-h HI.



210 NATURE [December 31, 1891

When the crystals are placed in an atmosphere of chlorine they

at once liquefy, and the liquid becomes hot. The products are

carbon tetrachloride and liquid chloride of iodine, ICl, which

latter gradually volatilizes away in the form of the chloride, ICI3.

CI4 + 4CI2 = CCi.i + 4ICI.

When heated gently in dry oxygen, it becomes decomposed
into iodine and carbon, which latter burns away to carbon

dioxide upon slightly raising the temperature. Melted sulphur

reacts with carbon tetra-iodide with considerable violence ;

vapour of iodine is evolved, carbon deposited, and iodide of

sulphur formed. If, however, powdered sulphur is warmed

with carbon tetra-iodide to 50°, iodide of sulphur and carbon bi-

sulphide are produced. Phosphorus acts with great energy upon

it, forming compounds which are still undergoing investigation.

Sodium and potassium react with incandescence, an alkaline

iodide and free carbon being produced. Mercury and silver

likewise attack it at the ordinary temperature, and very rapidly

upon warming. Warm hydrochloric and hydriodic acids attack

the crystals rapidly, with formation of iodoform and liberation of

vapour of iodine. A particularly interesting reaction is that

with fluoride of silver. When a quantity of this salt is placed

in a solution of carbon tetra-iodide in carbon tetrachloride

warmed to 50°, a regular evolution of gaseous carbon tetra-

fluoride occurs.

CI4 4- 4AgF = CF4 -f 4AgI.

This reaction affords the readiest means yet discovered of pre-

paring carbon tetrafluoride.

The additions to the Zoological Society's Gardens during the

past week include a Vervet Monkey {Cercopithecus lalandii ? )

from South Africa, presented by Mr. J. Parr ; a Bonnet Monkey
{Macacus siniais i ) from India, presented by the Rev. W. P.

Beckett ; a Black-faced Kangaroo {Macropus fnelanops ? ) from

Australia, presented by Mr. P. Clark ;
two Red-crested Finches

{CoryphospJiingus cristalus) from South America, presented by
Commander W. M. Latham, R.N., F.Z.S.

OUR ASTRONOMICAL COLUMN.
The Secular Variation of Latitudes.—The Avierican

yournal of Science for December contains a paper on secular
variations of latitudes, read by Prof. George C. Comstock at

the Washington meeting of the American Association for the
Advancement of Science. The determinations of the latitude

of Greenwich made from the time of Flamsteed (1693) *o "o^—
that is, over a period of very nearly two centuries—indicate a

very appreciable progressive diminution. But as the observa-
tions were made with five different instruments, and are affected,
to an uncertain extent, by various sources of error, no definite

conclusion can be drawn from them. In the cases of the lati-

tudes of Pulkowa, Konigsberg, Washington, and Madison,
however, Prof. Comstock thinks there is definite evidence of
a change of latitude, and from an examination of numerous
absolute observations, and a reduction of recorded star-places,
he arrives at the data contained in the following table :

—

Station.
Longitude
(from

Greenwich).

30*3 E.

20 "5 E.

77 'o W.
89-4 W.

Annual
Variation

of Latitude.

- 0'006
- 0003
+ 0-042
+ 0-043

Computed
Annual

Variation.

-
0'007

- O'OOO

-f 0'044
+ 0041

Pulkowa

Konigsberg...
Washington
Madison

A least square solution of the observed data was made to

determine the most probable direction and amount of motion
of the Pole. The result was o"'044 along the meridian 69° W.
of Greenwich. The values contained in the last column of the
above table were computed from these elements. For the sys-
tematic investigation of the motion of the Pole it is suggested
that two stations in about the same latitude, but having longi-
tudes about 70° W. and 110° E. respectively, should have their
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latitudes simultaneously determined by zenith telescope observa-

tions of the same pairs of stars. "An annual motion of the
Pole of o"'045 ^'il' alter the difference of latitude of these

stations by twice this amount per year, giving a change in

the difference of latitude amounting to i" in eleven years
— a

quantity which cannot possibly escape careful observation with
the zenith telescope or prime vertical transit. If similar obser-

vations be made 20° east of Greenwich, they will furnish the
best obtainable data for determining the direction of motion of

the Pole." All sources of systematic error can be eliminated

by the adoption of such a method, and our knowledge of secular

variations of latitude, as important to the geologist as to the

astronomer, will be of a more definite character than at present.

The Rotation of Venus.—Herr Loschardt sends us a

paper on Schiaparelli's hypothesis as to the period of rotation of

Venu'--, presented by him to the Vienna Academy of Sciences
on March 12, 1891. He criticizes the conclusions drawn by
Schiaparelli from observations made by others and himself, and

points out that the observations made by Denning in 1881 favour

the old rotation period of 23d. 21m. rather than one of 224
days. Herr Loschardt has made a number of drawings of the

markings on the planet shown by his 3-inch refractor at Nako-
falva, and the discussion of them gives support, on the whole,
to Cassini's value of the rotation period. The chief reasons

which led to this conclusion are the differences between Per-

rotin's observations and those made at Nakofalva at different

hours in the same day, the circular form of polar patches, and
the ellipsoidal distribution of the atmosphere, which is said to be

the result of swift rotation.

Stars having Peculiar Spectra.—In a communication
to Astronomische Nachrichten, No. 3070, Prof. Pickering re-

cords that the three stars tabulated below show bright lines in

their photographic spectra, and belong to the tame class as the

stars discovered by Wolf and Rayet :
—

T, „ . „ r> A T-> 1 Galactic Galactic
Designation. R.A. 1900. Decl.

,^^^j^^^ longitude.
o h. m. o / o - o .

D.M. -f 55-2721 ... 22 15-0 ... 55 37 ... -o 50 .. 70 29— ... 22 237 ... 55 46 ...
- I 20 ... 71 38

D.M. -f 56-2818 ... 22 329 ... 56 23 ...
- I 25 ... 73 3

It will be seen that these stars,, like the 35 others of the same

class, fall near the central line of the Milky Way.

THE TOWER OF BABEL AND THE
CONFUSION OF TONGUES^

TU'HO among the readers of ancient history has not pictured^^ to himself great Babylon, with its long straight streets at

right angles, its quays along the banks of the Euphrates, its

royal palaces, its double walls, and last, not least, its towers in

stages, dedicated to the various gods? The picture of grandeur
is one of which we can form an estimate only, but it must have
been magnificent beyond what was customary in those days, for

had not the great Nebuchadnezzar built it? He describes at

great length what he had done for the city, for its walls, for its

streets, its temples, its towers, and its palaces.
But there was a time when Babylon was not the great city.

At first a village settlement, it gradually arose to be the capital
of a powerful State, a progress that probably occupied 4000
years, not including the pre-historical period. The story of the

beginnings of this great city, which are lost in antiquity, is told

in Genesis, and forms one of the most charming of the legends
of the Bible. The Biblical account is given in the genea-

logical table just before "the generations of Shem," and .>-eems

to be an interpolation to explain the numerous languages of the

world. What the source of the legend may be is uncertain, but

as a whole it is unique, for though its source is possibly Baby-
lonian, nothing like it has yet come from that country or from

Assyria. The so-called Babylonian legend of the Tower of

Babel seems to have nothing to do with the Biblical one—
indeed, the evidence all points to its referring to something
entirely different.

" As they journeyed (so the Bible narrative says) in the East,

they found a plain in the land of Shinar." This land of Shinar
is generally regarded as the Sumer of the Babylonian and

Assyrian inscriptions. The Sumerians and Akkadians were ot

a different stock from the Semitic inhabitantsof the country, and

Abstract of a Lecture by Theo. G. Pinches, before the London In-

stitution, Decembers, 1891.
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spoke two entirely different dialects, making, with the Kassite,

the Semitic Babylonian, the Aramaic, and the Chaldee, no less

than six dialects and languages ; and, as if this Babel were not

enough, the tones of Elamites and other foreigners might also

be heard. It will probably be admitted that ihe confusion of

tongues which this gathering of nations made at Babylon was

striking enough to the visitor in whose native land one language

only prevailed.
The indications point to the fact that the Akkadians were the

invaders in Babylonia, and they gave a great many kings to the

land. It was a state of things not unlike the heptarchy in Old

England—a numi^er of small States fighting amongst themselves,
the most powerful gradually absorbing the weaker, until, about

the time of the great Hammu-rabi, about 2220 B.C., the whole
became united ; after which date probably only the wild

Chaldrean tribes remained practically independent, under their

native chiefs, and afterwards gave kings to Babylonia itself.

The Semitic Babylonian*; of Mesopotamia were probably rather

short and thick-set, though there must have been a great many
people of normal height and even tall stature among them.

They were dark and heavily (learded, but during the time of the

Akkadian supremacy they seem to have shaved, like theirrulers.

The Akkadians seem to have had noble and dignified features,

and their figures, as shown on the engraved and sculptured
stones, were far from inelegant. The:e was also, apparently,
a type of Akkadian with a curved prominent nose and a retreat-

ing forehead, something like the Elamites shown on the

As^yrian bas-reliefs. [Several examples of the various types
were shown.]

These people, journeying "in the East," resolved to build a

city "and a tower" ; and this tower, which the inhabitants of

Shinar decided to build, was quite a special thing of their own.

Every city in ancient Babylonia had a tower, some more than

one, and they were of varying forms. The Semitic Babylonians
seem to have called their memorial towers zikkurdli, a name
which was even applied (as in the Babylonian account of the

Flood) to natural eminences of a similar form. The Akkadians

appear to have called them "watch-towers." They were in-

tended (according to Perrot and Cliipiez) to give that picturesque
element to the land which accidents of Nature usually give to

other countries more favoured, and also to astonish the contem-

porary traveller, as well as that posterity for whom no more
than a heap of shapeless ruins would remain. However that

may be, they certainly served in their time a practical purpose
—

namely, for religious ceremonies, and for astrological and astro-

nomical observations. There were twenty-two principal erec-

tions of this kind in the earliest period in Babylonia, according
to one of the lists.

Descriptions and illustrations were now given of the different

forms of towers in Babylonia, and it was pointed out that

Nebuchadnezzar mentioned a "Tower of Babel" [zikurat

Balnla/it) \\h\ch he " made anew," and "raised its head with
burnt brick and bright lapis

"
; but he did not devote many words

to it—why, is not known, unless it be that some ill omen was
attached to it. This "Tower of Babel" of Nebuchadnezzar is

not the Birs-Nimroud, and for that reason, as well as because the

latter did not lie within Babylon, we may doubt whether it be
the Biblical "Tower of Babel," as has been, and still is,

supposed.
It is difficult now to imagine the place where the great con-

fusion of tongues existed as the site of a great city, with its

teeming life. The place where Babylon stood is now a series

of mounds more or less .shapeless, and masses of brickwork, but

otherwise a marsh. The "great city," "the beauty of the

Chaldees' excellency," has " become heaps." The ruins of the

palace of Nebuchadnezzar, and of the temple-tower of Babil,
are among the more prominent remains.

After a sketch of the life of the city of Babylon in ancient

times and the religious festivals and ceremonies, and how the

temple-towers and the services remained after the cities had

decayed and practically vanished, the lecturer recited a transla-

tion of the hymn to the setting sun sung by the priests of E-zida,
.the supposed Tower of Babel—

Jlyvm to the Setting Sun, chanted by the Priests of E-zida.
"

Sun-god, in the midst of heaven,
At thy setting,

May the latch of the glorious heavens
Speak thee peace ;

May heaven's door to thee be gracious ;

May the Director, thy beloved messenger, direct thee.

At E-bara, the seat of thy lordship,
Show forth thy supremacy.

May Aa, thy beloved wife,

Gladly go to meet thee.

May thy heart take rest,

May the property of thy godhood
Be confirmed to thee.

Warrior, hero. Sun-god, may they glorify thee I

Lord of E-bara, may the road of thy path be prosperous
—

Sun-god, cause thy highway to prosper,
Ooing the everlasting road to thy rest.

Sun-god, thju art he who is the judge of the land,

Causing her decisions to be prosperous."

The priests' morning hymn began :
—

"Sun-god, in the glorious heavens rising,"

and the lecturer pictured the day when the priests who chanted

these hymns were there no more, and the faith which had raised

Babylon's splendid temples and noble towers was, at last, as

dead as her departed glories, to become the heritage of

the student and of those who love to hear the ever-charming

story of the romanceful East.

A YEAR'S SCIENTIFIC WORK IN NEW
GUINEA.

A RECENT administration report from New Guinea, issued
^^

by the Colonial Office, contains an appendix on the

scientific work of the year in the island. The first paper
in this is a report by Baron von Mueller on the botanical

specimens collected He says that the increase in our

knowledge of the Papuan flora, derived from Sir William

MacGregor's collection in 1890, has been again iinportant.

Foremost as a result we learn from these contributions that

a considerable number of Australian species of plants, which,
as such, were hitherto regarded as quite endemic, are like-

wise indigenous to the vicinity of the Mai-Kussa and Wasi-

Kussa in New Guinea. Thus they occur precisely opposite
to Cape York, from whmce the seeds may have been

carried across by migratory birds or perhaps by some other

agencies. These, otherwise only Australian, plants may there-

fore not really belong to the primitive vegetation of New Guinea,

though they are now established in such a way as not to admit

of distinguishing them in regard to their origin from the great
bulk of ihe lowland species, whether truly Papuan or simulta-

neously also Malayan. The occurrence has already been

demonstrated of a number of lowland plants of specific Austra-

lian type in various parts of New Guinea. To these can now
be added a number of others which are specified by Baron

von Mueller. It can now be shown also that the cedar (or

rather cedrel), of which many shipments have been made to

Australian ports, is identical with the Singapore cedar {Cedrela

Toona). The magnificent and renowned aquatic p'ant, Nehimbo

niuifera, has now been located on the upper Fly River. Some
other plants, unknown from New Guinea bef)re, such as

Polygala chineusis, Salomonia oblongifolia, Sesuviuni Portula-

castru/n, Leptotperniuin jfavanicw/i, and Limnophila gratio-

loides, are recorded in the Administrator's last collection, while

some more are awaiting careful comparative elucidation before

the fixing of their systematic position. Count Solms-Laubach,
the monographer of Pandaneae, has acknowledged the screw

pine from Ferguson Island, in the Ljuisiades, as a new species

under the name P. Macgregorii. An essay of Baron von

Mueller on the highland plants collected during the year by
Sir William MacGregor has appeared in the publications of the

Royal Society of Victoria. But he was able to examine only a

few of the ferns brought from the upper region of the Owen

Stanley Range ; among them, however, is the new Cyathea

Macgregorii, which reaches a higher elevation than any other

of the many kinds of fern-trees now known. To expedite the

determination of their specific position, Mr. Baker, of Kew, has

undertaken to define systematically the seventy species of Ficilis

and Lycopodiacece, contained in Sir William MacGregor's col-

lection from the Owen Stanley Ranges. Mr, Baker regards
nineteen of these ferns as new, and therefore, so far as our

present experience reaches, as exclusively Papuan. These

hitherto unknown species aie comprised within the genera

Cyathea, Hyinenophyllum, Dicksonia, Davallia, Lindsaya, Aspi-

dmm, and largely Polypodium. The Curator of the Queensland
Museum reports on the zoological collections. No new animal

of the warm-blooded class has been met with during the year j
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perhaps those remaining to be found in the coast country are

both few and rare. By way of compensation, however, certain

Australian birds, the native companion, white ibis, and royal

spoonbill, must now be included in the Papuan avifauna as at

least temporary sojourners on the banks of the Fly River. It is

noteworthy that these birds were found on the Fly River during
the continuance in the north of Queensland of a drought which
had driven them from their haunts proper and scattered them
far and wide in search of water. Of the reptiles, on the other

hand, a few new forms are distinguishable. These occur among
the lizards. Two handsome snakes, Chondropyfthon azuretis

and ptikher, have been added to the State collection of Papuan
ophidians. On the whole, the vertebrate collection is subordi-

nate in importance and interest to that of the insect division

of the invertebrates. The whole of the insects collected were
examined by the Entomological Department, and two reports on

the Lepidoptera and Coleoptcra are appended. From these it

appears that several species both of butterflies and beetles are

new to science. The collection contains in many instances a

large series ofexamples of the same insect, which is all-important
in the ca«e of variable forms, whose unknown range of variation

is a prolific source of error. Besides Lepidoptera and Coleoptera
it contains many Hemipterous insects which have not yet been
determined. The few forms of Mollusca procured on the Fly
River have yielded but one new species, a remarkably fine

Nanina.

A MEDIUM FOR PRESERVING THE COLOURS
OF FISH AND OTHER ANIMALS.

/^UR readers may remember that Mr. Haly, Curator of the
^^ Colombo Museum, has for some years been making ex-

periments so as to discover a medium which will preserve the

colours of fish and other animals. We quote the following
from the last Annual Report of the Colombo Museum :

—
" In my last year's report I made some remarks on the use of

carbolized oil as a mounting fluid for specimens already pre-

pared by other means, the idea that it was a preservative in

itself not having occurred to me. Further experiments this year
seem to show (I do not like to speak too confidently in a climate

like this, even with twelve months' experience) that it is one of

the most perfect preservatives known both for form and colour.
" Coco-nut oil and carbolic acid freely mix in all proportions.

The mixtures at present under trial are oil raised to the specific

gravity of io° and 20° below proof-spirit by the addition of acid.

Whilst the gum and glycerine process is absolutely useless for

any animals except certain families of fish, this mixture is good
for every kind of vertebrate. The most delicate frogs are quite

uninjured by it, and snakes undergo no change. The delicate

plum-like bloom on the geckoes, the fugitive reddish tint on
such snakes as Ablabes humberti, are beautifully preserved by it.

" Another most important use is in the preservation of large
fish skins, which can be packed away in it for an indefinite

period, and mounted when wanted. These skins do not require

varnishing, neither do they turn brown, but although, of course,

they do not preserve their sheen like fish in the oil itself, they
always maintain a silvery and natural appearance, quite different

from that of ordinary museum specimens. If ever we get a new
fish gallery, a show of our large species prepared in this way
would form a most effective exhibition.

"
It appears also to be a most excellent preservative for

Crustacea and the higher orders of Arachnids, and also for

Centipedes, but it has hitherto proved a failure for marine
invertebrates in general. It must be remembered, however,
that the perfect miscibility of the two liquids opens up endless

possibilities. Its absolutely unevaporable nature makes it

invaluable in a tropical climate, quite apart from its other

qualities." With regard to this last remark I take the opportunity of

stating that the acid enables coco-nut oil and turpentine to be
mixed together. This forms a splendid microscopic fluid, in

which objects may be allowed to soak without any previous pre-

paration, and in which they become very transparent. A
minute species of Crustacean, of the order Copepoda, and the

leg of a fly, simply laid on a slide in a drop of this fluid and
covered with an ordinary covering-glass, without any cell being
made or cement employed, have lain on my table unaltered for

the last ten months, and I cannot help thinking that such a
medium as this cannot fail to prove a great boon to all workers
with the microscope."
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SCIENTIFIC SERIALS.

American Journal of Science, December.— On Percival's map
of the |ura-Trias trap-belts of Central Connecticut, with obser-

vations on the up-turning, or mountain-making disturbance,
of the formation, by James D. Dana.—The detection and
determination of potassium spectroscopically, by F. A. Gooch
and T. S. Hart. By dipping platinum coils of different sizes

in a solution of the salt to be tested it was found possible to take

up known quantities of material for introduction into the

volatilizing flame employed. Experimenting in this manner
with a single-prism spectroscope, it was found that 77,^ of a

milligram of potassium produced a line distinctly visible with a

slit of 0"i8 mm., and td'ott "igr- with a slit of 0*23 mm. The
test appears to be less delicate with potassium sulphate than

when the chloride is used, and rather more delicate in the case

of the carbonate. The red line of potassium was unmistakably
seen when only ^^Vu "igr. of potassium was introduced into

the flame in the form of the carbonate. For quantitative deter-

minations a standard solution, from which ^^^ mgr. of potassium
was taken by a certain platinum coil, was employed. The modus

operandi was to dilute the test-solution until the line given by
the potassium contained in a coil-full was of the same brightness
as that given by the same quantity of the standard solution.

Remarkably consistent results were thus obtained. An interest-

ing point brought out by the experiments is that the presence of

sodium salts in the flame is of direct influence in strengthening
the spectrum of potassium.

—The ultra-violet spectrum of the

solar prominences, by George E. Hale. This important paper
was read at the last meeting of the British Association, and has

been previously noted.—Phonics of auditoriums, by Ephraim
Cutter. It is generally known that a well-constructed audito-

rium resonates certain sounds belter than others, and that many
clergymen accommodate their tone of speaking to the key-note
of their church. Dr. Cutter has made observations on this

point in four halls, and recommends those who control

auditoriums to find the key-note and post up the result. Thus,
an auditorium at Saratoga Springs was tested in 1890, and a
notice was put up, "The key-note of this hall is F."—
The secular variation of latitude, by George C. Comstock.
This is a general account of the observations made at

Greenwich, Pulkowa, Madis^on, and elsewhere, which indicate

that the latitude of a single place is subject to a secular varia-

tion.—On the capture of comets by planets, especially their

capture by Jupiter, by H. A. Newton.—Distribution of

titanic oxide upon the surface of the earth, by F. P. Dun-

nington. An estimation has been made of the titanium in

eighty different specimens of soil taken from different parts of

the earth's surface. Soils from Virginia gave an average of

I "57 per cent, of titanic oxide, and twenty-two samples from

other portions of the United States gave an average of

o'85 per cent. The average proportion in air-dried soils from

Oceania and Asia (14 specimens) was 0*90 per cent., and
16 specimens from Europe gave o'54 per cent. The eight

remaining estimations were made on typical rocks of the

localities which furnished the samples for analysis.
—Notes on

a Missouri barite, by C. Luedeking and H. A. Wheeler.—The
contraction of molten rock, by C. Barus. A sample of diabase

has been fused and allowed to cool slowly. The molten rock

contracted regularly until a temperature of 1093° was reached,

when the diabase solidified with a sudden contraction of bulk.

The density of the original rock was 3'oi78, and that of the

glass obtained 2717. The observations indicate that "struc-

tural rock texture is due to pressure, i.e. pressure induces

a redistribution of molecules, such that the smallest specific

volume possible under the given conditions may result."—Notes

on Michigan minerals, by A. C. Lane, H. F. Keller, and F. F.

Sharpless. The minerals considered are chloritoid, griinerite,

and riebeckite.

SOCIETIES AND ACADEMIES.
London.

Royal Society, December 10.— " On a Compensated Air-

thermometer." By H. L. Callendar, M.A.
The air-thermometer is the ultimate standard to which all

measurements of temperature have to be referred. It therefore

becomes a question of considerable importance to determine
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what form of iastrument is capable of giving the most accurate
results.

For practical purposes there can 'oe no doubt that electrical

resistance thermometers, which are much easier to read and
manipulate, and which are, at the same time, exceedingly con-
stant over a very wide range, would be much more convenient
as standard instruments. Bat for theoretical work it is always
necessary to reduce their indications to the scale of absolute

temperature.
With this object the writer has been for some years engaged

in endeavouring to construct an air-thermometer which should
be capable of reading to a degree of accuracy comparable with
that attained by the use of electrical-resistance thermometers.
This he believes that he has at length succeeded in securing by
the adoption of the modified and compensated form of differ-

ential air-thermometer described in the paper.
The common and familiar form of differential air-thermometer

consists essentially of two equal bulbs, communicating with

opposite limbs of a Utube of small bore containing sulphuric
acid, which serves to indicate the difference of pressure between
them. If the standard bulb be kept in melting ice, so that its

temperature is constant, it is possible, by using a kathetometer

microscope, to read small changes of temperature in the thermo-
tnetric bulb with an accuracy of the order of a thousandth of a

degree.
In order to make the instrument capable of reading over a

wider range, it is only necessary to add an auxiliary bulb, as in

the ordinary "constant-pressure" type of air-thermometer, into

which the air from the thermometric bulb is allowed to dilate.

The auxiliary bulb is provided with taps, through which mercury
can be introduced or withdrawn in weighed quantities, to equalize
the pressures. The dilatation of the air at constant pressure
can be very accurately measured by weighing the mercury dis-

placed. This form of air-thermometer has the advantage of

being entirely independent of barometric readings. A great
deal of trouble is thus saved ; moreover, it is certain that a much
greater degree of accuracy can be attained in this way in the
measurement of a volume than in the measurement of a pressure
by means of a mercury manometer, as in the " constant-volume "

type of air-thermometer.

With almost every form of air-thermometer, some part of the
air contained in the connecting tubes is necessarily exposed to

temperatures different from those of the bulbs. In accurate
work a correction must always be applied for this by calibrating
the connecting tubes and estimating their mean temperature.
This correction, however, is exceedingly troublesome to apply,
and becomes a very serious source of uncertainty in attempting
to worl: to a thousandth of a degree.

It is, perhaps, the greatest advantage of this particular form
of differential air-thermometer, that this troublesome and un-
certain correction can be completely eliminated both from the
observations and from the calculations by simply duplicating the

connecting tubes—that is, by making the thermometric and
standard bulbs communicate with similar sets of connecting
tubes fixed side by side in such a way that their mean tempera-
tures are always equal. Provided that the two bulbs contain

equal masses of air, and that their pressures are adjusted to

equality, any change in the temperature of the connecting tubes
will affect both equally, and will not, therefore, alter the read-

ing of the pressure-gauge.^ In this way not only is the work of

taking and reducing the observations immensely simplified, but
the results are also rendered much more accurate.

The form of instrument above described is designed for the
most accurate work. For rough purposes, and especially for

limited ranges of temperature, for which the auxiliary bulb can
be dispensed with, much simpler instruments may be constructed
and compensated on similar principles.

In ordinary work it would be inconvenient to have to keep
the standard bulb always at a constant temperature. The
necessity for this may, however, be avoided by adjusting the

quantity of sulphuric acid in the pressure gauge so that its ex-

pansion compensates for the increase of pressure in the standard
bulb due to rise of temperature of the surrounding air. When
the instrument is thus compensated, one of the tubes of the

pressure gauge can be directly graduated in degrees of tempera-
ture. The indications are then as easy to read as those of a

mercury thermometer. Such thermometers are very convenient
for rough work at temperatures beyond the range of mercury

' The equations and conditions of compensation 'are fully given in the

paper.
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thermometers. They can be made with a range from 300°-
500° C.^ (500°-900° F.), and will read to a tenth of a degree at

450" C. They are practically free from change of zero, and if

properly compensated their indications are very reliable. Since
the connecting tubes are compensated, they can be made of con-
siderable length, and even of flexible material, such as compo-
tubing, without much loss of accuracy. This is often a matter
of great convenience, especially in high temperature work.

"
Repulsion and Rotation produced by Alternating Electric

Currents." By G. T. Walker, B.A., B.Sc, Fellow of Trinity
College, Cambridge. Communicated by Prof. J. J. Thomson.
The author described the following experiment :

—A sheet of

copper is placed so as to half cover an alternating magnetic
pole. Upon this, near the pole, is laid a hollow sphere of

copper. The electro-magnetic action produces a couple so

powerful that the friction of rotation is overcome, and the

sphere spun round.

In order to throw light on this, after a theorem in § 2 as to the
kind of currents set up in a conductor, I have considered a
number of cases. A thin circular infinite cylindrical shell lies

in an alternating field of currents parallel to its axis, and the

couple upon it is found. The result is applied to give the

couples on two such shells in the presence of a parallel current
and of a pair of currents forming an electro-magnet.
The couple in action upon a thin spherical shell in a general

periodic field has next been found, and is applied to give the

couples on two thin shells under the influence of—
(i. ) An alternating current in a straight infinite wire,

(ii. ) A pair of such currents forming an electro-magnet.
(iii. ) An alternating magnetic pole.

(iv.) An alternating electro-magnet of very short length.

Chemical Society, November 19,—Sir Henry Roscoe,
F.R.S., in the chair.—The following paper was read :

—Iron

carbonyl, by L. Mond, F.R.S., and Dr. Langer. An account
of this paper has already appeared in Nature of November 26

(p. 89).
—A lecture was then delivered on colour photometry,

by Captain Abney, C.B., F.R. S. According to the lecturer,
the colour of a body, when viewed in a light of standard

quality, is known when {a) its luminosity, [I)) its hue, and (c)

its purity, or the extent to which it is freed from admixture with
white light, are known and expressed by numbers. The
luminosity of a colour can be given in absolute number by
referring it to the standard of white. The standard of white

employed is a surface coated with zinc oxide. It is also necessary
to employ a standard light in these experiments, and the light
recommended is that from the crater of the positive pole of the
electric light, or from a petroleum lamp, when the illumination
need not be so intense. The luminosity of the pure spectrum
colours may be measured by what the author calls the colour

patch apparatus, which is described in the Phil. Trans., 1886,
and in his book on " Colour Measurement and Mixture." The
luminosity of a colour is not the same when viewed from all

parts of the eye. The luminosity of any pigment on paper can
be found by rotating it with two or three colours, red, emerald-

green, and ultramarine. The colour of a pigment can be re-

ferred to the spectrum colours by measuring the absorption.
The mixture, in varying proportions, of red, green, and violet of
the spectrum, makes white. Any other colour can be matched
by the mixture of the same three colours. Since three colours
will make white, and the same three colours will make a match
with an impure colour, every colour in nature can evidently be
matched by mixing not more than two of these colours with a
certain proportion of white light, and if these colours be red and
green, or green and violet, the colour can be matched by one

spectrum colour and white light, since there is some intermediate
colour which has the same hue as the mixture of these two
colours. Hence any colour may be expressed in terms of white

light and one spectrum colour, the latter in wave-lengths and the
former in percentage of luminosity. The lecturer performed
experiments in illustration of all the points brought forward.
The importance of using some uniform light was insisted upon
throughout. In conclusion the lecturer claims to have demon-
strated that the reference of colours to numbers is not only
possible but easy.
December 3.

—Prof. A. Crum Brown, F.R.S., in the chair.—
The following papers were read :

—
Phosphorous oxide. Part ii.,

' An air-pyrometer and also a long-distance thermometer of this pattern
are made by Mr. J. J. Hicks, of Hatton Garden, E.C.
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by T. E. Thorpe, F.R.S., and A. E. Tutton. In this paper
the authors have continued their description of the properties of

phosphorous oxide, P4O6. In their first paper they state that

phosphorous oxide becomes red on exposure to light. They
have now obtained the oxide in large crystals, unaffected by
light, by exposing the freshly-distilled oxide to sunshine for

several months at a time, and decanting the melted oxide from
the red phosphorus produced. Large crystals of the oxide are

also obtained by sublimation in a vacuum, and these are un-

affected by light so long as they retain their crystalline form.

The authors also describe the reactions of the oxide with the

following substances : bromine, iodine, hydrogen chloride,

sulphur, sulphur trioxide, sulphuric acid, sulphur chloride,
ammonia gas, nitrogen peroxide, phosphorus pentachloride, and

phosphorus trichloride. The following substances are apparently
without action on phosphorous oxide : hydrogen, phosphoretted

hydrogen, carbon monoxide, carbon dioxide, sulphur dioxide,

nitrogen, nitric acid, cyanogen, and ethylene.
—

Frangulin,
Part ii., by T. E. Thorpe, F.R.S., and Dr. A. K. Miller.

The authors have prepared frangulin more nearly in a state of

purity than was previously possible. They find that crude

frangulin contains a substance isomeric with emodin, which clings
to it persistently, and is very difficult to remove. They have
succeeded in proving the correctness of Schwabe's formula,

CoiHjoOg, for frangulin. On hydrolysis it yields emodin,

CigH^oOg, and rhamnose, C^Hi-jOs, according to the equation

C21H20O3 + H.iO = CjgHjoOg + CfiHigOg.
—The structure and

chemistry of ffames, by A. Smithells and H. Ingle. The
authors have been engaged for twelve months in investigating
the chemistry of flames produced by burning known hydro-
carbons, and are still continuing the experiments. If a long

glass tube be fitted over the metal tube of a Bunsen burner so as

to form a wider continuation of it, and if the gas be carefully

regulated, it is possible to divide the flame into two cones, one
of which remains at the top of the tube, and the other oscillates

inside the tube. By heating the glass tube at one point
so as to increase at that point the rate of inflammation, it

is possible to fix the oscillating inner cone—that is, to prevent
its re-ascent. The same result is obtained by narrowing
the bore of the glass tube at one point, so as to diminish the

rate of inflammation, i.e. to prevent the descent of the inner

cone past that point. In this way the two cones can be kept

any distance apart for any length of time. This permits of the

aspiration of the gases from the space between the cones with-

out any chance of admixture of outside air or of products of

combustion from the upper cone. The apparatus used by the

authors is described. The flames of liquid hydrocarbons were
examined by charging air with the vapour of the liquid, and
afterwards mixing this vapour-charged air with more air

in suitable proportions. The hydrocarbons examined were

ethylene, methane, pentane, heptane, and benzene. The
results obtained show that the products of combustion oi

the first cone are essentially COj - H,0 . CO and Ho, and that

the second cone is due to the combustion of the CO and Hj with

the external air. These results are in harmony with the con-

clusions of Blochmann, and with the work of Dalton on the ex-

plosion of methane and ethylene with oxygen in quantities in-

sufficient for complete combustion. The authors point out :

(l) that, even in excess of oxygen, carbon turns preferentially to

CO and not to COj ; (2) that the heat of combustion of gaseous
carbon to CO is proljably greater than that of hydrogen to H^O ;

(3) that, according to Dalton, CHo, when burnt with its own
volume of oxygen, gives products represented in the equation
CH„ (- O2 = CO -f- H.jO -f Hg. But as the two substances,

CO and H.3O, act upon one another, CO -I- HaO^IrCOs + Hj,
the case is one of reversible change, and four products will result
—viz. CO2, H2O, CO, and H.^. They have succeeded in divid-

ing into two cones the flame produced by admixture of air

with cyanogen ; the products of the inner cone were found to

consist of 2 vols, of CO and i vol. of COj.—Note on the struc-

ture of luminous flames, by A. Smithells. A brief summary of

the various views that have been held on this subject is given.
The author would describe a luminous flame as follows: (i)

an outer sheath or mantle, with (2) an inner, bright blue portion,
visible at the base of the flame—these two parts correspond

respectively to the outer and inner flame cones of a Bunsen

flame, and mark the region where the coal gas or candle gas is

burning with a large quantity of air
; (3) the yellow luminous

part, where the heat of the parts (i) and (2) is decomposing
hydrocarbons, setting free carbon which rapidly glows and
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bums
; (4) the dark inner region, consisting of unburned gas.—The existence of the mydatic alkaloid hyoscyamine in

lettuce, by T. S. Dymond. The alkaloid was obtained from
the commercial extract of wild lettuce, of the edible plant
known as cos lettuce, and from a specimen of the dried flower-

ing plant of wild lettuce. It was found to have approximately
the same melting-point and other properties as hyoscyamine,
the poisonous mydatic alkaloid existing in belladonna, henbane,
and other plants belonging to the natural order Solanacece. The
aurichloride melted at 159° 75. and on analysis gave results

corresponding tothe formula C17H23NO3 . H AUCI4.
—

Cryptopine,
by D. Rainy Brown and Dr.W. H. Perkin, Jun., F.R.S. The
authors have commenced an investigation on the rare alkaloid

cryptopine, which occurs in small quantity in opium. Analyses
of the base and of the oxalate confirm the results of Hesse,
and show that cryptopine has the formula CgiHjgNOg. On
oxidation with permanganate it yields, among other products,

metahemipinic acid (m.p. i79°-i8o°). It contains only two

methoxy-groups, as shown by its behaviour with hydriodic acid,
these two groups being situated in that part of the molecule
which is converted to metahemipinic acid on oxidation.—The
action of sodium on ethereal salts. Part iii. benzylic ortho-

toluate, by R. W. Hodgkinson. When benzylic orthotoliiate

is heated to 200° and sodium dissolved in it, the temperature
rises to 250", when an oil distils over. This oil was separated
into toluene, benzoyl alcohol, and a small quantity of the

original salt. The sodium salt in the retort gave pure ortho-

toluic acid, unchanged benzylic orthotoluate, and a substance
of the composition C22H20O0. The author is continuing ihe

experiments.
—The gas-volumeter and gravivolumeter, by G.

Lunge. A reply to Prof. Japp's reply to the author's criticisms

{Ber. xxiv. 1656).
—The action of sulphuric acid on the bromides

of hydrogen, potassium, and sodium, by F. T. Addyman. The
author has sought to determine the extent to which hydrogen
bromide is oxidized by sulphuric acid under varying conditions

of mass and dilution.—The iodometric estimation of chlorine, by
Dr. G. McGowan. Finkener has stated that Bunsen's method
when applied to chlorates gives less than the theoretical amount
of chlorine. The author describes experiments which prove the

accuracy of Bunsen's method, and suggests that Finkener's error

arose from a slight loss of chlorine.

Mathematical Society, December 10.—Prof. Greenhill,

F.R.S., President, in the chair.—The President announced the re-

cent decease of Prof.Wolstenholme, with whom he had been asso-

ciated at Cooper's Hill, and paid a feeling tribute to his memory, in

the course ofwhich he touched upon Prof. Wolstenholme's mathe-

matical work.—The following communications were made :
—

The equations of propagation of disturbances in gyrostalically
loaded media, by J. Larmor. In the first instance an extended

body is imagined, in Sir W. Thomson's manner, as built up of

rigid solid elements, each containing a cavity in which is

mounted a rapidly rotating fly-wheel ;
and this structure is then

pushed to the limit when it gives a continuous elastic medium.
Such a medium possesses at each point two coefficients of inertia

—a scalar one which is specified as the density, or mass per unit

volume, and a vector one which measures the angular momentum

per unit volume. As we can thus imagine a solid with two per-

sistent constants of inertia, and as it is apparently not possible
to have more than these two, it seems worth while to formally

express the general equations of elasticity that will apply to such

a body. It turns out that, for a homogeneous body having

(LMN) as its vector constant of inertia, there must be added to

the force per unit volume due to the tractions of the surrounding

parts a term of which the x component is

n^ %^ dz) dtU dy )'

{uviv) being the displacement. The waves of permanent type
in such a medium, otherwise isotropic, are all circularly polar-

ized, the coefficient of rotation being simply proportional to the

component of the rotary inertia in the direction cf propagation.
If the rotary apparatus is more complex than a simple fly-wheel,

so as to have free periods of its own, these will be indicated by
anomalous rotatory dispersion, and the equations will require

modification. It is pointed out that of the three terms put for-

ward by Sir G. Airy as competent to explain the magnetic rota-

tion of light, the one verified by Verdet enters simply in the

above manner ;
while the others, which do not by themselves

agree with experiment, imply absolute time-constants, such as
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free periods of molecular vibration, associated with the rotational

property.
—On the theory of elastic wires, by A. B. Basset, F. R. S.

The stresses which act across any section of a thin elastic wire

consist of a tension along the tangent, two shearing stresses

along the principal normal and binormal respectively, and three

couples about these directions. By resolving parallel to these

directions, and taking moments about them, six equations can
be obtained, which determine the stresses, when the unstrained

form of the wire is given. The values of the three couples can
be obtained by a method similar to that employed in my papers on
thin elastic plates and shells ; and when the wire is inextensible,
these values lead to four equations connecting the displacements
of any point on the axis, together with a quantity 3, such that

d^jds measures the twist per unit of length. The torsional

vibrations of a complete circular wire are afterwards investi-

gated ; and it is shown that they consist of a long period and a

short period ;
that the gravest note is due to the torsional

vibrations, and its frequency is proportional to the square root

of \Sn(jc^lpa*{%}t + q), where a and c are the radii of the axis

and cross-section respectively, p the density, « the rigidity, and

q is Young's modulus.—Researches in the calculus of variations ;

li., discrimination of maxima and minima solutions when the

variables are connected by algebraical equations, the limits being

supposed fixed, by E. P. Culverwell.—Note on the algebraic

theory of elliptic transformation, by J. Griffiths.—Me^srs. A. B.

Kempe and J. Hammond made short impromptu communica-

tions, and also took part with Messrs. Larmor, Basset, Forsyth,
Love, S. Roberts, and the President, in the discussions on the

papers.

Royal Meteorological Society, December i6.—Mr.
Baldwin Latham, President, in the chair.—Mr. W. Marriott

gave the results of the investigation undertaken by the Society
into the thunderstorms of 1888 and 1889, which he illustrated

by a number of lantern slides. The investigation was originally
confined to the south-east of England, but as this district was
found to be too circumscribed, it became necessary to include

the whole of England and Wales. After describing the arrange-
ments for collecting the observations, and the methods adopted
for their discussion, Mr. Marriott gave statistics showing the

number of days on which thunderstorms occurred at each station ;

the number of days of thunderstorms in each month for the

whole country ;
the number of days on which it was reported

that damage or accidents from lightning occurred ; and also the

number of days on which hail accompanied the thunderstorms.

In 1888 there were 113 days, and in 1889 123 days on which
thunderstorms occurred in some part of the country. The
number of days with damage by lightning was 33 in 1888, and

38 in 1S89 ; and there were 56 days in each year on which hail

accompanied the thunderstorms. The tables of hourly frequency
show that thunderstorms are most frequent between noon and

4 p.m., and least frequent between 1 a.m. and 7 a.m. Thunder-
storms appear to travel at an average rate of about 18 miles per
hour in ill-defined low barometric pressure systems, but at a

higher rate in squally conditions. The author is of opinion
that individual thunderstorms do not travel more than about 20
miles ;

and that they take the path of least resistance, and are

consequently most frequent on flat and low ground. Detailed

isobaric charts, with isobars for two-hundredths of an inch, were

prepared for 9 a.m. and 9 p.m. each day for the month of June
1888. An examination of the.se charts showed that, instead of

the pressure being so very ill-defined as appeared on the daily
weather charts, there are frequently a number of small but

distinct areas of low pressure, or cyclones, with regular wind
circulation ;

and that these small cyclones passed over the

districts from which thunderstorms were reported. Sometimes
it is not possible to make out well-formed areas of low pressure
from two-hundredths of an inch isobars, but there is a deflection

of the wind which shows that there is some disturbing cause ;

and thunderstorms have usually occurred in that immediate

neighbourhood. The author believes that the thunderstorm

formations are small atmospheric whirls—in all respects like

ordinary cyclones ;
and that the whirl may vary from i mile to 10

miles or more in diameter. There are frequently several whirls

near together, or following one another along the same track.

The numerous oscillations in the barometric curve are evidently
due to the passage of a succession of atmospheric whirls ; and it

appears that lightning strokes are most frequent when these

oscillations are numerous.—Mr. F. J. Brodie read a paper on
the prevalence of fog in London during the twenty years 1871
to 1890. The popular notion that November is pxr excellence a
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month of fog is not confirmed by the figures given by the

author. The number of fogs in that month is, if anything,

slightly less than in October or January, and decidedly less than

in December, the last-mentioned month being certainly the

worst of the whole year. The latter part of the winter is not

only less foggy than the earlier part, but is clearer than the

autumn months. In February the average number of days with

fog is only (>'(), as against 89 in January, 10*2 in December,
9 '2 in October, and 8 "8 in November.

Linnean Society, December 17.
— Prof. Stewart, President,

in the chair.—Mr. G. C. Druce exhibited specimens of Sagina
niaritima, Don MS., var. alpina, Syme, gathered on steep

rocky places on the Cairngorms, ^uA.ol Illecebnunverticillatum,

Linn., found near Wellington College, Berks.—Dr. R. C. A.
Prior exhibited some fruits of the baobab {Adansonia), and an
undetermined species of palm, which had been sent from Mata-
bele Land as good to eat, under the misleading names of

"cream of tartar fruit" and "wild orange." He read an
extract from Oates's "Matabele Land," describing the natural

growth and appearance of the baobab as observed in that

country.
—The Hon. W. B. Espeut exhibited some nests of

humming-birds from Jamaica, and pointed out the variety of

materials used by the same species, though placed in the .same

tree (a mangrove), the coloration in some cases being protective,
in others not.—A paper was then read on the occurrence of two

species of Crustacea belonging to the sub-order Cumacea in New
Zealand, whence none had been previously described. The
author gave the result of his dredging in the Bay of Islands

in the north, and in the inlets of Stewart Island in the south,
and furnished drawings and descriptions of the species referred

to.—A paper on the development of the head of the imago of

Chironomus, by Prof. L. C. Miall and A. R. Hammond, was
read by Mr. Hammond, accompanied by a series of illustra-

tions with the oxyhydrogen lantern. The subject was intro-

duced by a brief sketch of the life-history of the insect in its

three stages, followed by detailed descriptions of the head both
of the larva and of the imago. The history of the epidermic

invaginations, by which the imaginal head is formed within the

larval head and prothorax, was then followed out to its consum-
mation in the development of the fly. The lantern arrange-
ments were successfully carried out by Mr. Frederick Enock.

Paris.

Academy of Sciences, December 21.—M. Duchartre In the

chair.— List of prizes awarded to successful competitors in

1891 :
—

Geometry.
—Prix Francoeur, M. Mouchot ; Prix Ponce-

let, M. Humbert. Mechanics.—Extraordinary Prize of 6000
francs : this was divided into four, two principal prizes of equal
amount to MM. Pollard and Dudebout, one to M. Guyon, and
the fourth to M. Chabaud-Arnaud. Prix Montyon, M. Camere.
Prix Plumey, M. de Maupeou. Prix Dalmont, M. Considere ;

MM. Autonne and Ocagne being given honourable mention.

Astronomy.— Prix Lalande, M. G. Bigourdan. Prix Damoiseau

(not awarded). Prix Valz, Prof. Vogel. Prix Janssen, M. G.

Rayet. Physics.
—Prix La Caze, M. J. Violle. Statistics.—

Prix Montyon, MM. Cheysson and Toque. Chemistry.
—Prix

Jecker, MM. Behal and Meunier. Prix La Caze, M. A. Joly.

Geology.
—Prix Delesse, M. Barrois. Botany. — ?xi-x. Bordin,

M. Leon Guignard. Prix Desmazieres, M. Auguste-Napoleon
Berlese. Prix Montagne, M. Henri Jumelle. Prix Thore,
MM. J. Costantin and L. Dufour. Anatomy and Zoology.

—
Grand Prix des Sciences Physiques, M. Jourdan. Prix Bordin,
M. Beauregard. Prix Savigny, Dr. Lionel Faurot. Prix Da
Gama Machado (not awarded). Medicine and Surgery.

—Prix

Montyon, divided between MM. Dastre, Duroziez, and Lanne-

longue ; mentions were accorded to MM. Sanchez-Toledo and

Veillon, to M. Soulier, and M. Zambaco ;
and citations to MM.

Arthaud and Butte, M. Batemann, MM. Bloch and Londe, M.
Catsaras, M. Debierre, M. Gamier, M. Gautrelet, and M. Netter.

Prix Barbier, M. Tscherning ; mentions were accorded to MM.
Delthil and Dupuy. Prix Breant (not awarded). Prix Godard,
M. Porier ; honourable mention to Dr. Wallich. Prix Chaus-

sier. Dr. Brouardel ; honourable mention to the late M. E.

Duponchel. Prix Bellion, divided between MM. Carlier and
Mireur. Prix Mege, M. Frederic Courmont. Prix Lallemand,
divided between MM. Gilles de la Tourette, H. Cathelineau,
and F. Raymond ;

honourable mentions were accorded to MM.
Legrain, Debierre, and Le Fort, Bruhl, SoUier, and Colin.

Physiotogy.
—Prix Montyon, MM. Bloch and Carpentier ;

men-
tions were accorded to MM. Hedon and Lesage. Prix La Caze,
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M. S. Arloing. Prix Pourat, M. Gley. Prix Martin-Damour-

ette, M. Gley. Physical Geography.
—Prix Gay (not awarded).

General Prizes. — Prix Montyon (unhealthy industries) : the

])rincipal portion of this prize was awarded to M. Grehant,
and the remainder was divided equally between MM. Bay and
Brousset ; honourable mention was made of MM. Bedoin and
Lechien. Prix Cuvier, the ^Geological Survey of the United
States. Prix Fremont, M. Emile Riviere. Prix Gegner, M.
Paul Serret. Prix Jean Reynaud, the late M. George- Henri

Halphen. Prix Petit d'Ormoy (Sciences Mathematiqu-js), M.
Edouard Goursat. Prix Petit d'Ormoy (Sciences Naturelles),
M. Leon Vaillant. Prix de la Fondation Leconte : a grant was
accorded to M, Douliot. Prix Laplace, M. Champy.—The
following prizes were proposed for the years 1892-1896 :

—
Geometry.

—Grand Prize for Mathematical Sciences : deter-

mination of the number of prime numbers inferior to a given
quantity. Prix Bordin : study of the surfaces of which the

linear elements may be reduced to the form

ds'^ = [/(»)
-

<^{v)'\{du" + dv"-).

Prix Bordin : applications of the general theory of Abelian
functions to geometry. Prix Francoeur. Prix Poncelet. Me-
chanics.—Extraordinary Prize of 6000 francs : any iaiprove-
ments tending to increase the efficiency of the French naval
forces. Prix Montyon. Prix Plumey. Prix Dalmont. Prix

Fourneyron : historical, theoretical, and practical study of the

bursting of fly-wheels. Astronomy —Prix Lalande. Prix
Damoiseau : improvements of the lunar theory with refer-

ence to secular inequalities caused by planets ; to see also
if any sensible inequalities exist in addition to those already
known. Prix Damoiseau : improvements in the methods of

calculating perturbations of asteroids which are necessary for

the representation of their position within a few minutes of arc,

in an interval of fifty years ; also to construct numerical
tables which will allow the quick determination of the prin-

cipal parts of the perturbations. Prix Valz. Prix Janssen.
Physics.

—Prix L. La Gaze. Statistics.—Prix Montyon.
Chemistry.

—Prix Jecker. Prix L. La Gaze. Mineralogy
and Geology.

— Grand Prix des Sciences Physiques : an
exhaustive study of a question relative to the geology of a

part of France. Prix Bordin : the genesis of rocks, exemplified
by experimental synthesis. Prix Vaillant : applications of the
examination of optical properties to the determination of mineral

species and rocks. Prix Delesse. Prix Fontannes. Botany.
—

Prix Barbier, Desmazieres, Montagne, de la Fons Melicocq,
and Thore. Agriculture.

—Prix Morogues. Anatomy and
Zoology.

—Prix Thore, Savigny, and Da Gama Machado.
Medicine and Stirgery.

—Prix Montyon, Barbier, Breant,
Godard, Serres, Chaussier, Parkin, Bellion, Mege, Dusgate,
and Lallemand. Physiology.

—Prix Montyon. Prix L. La
Gaze. Prix Pourat : experimental and chemical researches on
the inhibition phenomena of the nervous shock. Prix Pourat :

researches on the effects of subcutaneous or intra-vascular injec-
tions on the normal liquids of the organism or on liquid extracts
from different tissues or organs. Prix Martin- Damourette.

Physical Geography.
—Prix Gay : study of terrestrial magnetism,

and, in particular, the distribution of the magnetic elements in

France. Prix Gay : study of the trajectory of cyclones moving
from North America or the West Indies. General Prizes.—
Prix Montyon (unhealthy industries), Cuvier, Tremont, Gegner,
Delalande-Guerineau, Jean Reynaud, Jerome Ponti, Petit

D'Ormoy, Leconte, Tchihatchef, and Laplace.

Brussels.

Academy of Sciences, October 10.—M. F. Plateau in the

chair.—Note on a number of Hyperoodons stranded in the

Thames and on the Normandy coast, by P. J. Van Beneden.—
Study of heat and light phenomena accompanying electrolysis, by
E. Lagrange et Hoho. In an electrolyte of dilute sulphuric acid,
a positive electrode having an area of 180 sq. cm. was immersed,
whilst the negative electrode consisted of a wire of copper 0*25
mm. in diameter, submerged to a depth of o"5 mm. below the level

of the liquid. On passing a current from accumulators through
the electrolyte, the ordinary phenomena of electrolysis were
observed. When the electromotive force was increased, a kind
of decrepitation, resembling the fizzing noise which is heard when
drops of water fall on a hot metal plate, was produced at the

negative electrode. The liquid about this electrode appears to

be in a state of ebullition. The phenomena increased in dis-

tinctness as the difference of potential between the negative
electrode, and a point in the liquid 3 mm. from it, approached
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16 volts. At intervals, when the difference of potential had
reached 16 volts, a number of luminous points were produced
between the electrode and the liquid, and their frequency was
found to increase with the difference of potential. The author has

studied the phenomena, using electrodes of Pt, Cu, Zn, Sn, Fe,
and C of different diameters, and electrolytes of different degrees
of dilution and different natures. He finds, among other things,
that the phenomena commence when the electromotive force is the

same (for a given degree of acidity) whatever the nature of the

electrolyte. The intensity of the current increases, cceteris

paribus, with the sections of the electrodes, and varies with the

nature of the electrode. For the same degree of acidity, the

same electrode, and the same amount of immersed surface, the

intensity of the current tends to remain constant, although the

electromotive force varied from 76 to 98 volts.—On the case in

which two hemihedric conjugate forms are not superposable ;

conditions necessary and sufficient for a polyhedron to be

superposable on its image seen in a plane mirror
; possible

existence in crystals of a class of hemihedra giving superposable

conjugate forms, although possessing neither centre nor plane of

symmetry ; direct and inverse symmetry ; tetrahedric group
of the quadratic system represented by A_4, by C. Cesaro.
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INDIAN METEOROLOGY.

Report on the Meteorology of India in 1889. By John

Eliot, M.A., Meteorological Reporter to the Govern-

ment of India. Fifteenth Year. (Calcutta: Govern-

ment Press, 1 89 1.)

Reports on the Administration of the Meteorological

Department of the Government of India, 1885-1891.

(Calcutta, Government Press.)

MR.
ELIOT'S Report on the meteorology of India in

1889 is much more than a mere mass of statistics,

the raw material for future utilization—more than a retro-

spective summary of the weather phases and incidents of

the year, which may or may not be turned to future

account by someone gifted with that scientific imagination
that alone can infuse life and meaning into the dry bones

of our voluminous weather records. These, indeed, it

gives with the usual fulness—not in the fragmentary fashion

of a gallery of cabinet studies, but with something of the

continuity and breadth of a diorama
;
and over and above

these, it deals with many topics of general interest, which

are real and valuable contributions to the body of the

science, and on which the remarkably favourable con-

ditions of India—a great tropical country dotted over with

a well-organized system of observatories under the direc-

tion of a competent physicist
—are peculiarly fitted to

throw light.

Foremost among these, stands the question of the

incident solar heat, which is at once the most important,
and at the same time one of which we have the least

exact knowledge. To this question more attention has

been given by the Meteorological Department of India

than by that of any other country ; and if we must regret-

fully admit that the results bear but a small proportion to

the labour expended on obtaining them, the experience

gained of the difficulties attending the inquiry is not

without its value.

Some years ago it was thought that the position of Leh,
in the dry climate of Western Tibet, 11,500 feet above

the sea, offered peculiar facilities for obtaining trustworthy

measurements of the solar heat
;
and in 1882, Sergeant i

Rowland, a highly intelligent officer of the Royal \

Engineers, was selected in England, and after a year's

careful training at Roorkee in the use of Balfour Stewart's

actinometer, under the personal superintendence of Mr.

J. B. N. Hennessey, was despatched to Leh, together

with a European assistant, who had been equally trained

to the work. They were furnished with elaborate in-
:

structions, drawn up by Mr. Hennessey, which contem-
;

plated observations of two classes. On all clear days
|

observations were to be taken at noon, and also once in
\

the morning and once in the afternoon, with the sun at i

certain definite altitudes ; and on certain selected days

(from one to six in each month) similar observations were

to be taken at short intervals in succession during so many
hours as the altitude of the sun should exceed a certain

assigned minimum. The observers remained at Leh

nearly two years, and undoubtedly accomplished all that

NO. I 158, VOL. 45]

it was possible to do under the circumstances of the

climate ; but this proved to be little, if at all, superior
to that which might have been obtained at some of the

easily accessible stations of the outer Himalaya, and the

total outcome of the twenty-three months' work was seven

complete series recorded at short intervals, and sixty of

of the tri-daily measurements, together with fifteen in-

complete series of the former and ninety-five of the latter,

which had been more or less interrupted by the obscura-

tion of the sky. Moreover, the instrument by no means
answered to the expectations of the inventor. Its chief

apparent recommendation was the simplicity of its

manipulation ; but it was found to require careful at-

tention to a number of minute and elaborate details in

order to insure that the observations should be com-

parable inter se, and although the registers obtained

were examined and discussed by Prof. Balfour Stewart

shortly before his death, they were not found to lead to

any definite conclusions of such importance as to justify

their publication.

Notwithstanding the discouraging results of this ex-

pedition, the investigation has not been abandoned. After

Sergeant Rowland's return from Leh, actinometric observa-

tions were carried on during the clear season at Mussoorie,
and lately under Mr. Eliot's supervision at Simla, and the

late Prof. Hill was engaged in the examination of some
of this later work, when it was brought to a standstill by
his premature death. It is, we believe, now contemplated
to make actinometric and other physical observations a

part of the future work of the Madras Observatory, and

with that view, and also in the interests of astronomy, to

transfer the Observatory to some suitable site on one

of the lofty hill-groups of Southern India, a step long since

recommended on general grounds.
From the first establishment of the Indian Meteoro-

logical Department, the sun-thermometer in vacuo has

formed part of the equipment of every observatory ;
and

every instrument, before being issued, has been subjected
to a prolonged comparison with an arbitrary standard, in

order to evaluate the mean effect of those irregularities

which affect the readings of all instruments of this class,

and in many cases amount to differences of 15° and more
between thermometers constructed by the best makers.

This precaution, however, has proved inadequate. It has

long been known that the average readings of many of

these instruments undergo a considerable decline in the

course of a few years, and that in many cases the glass of

the inclosing jacket becomes gradually opaque. During
the year 1889, twenty-four observatories were each

provided with three carefully compared instruments of

different ages, and the observers were instructed to take

the observations as accurately as possible. Mr. Eliot

says :
—

" The results of the three instruments exposed under
identical conditions were in the great majority of cases so

widely discrepant as to show that the instrument, from
defects in its construction, cannot, at least under the con-
ditions of its employment in India, be relied upon to give
consistent and reliable results."

The late Prof. Hill subjected these registers to a critical

examination, and his conclusions, being based on the

results of seventy-two instruments, may be taken as fairly

L
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representing the average behaviour of thermometers of

this class. He says :
—

"A few days' observations under identical conditions

are not sufficient to determine the correction with any

approach to accuracy. The thermometers are so variable

in their indications, that, in one ordinary case that I

worked out, it would seem that at least forty- four months'

comparative readings would be required to furnish an

averaj^e correction with a probable error of only one-tenth

of a degree. The differences between the indications of

two thermometers placed side by side are in very many
instances subject to an annual variation, showing that

the correction to a common standard cannot be made by

adding or subtracting a fixed quantity, but that the

amount of this correction is variable, and perhaps capable
of being expressed as a function of the temperature indi-

cated. The older instruments, even after correction, on

the whole give lower readings than the new ones. Some
of the latter, when compared with the oldest thermometers

of the set, appear to fall off considerably in sensitiveness

even in the short period of twelve months. . . . But

sometimes an instrument two or three years old decreases

in sensitiveness more rapidly than a perfectly new one ;

sometimes also an instrument, after remaining nearly
constant in its indications for several months, as

compared with the oldest of the set, suddenly shows a

rapid and unaccountable falling-off in sensitiveness."

And he concludes :
—

" The indications of the instruments are thus in most

cases totally unreliable, and the observations compara-
tively worthless. The only possible exceptions I can see

to this sweeping condemnation are observations made
with instruments which have been in constant use for ten

years or more, and which may perhaps be assumed to

have arrived at a constant condition as regards sensitive-

ness."

Since the average duration of a sun-thermometer,

under the conditions of Indian observatories, is only about

three years, it is obvious that instruments that have stood

the prescribed test can be but few. But it was with such

a thermometer that were obtained the valuable results

published by Mr. Hill in the Journal of the Asiatic Society

of Bengal in 1883 and 1886, which afford the only direct

evidence yet on record of an eleven-year variation of the

solar heat.

The duration of sunshine has now been recorded at

five Indian Observatories with the Stokes-Campbell sun-

shine recorder for periods of from four to seven years,

and the average results are given in Mr. Eliot's Report,

together with those of the year 1889. The stations are

all in Northern India, one only, Calcutta, being within

the tropics. Allahabad and Lahore show the highest

proportion of sunshine, viz. 69 and 68 per cent, respec-

tively of the possible maximum. Jeypore has but little

less, viz. 65 per cent. Calcutta follows with 59 per cent.,

and Dehra, at the foot of the Himalayas, shows the

lowest average, viz. 49 per cent. At St. Aubin's, in

Jersey, the sunniest station in the British Isles, the pro-

portion is 39 per cent. In the absence of any record from

Southern India, it cannot be positively asserted that the

Indo-Gangetic plain is the sunniest portion of India, but

judging from the registers of cloud proportion, which are

regularly kept at all Indian stations, there can be but little

doubt that such is really the case.

Another kind of observations nearly related to the

above are those of the temperature of the ground. These
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have been made at the same five Observatories that have

furnished the sunshine records : at Calcutta since 1878,

and at the other stations during periods of from four to

ten years. One feature is common to all of them. In all

cases the mean temperature of the ground is some degrees

higher than that of the air, the excess varying, however,

considerably at different stations, and at the same station

in different years ,
as well as, of course, at different

seasons of the year. This general fact was observed

many years ago by the late J. Allen Broun at Trevandrum,

and has also been known for some years in the case of

Calcutta and Allahabad
;
and it was remarked by the

late Prof. Hill that it is probably characteristic of hot

climates in general. He considered it probable that

there is

" a difference in the opposite direction between the air

and ground temperatures in high latitudes
; for, owing to

the circulation of the atmosphere, and the constant mixing

together of its several parts, the air temperature must be

more uniform all over the earth than it would be were it

determined for each place solely by the balance between
insolation and loss of heat by radiation into space ;

while

the temperature of the ground is more directly dependent
on the balance between the gain and loss of heat by
radiation."

I am not aware that this interesting speculation has

hitherto been verified.

According to the present registers, Jeypore (where the

ground consists of loose dry sand) shows the greatest

excess of ground surface temperature, viz. 6'' '3
1 on the

mean of the year ;
and at Lahore (where the"'ground is a

sandy loam) it is as much as 5"-8. At Allahabad it appears

to be about 3°-8, and at Calcutta 2°7. It is therefore in a

j great measure dependent apparently on the dryness of

the climate, since the mean annual rainfall of these four

places is 25, 2 1
, 38, and 62 inches respectively, and the mean

relative humidities 50, 50, 61, and ^^ percent, of saturation.

The ground temperatures here considered are those of

the surface. At Calcutta the temperature increases

rapidly with the depth, so that at 3 feet deep it is r'S

warmer than at the surface, and at 6 feet i°'6 warmer.

This is probably to be attributed to the decomposition of

organic matter, with which a bed of foetid quicksand at a

depth of 40 or 50 feet is highly charged, and which, when

freshly excavated, is distinctly warm to the touch."

At other stations there appear to be some remarkable

irregularities in the temperatures at different depths. Thus

at Allahabad the average warmth of the ground decreases

i°7 between the surface and the depth of i foot, and then

increases i'''2 to a depth of 3 feet ;
at Jeypore it decreases

3°-3 down to i foot, and then increases, but somewhat

irregularly, by a total amount of o°'6 to a depth of 20 feet ;

and at Lahore it decreases i°'5 to a depth of i foot, and

increases again o°7 to 3 feet. In the case of Allahabad, the

temperatures of which were fully discussed in a memoir

by the late Prof. Hill,^ some of these minor irregularities

I Most of the figures quoted in this paragraph differ from those given in

Mr. Eliot's Report. In the Report the comparison is made between the mean

ground temperature of a few years and that of the atmosphere deduced from

three or four times as many, and in some cases the conditions of the Ob-

servatory have been changed. The figures in the text are derived from a

comparison of the same years. .

'" This bed extends apparently everywhere beneath Calcutta, and is the

cauiie of great instability to the more ponderous edifices, of which the great

Imperial Museum affords a striking example. In fact, in a certain sense,

Calcutta may be said to be a floating city.

3 ' Indian Meteorological Memoirs," vol. iv., Part iii.. No. v.,
' Onthe

Ground Temperature Observations made at the Observatory, Allahabad."
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were shown to be the result of the flux and reflux of

waves of heat as hotter or colder years alternated, the

effects of which were by no means eliminated in the five

or six years over which the record extended. But the

remarkable diminution of temperature from the surface

down to I foot cannot be thus explained. It appears
at all the stations, for even at Calcutta there is an increase

of onlyo''2 in the first foot below the surface, and then an

increase of i°3 between i and 3 feet
;
and it appears to

be independent of the character of the surface, which at

Calcutta is grassy, and at Jeypore pure sand absolutely
without vegetation. At Calcutta and Allahabad, the i-foot

thermometer as originally installed was found to have its

temperature lowered by air-convection at night in the tube

around the thermometer ; but steps were taken to prevent
this both at these and the other Observatories, and the

invalidated registers were rejected. Yet it is difficult to

imagine the existence of any cooling agency which should

keep the temperature at i foot below the surface on an

average i"" or 2^ lower than either above or below that

level, and the matter certainly requires further investiga-
tion.

The foregoing remarks deal with subjects which,

although intimately connected with meteorology, lie

somewhat apart from the ordinary field of meteorological
observation. There is, however, very much in Mr.
Eliot's Report, on the more familiar class of subjects

usually dealt with by meteorologists that is well worthy
of reproduction, especially the characteristic phenomena
of Indian storms, which Mr. Eliot has made the object
of his special study. These must be reserved for another

notice.

The frequent reference in the foregoing paragraphs to

the admirable work of the late Prof. Hill fand, after all,

but few of the many subjects have been noticed to which
his active mind contributed so largely) forcibly brings
before me how great a loss has been sustained by Indian

science in his premature death—a loss the more con-

spicuous in a country where the workers are so few and
the field of research so large and fruitful. It is but a sad

|

consolation to offer this slight tribute to the memory of a
'

man who was as modest and amiable as he was able and

accomplished as a devotee of science
;
but all who know

his work will cordially re-echo the words of the Governor-

General in Council—that the Meteorological Department
of India "lost in him an officer whose industry, talent,

and technical knowledge it will be hard to replace."
H. F. B.

FRENCH MALACOLOGY.
Les Coquilles marines des Cotes de France; description

desfamilies,genres, et especes. Par A. Locard. Pp.384;
348 Figures in Text. (Paris: Bailliere, 1892 [or rather

1891].) Also issued as torn, xxxvii. (1891) of the

Annates de la Socidte Linneenne de Lyon.

\ /I ORE favourably situated than these isolated and
'- ' J-

comparatively chilly shores, France possesses a

Molluscan fauna which numerically is richer far than

ours
;
whilst her political boundaries embrace portions of

two terrestrial regions and two marine Molluscan pro-
vinces.

NO. I 1 58, VOL. 45]

The land regions (Germanic and Lusitanian) yield

probably something under 300 species. The last trust-

worthy work, that by Moquin-Tandon, describes 266

species
—

219 being terrestrial and 47 fresh-water forms.

The marine provinces are the Celtic and Lusitanian.

The former includes the greater portion of the English

Channel, and is common ground, therefore, to ourselves

and our neighbours. The latter, especially the Mediter-

ranean as distinguished from the Atlantic version of it,

furnishes the French conchologist with his happiest

hunting-ground. Nearly 1200 species are to be found in

the Mediterranean, andanother 150 (besides4i8 common

forms) on the Atlantic coast.

In contrast with this abundance of Molluscan life, all

that we can boast is some 550 marine and 130 non-

marine species.

Whilst, however, the material obtainable by the French

conchologist is thus plentiful, the literature at his disposal
for purposes of research and identification is by no means
so complete as that which lies ready to the hand of his

British confrere. The French Forbes and Hanley, or

even Jeffreys, has yet to be compiled ;
no single work

exists giving adequate descriptions, with synonymy, notes,

and figures.

For the non-marine species Moquin-Tandon's careful

work remains unsurpassed : for the whole subject the

only approach yet made consists of the three volumes by
M. Locard, of which the one now under consideration

forms the last. The first two were issued under the title

" Prodrome de Malacologie Frangaise, Catalogue general
des Mollusques vivants de France," and dealt respec-

tively with the land, fresh- and brackish-water MoUusca,
and with the marine. In these volumes the author gave
no descriptions : a synonymy of each species, with refer-

ences to the best descriptions and figures, and a list ot

the French localities, were all that appeared. In the

present work M. Locard proposes to supply this de-

ficiency, so far as the shells of the marine testaceous

Gastropoda, Pelecypoda, and the Brachiopoda are con-

cerned, by furnishing a concise—mostly too concise—
description of each species, and a more detailed descrip-

tion, with a figure, of the typical forms of each genus and

section, or "groupe
" as he terms it, thereof. The syno-

nymy and the bibliography are not repeated, and so each

work remains incomplete without the other, and double

reference is entailed—a process which is always vexa-

tious.

Unfortunately, too, the subject is conceived exclusively

from a shelly point of view
; indeed, the fact that the

shells ever had an animal origin and connection, is most

skilfully concealed in the body of the work, and the

'nasty creature' is only alluded to when, in the intro-

duction, it becomes necessary to refer to its habitat, or

to describe the method of its elimination prior to the

deposition of the all-precious tenement in the cabinet.

To such a point is this persistent ignoring of the animal

carried, that, in defining the topography of a bivalve

shell, the customary and intelligible terms "
right

" and

"left valve" are discarded in favour of the arbitrary

designations of "upper" and "under," a nomenclature

derived from their position when the shell is placed on

its side upon the table with the umbones pointing towards

the left.
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The result is that, whilst in the majority of instances

^:he tipper is equivalent to the /^ valve, in Nucula, which

is opisthogyre, the author has 'got the head where the

tail should be,' and writes, for example, of N. sulcata

(pp. 329-30) :

"
region anterieure presque droite, tr^s

^troite ; region posterieure tres developpee, oblique." It

is only fair to add that in Donax, thanks to the pre-

sence of the well-marked external ligament, this error is

avoided.

The author's recognition in his introduction that every

species is liable to variation, and his wise resolve not to

cumber his book with trashy "varieties," founded merely
on differences of colour or size, that have of late been so

fashionable in certain quarters, is satisfactory ; but it is

greatly to be regretted that the process of elimination was

not carried a step further. A very slight acquaintance
with the animals, or even a cursory inspection of a fairly

extensive series of examples of the shells of the individual

species, would have been sufficient to convince any un-

prejudiced person that a very large percentage indeed of

the "species" cited in this volume are but mere varieties,

and unworthy of specific rank
;
at the same time we con-

fess to some fear that all argument and instance would

be lost on one who but lately has sought to divide so

homogeneous a species as Helix rufescens into six ! The

principle adopted seems, in fact, to be, judging from

numerous instances in the pages before us, to raise

species into
"
groupes," and varieties into

"
species" (save

the mark !). This is certainly the case in the genera

Nassa, Purpura, Mytilus, Sec

It is little wonder under these circumstances, then, that

M. Locard's three volumes should represent the French

Molluscan fauna as including close upon 1500 marine and

1250 odd non-marine "
species

"
! This may all be very

magnificent ;
but it is not science !

The systematist will also have much cause to complain
of the classification adopted, which is certainly not in

accord with the latest views of the biologist. The extreme

stickler for priority in nomenclature, of whom we have

lately heard a good deal, will exclaim loudly against many
of the names, though, since full reference to the authority

is given in each case, there is perhaps not quite so much
to find fault with, although the references are not always
accurate.

On the other hand, we feel convinced that no one will

approve certain arbitrary changes in the nomenclature,

first proposed without comment or explanation in foot-

notes in the " Prodrome . . . Mollusques marins" (1886),

but here introduced into the text itself. M. Locard appears

to entertain special objection to the use of a substantive

as a specific name, and converts it into an adjectival form,

at the same time retaining the name of the original author

as its sponsor ! For example. Purpura lapillus appears
as P. lapillinaj Nassa granum is changed to N. grani-

formis ; Murex nux into M. nucalis; Aporrhais

pespelicani masquerades as A. pelecanipes; Pholas

dactylus is turned into P. dactylina. We also find

Cassis Sabiiron altered to C, Saburonij and Murex
scalaroides to M. scalariformis.

It would be interesting to learn on what principle, if

any, these alterations are made, since some names that

might apparently be equally objected to are left (fortu-

nately) untouched ;
whilst M. Locard's own names are
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not always unexceptionable, as witness Murex Braftdari-

formis.

If we comment thus strongly and at unmerited length

upon this production, it is not because we mean to imply
the work is altogether without merit, nor because we
fail to recognize the honesty of the attempt. It doubtless

to a certain extent supplies a want, and helps to fill a

void : it is well printed and on good paper, with a good
index, and some of the little illustrations are excellent.

The subject, however, is a worthy one, and deserving
of broader, and, we regret to have to say it, more
scientific treatment. This work, like Paetel's

"
Catalog

"

is a mere shell-collectors' book. What every student of

the subject must desire to see is a really good treatise,

worthy of the best traditions of French scientific work,
and of the land of the illustrious Lamarck

; one which
shall do for systematic French malacology as a whole
what Moquin-Tandon did for the terrestrial portion as

known to him
; and one that shall be done with the same

conscientious care which distinguished that eminent

naturalist, and which is characteristic of the work of

Lacaze-Duthiers, himself one of the last of a long line of

those distinguished biologists whom France has produced,
and of whom she is so justly proud. (BV)-.

MAN'S PLACE IN NATURE.
Nature and Man in North America. By N. S. Shaler.

Pp. 290. (London : Smith, Elder, and Co., 1892.)

PROF.
N. S. SHALER, in the introduction to his

new volume, gives a sketch of the plan of the work,
and as there seems to be some want of connection

between the different chapters, we prefer to quote the

author's own words as to the object he has in view. He
writes (p. vi.) :

—
"

It seems to me to be the duty of every naturalist,

particularly when he has adopted the tasks of the teacher,
to use each fit occasion to show wherein he finds proof
of a just confidence as to the relations of man to the

creative power which worksm Nature. By so doing.hemay
hope to help himself and his fellow-students to escape
from the perplexity which has been brought about through
the revolution in the opinions of men which modern
science has induced. With this end in view, I shall

devote the first four chapters of this book to a general
statement concerning the effect of critical conditions of

the earth on the development of organic life in general.
It will be my aim to show that geographic changes and
the consequent revolutions of the climate which our earth

has undergone, though rude and in a way destructive,
have nevertheless served the best uses of life, driving

organic creatures by the whips of necessity upward and
onward toward the higher planes of being.

"
I shall give the latter half of this essay to the dis-

cussion of geographic influences upon man, endeavoring
to show, at least in a general way, how the development
of race peculiarities has been in large part due to the

conditions of the stage on which the different peoples
have played their parts. I shall endeavor to trace in

outline the effect of the geographic conditions on the

development of peoples in the past, and to make a some-
what careful study of these problems as they are exhibited

in North America."

Less than half of Prof. Shaler's book is devoted to

Nature and man in America, but this part is decidedly the

best, and sho\*s more signs of care than the earlier

chapters. For these reasons, and because the title of the



January 7, 1892] NATURE 221

volume shows that the last hundred pages include the more

important part, we will first deal with chapters v. to viii.

Beginning with a sketch of the dependence of man on

his environment, the author proceeds to an account of the

effect of environment on the development of various races.

To the English reader one of the most interesting parts
of chapter v. will be the account of the effect of the

isolation and other physical peculiarities of Britain on
the development of the English race.

In chapter vi. the author more especially deals with the

dependence of the native races of North America on geo-

graphical and cHmatic conditions. This section leads by
a natural transition to the competition between the white

colonists and the Indians, and to the effect of barriers

and strongholds in retarding or helping the gradual

spread of the white races in North America.

Chapter vii. deals mainly with the relation of man to

soils and climate, with the introduction of the negro race,
and with the extent to which the negro and the white

races are likely to compete.
In chapter viii.. Prof. Shaler turns to the sparsely in-

habited regions west of the Mississippi, and here he
treats mainly of the capabilities for settlement of tracts

still untried by white men. He speaks of the climatic

conditions, of the probable value of the soils, of the re-

clamation of the arid regions by irrigation, and of the

probable fitness of the Western States for permanent
settlement by men of Aryan race : he concludes that this

part of America is capable of sustaining an enormous

population, and that white men can thrive in most parts
of it.

To those who have not read Prof. Shaler's articles in

Scribner's Magazine, we can recommend the last four

chapters of his book as giving an interesting and readable
account of man's relation to Nature in North America.
The first four chapters we cannot praise : they seem to

be largely made up of miscellaneous notes hastily put
together with little arrangement and without careful re-

vision
; they swell the bulk of the volume, but bear only

remotely on the relation between Nature and man in North
America.

Chapter i. treats mainly of the zoological and botanical

provinces of the present day, and their dependence on

physical barriers and on climate. These pages are full of

interspersed suggestions as to what might have been if

conditions had been different, but some of these sugges-
tions do not seem to have been carefully thought out, and
sometimes the author adopts irreconcilable views in

other parts of the same volume. We find, for instance,
numerous speculations as to the effect that would be pro-
duced by the diversion of the Gulf Stream, and, among
others, the following passage, in which, after speaking of

the lowering of the initial velocity that would follow from
a submergence of the peninsula of Florida, the author

observes (p. 21) :
—

"
It is mainly, if not altogether, to this initial velocity

that we owe the efficiency of the Gulf Stream as a warmth-

bringing current in high latitudes."

But on p. 129 we read :
—

"It is a well-known fact that our oceanic streams are,
in the main at least, a consequent of the movement which
the air has in the trade-winds of the tropical district."

NO. I 158, VOL. 45]

The author apparently does riot observe that if the

trade-winds are the main cause of the equatorial current,

it is probable that the persistent south-westerly winds of

the North Atlantic may also have much to do with the

ocean current which follows the same course.

In chapter ii.. Prof. Shaler speaks of the nature and

origin of continents, development of life, mountain

growth, saltness of the sea, &c. ; and in chapter iii., of

the permanence of continents, including a sketch of the

position of the shore-lines from pre-Cambrian times to the

Glacial epoch. Chapter iv. deals with a great variety ot

subjects, such as the condition of the faunas and florae in

Cambrian time, Croll's theory of the origin of coal-

measures, conditions of continental growth in Europe,

uniformity in past time of the composition of the atmo-

sphere, and variations in the Gulf Stream.

Prof. Shaler, in his first four chapters, deals so largely

with questions relating to the geographical distribution

of animals and plants, that it surprises us to find a good
many statements which more care in revision would

certainly not have allowed to pass. Thus, speaking of

local forms that must be developed through the long-
continued competition of different assemblages brought
into close proximity in a mountainous district, the author

remarks (p. 27) that :
—

" In a continent such as Europe, where a great diversity
in the mountain systems favours the localization of life

and the development of peculiar forms, the tendency is

to develop in separate mountain strongholds particular

species, and evolve their militant peculiarities until the
forms are fitted to enter into a larger contention with
their kindred species in less localized assemblages of
life."

The example is most unfortunately chosen, for of all

the continents Europe least illustrates the process ;
one

would have thought that no naturalist would have brought
forward the Europe of the present day as a good illus-

tration of the differentiation ot species on mountains and
in isolated valleys. Our Alpine flora and fauna, instead

of varying greatly on the different chains, are more
remarkable for their uniformity over all the continent.

Our valleys seldom, if ever, contain plants and animals

of local origin, for the Glacial epoch is of too recent a

date for many local forms to be developed, and has

affected Europe too seriously to allow many pre-glacial
forms to survive in their original limited stations. Had
Prof. Shaler pointed to the mountains of sub-tropical
and tropical America, with their local species of humming-
birds, we should not have objected. We have marked

many other equally questionable statements, which it

is surprising to find made on the authority of Prof.

Shaler.

The occurrence of various statements of doubtful

accuracy, the debatable character of much of the

evidence, and the complicated nature of the questions
dealt with, make us hesitate to endorse the author's

opinion that this book "
is particularly designed for

the use of beginners in the study of geology." Specu-
lations as to what might have been if conditions had
been different are scarcely suitable for the beginner in

any branch of natural science. The skilled naturalist or

geologist, able to discriminate, may obtain useful hints

from the present volume. C. R.
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OUR BOOK SHELF,
stones for Building and Decoration. By George P.

Merrill, Curator of Geology in the United States

National Museum. (New York: John Wiley and

Sons, 1891.)

This work deals almost exclusively with the building and

ornamental stones of the North American continent, the

references to similar rocks in Europe and elsewhere being

usually meagre and sometimes disappointing. As an

account of the rocks of the United States which are of

economic importance as building materials, the work is,

however, a very admirable one ; and, as might have been

expected in a treatise bearing the name of so well-known

an authority as Mr. Merrill, the book is replete with

valuable information both to the geologist and the

architect.

Mr. Merrill gives, in the introduction to his work, an

interesting sketch of the gradual substitution of stone for

wood as a building material among the early settlers in

New England, and then proceeds to sketch the distribu-

tion of the different varieties of building stones in the

several States and Territories of the Union. The chapters
which follow, on the minerals of building stones, and on

the physical and chemical characters of the rocks which

are employed in construction, are very admirably written ;

the illustrations of the microscopical structure of building

stones, and the remarks on the nature and causes of dis-

integration in different varieties, being alike excellent.

In classifying building materials, Mr. Merrill very wisely

adopts a combination of practical and scientific methods.

Among the crystalline and vitreous rocks, he distinguishes,
in the first place, those which are simple or made up of

one mineral only
—namely, steatite and soapstone, serpen-

tine (including the verdantique marbles), gypsum (in-

cluding alabaster and satin spar), and limestones with

dolomites. In dealing with the compound rocks, or those

built up of several different minerals, Mr. Merrill adopts
the usual petrographical distinction of massive and

schistose (or foliated) rocks. Thi former he divides into

the four groups of rocks containing free quartz, rocks

without quartz, but containing orthoclase felspar, rocks

with plagioclase felspar, and rocks without felspar.

The fragmental rocks are divided into the psammites
(sandstones, &c.), the pelites (clays, &c.), the volcanic

tuffs, and the rocks built up by organisms.
The chapters on the methods of quarrying, working,

and testing building stones are especially admirable, and
the illustrations of the great quarries of the United States,

reproduced from photographs, are of great interest. The
remarks on the processes which have been devised for

the protection and preservation of building stones, and
the tables giving the crushing strength, specific gravity,
ratio of absorption, and chemical composition of all the

chief varieties of building stone employed in the United

States, cannot fail to be of great value to practical men.
It would be hard to find a more admirable example of

the value of exact scientific knowledge when applied to

the treatment of economic questions than is afforded by
the work before us.

Les Champignons. Par A. Acloque. (Paris : J. B. Bail-

li^re et Fils, 1892.)

The author of this book has found much to interest him in

the study of his subject, and he communicates in a clear,

pleasant style the leading facts and laws which have been

brought to light by mycologists. Having presented in

an introductory chapter some general considerations,
he proceeds to deal with the subject from the ana-

tomical, the physiological, and the economical points
of view. Finally he gives a summary of mycological

taxonomy. The book belongs to the "
Biblioth^que

Scientifique Contemporaine," and is in every way worthy
of a place among the other volumes of the series.
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Theory of Heat. By J. Clerk Maxwell. Tenth Edition.

With Corrections and Additions by Lord Rayleigh.

(London : Longmans, Green, and Co., 1891.)

This book is so well known, and has been of such good
service to students, that it is scarcely necessary to do

more than note the fact that a tenth edition of it has

been issued. Only such corrections and additions have
been introduced as seemed, in Lord Rayleigh's judg-

ment, to be really called for. They are in great measure
derived from Clerk Maxwell's later writings.

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 intendedfor this or any other part of '^A.TVK^.

No notice is taken of anonymous communications.
"[

The Implications of Science.

Permit me, through your columns, to thank Mr. E. T. Dixon

for his letter, which appeared in Nature of December 10,

1891, p. 125, concerning my lecture on the implications of

science, and, very briefly, to reply to it.

He is very much mistaken in thinking that I place our know-

ledge of "the law of contradiction" and of "our own con-

tinuous existence" in the same category. I regard them as

truths fundamentally distinct. The former is an abstract

principle, the latter a particular fact. Since Mr. Dixon merely
affirms without arguing, he must permit me to contradict him,
and say that the law of contradiction is a necessary and objective

truth—one that does not merely express a " verbal convention,"

and is not
" of the nature of a definition." It is so objective

that Omnipotence itself could not violate it— could not, e.g.,

cause a creature to have at the same time both four and only
three legs. But "our continuous existence" is so far from

being a necessary truth that, if an Omnipotent Creator exists,

there can be no impossibility in our annihilation. That we can-

not be annihilated while we know we are actually existing is, of

course, true ;
but that fact, so far from serving Mr. bixon's

argument, is but an example of the validity of the law of contra-

diction. We cannot at the same time be both "consciously

existing" and "absolutely annihilated." My critic seems to be

still in bondage to that subjectivism and nominalism wherein I

was so long involved, and whence I only extricated myself

slowly and with much trouble.

As to memory, I said that we may, as everybody knows,
make mistakes, but that nevertheless we are as certain concern-

ing some parts of the past as of the present. Most assuredly I

am quite as certain that I read Mr. Dixon's letter as that I am
now in the act of replying to it. Our confidence in our memory
cannot depend upon induction, because, if we had it not at

starting, we could make no induction or enumeration whatever.

My "implications of science" are truths, and not "purely
verbal assertions," but I never affirmed any "peculiar certainty

"

for "mathematical conclusions." Helmholtz has never shown,
to my knowledge, that two straight lines could ever inclose a space.

Of course, if his supposed "dwellers on a sphere" chose, as

Mr. Dixon says, to apply that term to what are not straight

lines, different conclusions would follow. No one denies that

two curved lines can be conceived of as inclosing a space.

Similarly, if Mr. Dixon's inhabitants of the Dog Star chose, as

he again says, "to define four as i -F i -t- i," then for them

two and two would not be four. But who was ever so absurd

as to suppose they would be ? If any persons choose to give to

the term " an angle" the signification we express by the words
" a mutton chop," then certainly our conception of a triangle

would not apply ;
for three such angles would not be equal to

two right angles.
Mr. Dixon is good enough to instruct us that

" the law of con-

tradiction never tells us whether anything is or is not." But

what man out of Bedlam would suppose that a statement of an

abstract general law would inform us about a particular concrete

thing? On the other hand, the law of contradiction does not

tell us, and never by any possibility could tell us,
" that the terms

'
is

' and '
is not

'

are not applicable to the same thing
"—though
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by applying that abstract universal and necessary law to such

things as "terms," we see that a term applicable to anything
cannot at the same time be the very opposite.

Mr. Dixon says :

" If anyone chooses to say a thing both '
is

'

and '
is not,' there is no law against his doing so, only if he does

so he is not talking the Queen's English." But by so doing he

breaks the law of reason, if not the law of the land ; and,

indeed, to act on such a principle when on oath in a court of

law might, after all, have inconvenient consequences.

My critic is obliging enough to say in plain and simple terms :

" Dr. Mivart is wrong in speaking ofthe objective absolute validity

of the law of contradiction." To this 1 might content myself by

replying :

"
Quod gratis asseritur gratis negatur" ! But let us

avoid the use of the terms "is" and "is not": they are not

necessary for my purpose. Does Mr. Dixon really doubt

whether, if he had lost one eye, he would still remain, after

that loss, in the very same condition he was in before ? If any-

one does not see the objective impossibility of such a thing

everyivhere and cverywhen—i e. if he does not apprehend the

application of the law of contradiction—then he either does not

understand the question, or his mental condition is pathological.

The implications of science are implied. Men may pretend to

doubt them, their own existence, or the objectivity of mathe-

matical truths. But their practice shows their unfailing con-

fidence in them on each occasion as it arises—as when cheated

by false accounts, personally injured, or engaged in scientific

research. When we enter the laboratory, we leave these follies

outside. St. George Mivart.

Hurstcote, December 22, 1891.

Will you allow me to say a few words in reference to four

points in Mr. E. T. Dixon's indictment (Nature, December 10,

p. 125) of Mr. St. George Mivart?

(i) Mr, Dixon asserts that the law of contradiction "is not a

necessary truth at all, it only expresses a verbal convention"—
it "never tells us whether anything 'is 'or 'is not.' It only
informs us that the terms

'
is

' and '
is not

'

are not applicable
to the same thing." But though it may be only a " verbal con-

vention" that in "the Queen's English" not is the sign of

negation, it is not a mere verbal convention that if a signifies

the negation of A (whatever A may stand for), then A and a

"are not applicable to the same thing"
—as the law of contra-

diction asserts, and as Mr. Dixon himself allows. A highly
abstract law that is concerned with the relations of propositions

cannot, of course, tell us whether any particular thing exists or

not—but then no one has ever expected that it should ; and

moreover, assertions (or denials) of the "existence" of particular

objects are not the only "real" propositions (Mr. Dixon

appears to be misled here partly by the ambiguity olis).

(2) Mr. Dixon says that the law of gravitation
—like other

laws suggested by particular experiences
—depends ultimately

upon induction per emimerationen simplicem ; that is, upon an

inference of the form This A is X, that A is X, &=€.
(
= Some

A's are X), . '. All A's are X (for we can make nothing better

out of an induction by simple enumeration). But this inference

is merely an immediate inference, and moreover an illegitimate

one ; hence, according to Mr. Dixon's view, inductions have no

logical justification whatever.

(3) Further, Mr. Dixon asserts that
"
the supposed peculiar

certainty of mathematical conclusions is solely due to the fact

that they are truisms," or "
purely verbal assertions,"

—by which

I understand him to mean definitions. In answer to this I

should maintain that the peculiar certainty of mathematical

propositions, and the fact that here, by help of a single instance,

we unhesitatingly conclude to the universal, are (as I have

observed elsewhere) explicable by "the consideration that we
here see at once the connection, which in other cases we believe

on grounds very different from a perception of self-evident inter-

dependence of attributes. When the equality of the interior

angles of any one triangle to two right angles has been demon-

strated to us, we infer without a moment's doubt that the same
relation of equality may be asserted of the interior angles of

every triangle ;
and this because we have seen that with the

attributes signified by
' the interior angles of a triangle

'

there

is bound up the attribute of '

being equal to two right angles.
'

We believe that, if a certain amount of arsenic has on some occa-

sions produced death, it will always produce death, on the

ground that the apparent likenesses are connected with un-

apparent likenesses ; but we have not seen in this case (as we
have in the case of the triangle) that there is a self-evident
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interdependence. And here we see why it is that, in the case

of mathematical inductions, we do not need to use Mills
' Inductive Methods.'

"

(4) When Mr. Dixon goes on to say that, "z/the inhabitants

of the Dog Star defined 'twice,'
'

two,' and 'four' as we do,

then ' twice two ' would be to them ' four
'

;
but to say that it

was so could only give verbal information," he may be refuted

out of his own mouth. For he goes on to remark that,
"

if the

people in the Dog Star chose to define four as i -fi + i, the so-

called
'

necessary truth' would not even be true !

"
;
thus showing

clearly that it is the facts signified, and not the words which

signify them, that we are concerned with. According to Mr.

Dixon, it would be (for me) a necessary truth that I have a head-

ache, or am writing with a lead-pencil ; while inathematical

truths, in as far as
"

real," are obtained by induction, and are

therefore not necessary. I hold, on the contrary, that mathe-

matical truths, though obtained by induction, are "necessary
—that is, true under all circumstances— and that it is only by a

confusion between "
necessary

" and "certain
"

that a statement

of the apprehension of present fact can be called a
"
necessary

truth." E. E. C. Jones.

Cambridge, December 14, 1891.

Supernumerary Rainbows observed in the Orkneys,

I INCLOSE a letter just received. The writer has charge of

the anemometer formerly kept by the late Dr. Clouston. Dr.

Clouston first drew my attention to the extraordinary bow seen

at Kirkwall in 1871. My note is in the Quarterly Journal of

the Meteorological Society, vol. i, p. 237.
Robert H. Scott.

Meteorological Office, 63 Victoria Street, S.W.,
December 31, 1891.

Deerness Public School, Kirkwall, December 28, 1 89 1 .

Sir,—On reading your very interesting work^on
"
Elementary

Meteorology," I find, on p. 201, reference made to "an extra-

ordinary bow" which appeared at Kirkwall, November 13,

1 87 1, which you explain by the reflection of the sun's rays from

a water surface.

On Saturday, the 26th inst., at 3.20, when the sun was on the

horizon, I saw a very distinct rainbow ;
there was no trace what-

ever of the secondary bow, but between where it ought to have

been and the primary one there were several patches of what are

called "supernumerary
"
bows. The only colour I saw distinctly

was the red.

This lasted for about four minutes, when, finally, a second

bow appeared just inside the primary, with the colours arranged
as in the primary

—not reversed, as the secondary. The space
between the violet of the primary and this one was almost nil.

The red next the violet of the primary was about as distinct as

that of the primary. The orange and yellow were distinct also,

but the others could hardly be seen. This was, no doubt, owing
to the fading light of day, and to the dark colour of the clouds

in the north-east, where the bows appeared. These lasted dis-

tinctly and complete for about one minute. The bows formed,

as is well known, half a circle. The sun was setting behind land

at the time, and the wind was blowing at the rate of forty-five

miles, so that there could be no water reflection.

If I am not troubling you too much, would you kindly say if

this is unusual, and if caused by the "interference" of rays?
Yours respectfully,

(Signed) M. Spenxe.

Aurora Borealis,

A FINE display of aurora was observed here on the even-

ing of January 4. A faint northern glow was seen at 8.30,
which quickly grew in brightness, and at 8.45, streamers in

great quantity were visible. At 9 these became tinted with

glowing red on their upper [portions. After exhibiting lively

motions for a quarter of an hour or so, the phenomenon settled

down into a brilliant and steady arch of light, red on the outside

and white within, resting on what appeared to be a bank of

dark cloud. By eye estimate this arch would extend about 90
along the horizon, its apex over the north-north-west from

25° to 30° in heijiht. The glow was still visible at 10 p.m.,

though considerably diminished in intensity. During the whole
of the day a dry and frosty north-west wind prevailed, and the

temperature at lo p.m. was 28". J. LovEL.

Driffield, East Yorkshire, January 5.
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A Double Moon.

On December 22, a well-defined double moon was seen 7m.
before'sunrise, which is here now at about 7. The fictitious moon
was as a disk of white glass, through which the under-lapping

part of the true moon could be seen. Atmospheric conditions

being similar next morning, I watched for a repetition of the

phenomenon, but- after some abortive efforts, consisting of

repeated, momentary, ill-defined projections of the moon's shape
at a distance of three times the space occupied by her diameter,
it was finally "given up." Rose Mary Crawshay.
Mentone, Hotel du Louvre, December 30, 1891.

ON THE RELA TION OF NA TURAL SCIENCE
TO ART>

II.

•'PHERE is yet another direction in which art owes in-
-*- structive disclosures to the progress of photography.

In the year 1836, the brothers William and Edward Weber
represented, in their celebrated work on the

'' Mechanism
of the Human Locomotive Apparatus," a person in the

act of walking, in those attitudes which, according to

theoretical calculation, must occur successively during one

step. Thence a strange fact became apparent. At the

beginning and end of each step, while the body rests for

a short time on both feet, the pictures agree perfectly
with the ordinary way in which painters have been
accustomed to represent walking persons. But during
the middle of the step, while one foot is swinging past
the other, the effect is highly eccentric, not to say ludi-

crous ;
the individual appears to be stumbling over his

own feet like a tipsy fiddler, and nobody had ever been
seen walking in such a way. On the last page of their

book, the brothers Weber propose to test the correctness

of their diagrammatic figures by the aid of Stampfer and
Plateau's stroboscopic disks, in the shape of Horner's

Daedaleum,' which has, strange to say, returned to us

from America as a new invention, under the name of

"zoetrope" or even "
vivantoscope" ;

but whether the

proposal was carried out or not, does not appear.

However, William Weber lived to see his assertions

thoroughly justified almost half a century later by in-

stantaneous photography. It was first put into practice
in 1872 by Mr. Eadweard Muybridge at the suggestion of

Mr. Stanford, in order to fix the consecutive attitudes of

horses in their different paces. The result was the same
as in Weber's diagrammatic figures ; pictures were ob-

tained which nobody could believe to have seen in reality.
On photographs of street life and processions the camera

frequently surprised people in attitudes quite as odd as

those attributed to them by the brothers Weber on
theoretical grounds. The same is the case with the

remarkable series of photographs of a flying bird during
one beat of its wings, obtained by M. Marey with his

photographic gun.
The explanation is known to be as follows : An object

in motion, the speed of which varies periodically, leaves
a deeper and more lasting impression on our mind in

those positions which it occupies longest, while the

impression is fainter and more fleeting in those through
which it passes quickly. Apart from all knowledge of

this law, a painter would never represent a Dutch clock

in a cottage with the pendulum at the perpendicular, as

every spectator would inquire why the clock had been

' An Address delivered by E. du Bois-Reymond, M.D.. F.R.S., at the

annual meeting of the Royal Academy of Sciences of Berlin in commemora-
tion of Leibnitz, on July 3, 1890. Translated by his daughter. This Address
was first printed in the weekly reports {Sitzungsberichte) of the Berlin

Academy, then m Dr. Rodenberg's Deutsche Ruitdschau, and lastly it was
published as a separate pamphlet by Veit and Co., at Leipzig, 1891. Con-
tinued from p. 204.

2
Philosophical Magazine, January 1834, 3rd Series, vol. ii., p. 36.

Stopped. The pendulum, having'swung in one direction,

necessarily stops for a moment while preparing to return

in the other, and consequently its diverging position is

more vividly stamped on our minds than those during
which it passes through its position of rest with a maximum
of speed. Precisely the same thing occurs with the alter-

nately swinging legs of a man during the act of walking ;

the body remains longest in the position in which both
feet support it, and shortest in that during which one
foot swings past the other. We therefore receive scarcely

any impression from the latter series of attitudes. We
imagine a walking person, and painters accordingly

represent him, in the interval between two steps, with both
feet touching the ground.

In the case of a running horse, however, particular
circumstances intervene. However rapid the succession

of instantaneous photographs, we never obtain the usual

image of a racing horse such as it appears in large
numbers in the print-shops at the racing season, and such
as we suppose we actually see in reality. It is different

in the case of man
;

there among pictures obtained

methodically or by chance, which have, so to speak, never

been perceived by the naked eye, some will always occur

which agree with the usual aspect of a walking person.
The difference consists in this, that in a racing horse the

interval of time, during which the fore-legs remain in

complete extension, does not coincide with that during
which the hind-legs are fully extended. Both these posi-
tions prevailing in our memory, they are subsequently
blended into the traditional picture of a racehorse, whereas
instantaneous photography fixes

'

them successively.

Consequently the traditional picture is wrong, and
exhibits the horse in a position through which it does

not even transitorily pass.
In the year 1882, an illustrated American paper brought

out a picture of a steeplechase, in which all the horses are

copied from Muybridge's photographs, in attitudes only
visible to a rapid plate. This ingenious sketch was com-
municated to us by Prof. Eder in Vienna, in a pamphlet
on instantaneous photography, and a stranger spectacle
cannot well be imagined. The correctness of these

apparently wrong pictures can, however, be proved by
realizing the idea originally suggested by the brothers

Weber, and integrating into a general impression the

periodical motion which has been resolved, as it were,
into differential pictures. This is done by gazing in the

dasdaleum at a series of photographs taken at sufficiently

brief intervals from an object in periodical motion, or

illuminating or projecting it momentarily during its

rapid flight past the eye. The latter method has been

put into practice by Mr. Muybridge himself in his
"

zoopraxiscope," and with us in the electric stroboscope

by Mr. Ottomar Anschiitz, a most skilful handler of instan-

taneous photography. In both instruments we see men
and horses reduced to their natural mode of walking,

running, or jumping
—with one exception. The speed

with which the slits of the daedaleum pass before the

eye, or the period during which each picture is illuminated,

being exactly the same for the whole series, the general
effect produced is somewhat different from what it would
be in real life. On the whole, however, the position
in which both feet are touching the ground, prevails, be-

cause the motion of the legs slackens when approaching
this position, so that the pictures follow each other more

closely and almost coincide.

The series of instantaneous photographs taken by Mr.

Muybridge and Mr. Anschiitz from an athlete, during the

performance of a muscular effort, are an inexhaustible

source of instruction to students of the nude. Mr.
Anschiitz's stroboscope exhibits a stone- and a spear-
thrower in all the different stages of their violent action :

their muscles are seen to swell and slacken, until finally

the missile is represented after its discharge, as it cannot

move any faster than the hand in the act of hurling it.
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Animal painters will find equally useful the instantaneous

photographs which Mr. Muybridge and Mr. Anschiitz

have obtained from domestic and wild animals.

Even on breakers in a stormy sea the camera has been

employed with surprising success. In making use of

these photographs, painters should, however, remember
that the human eye cannot see the waves as a rapid

plate does, and beware of producing a picture which in

certain respects would be quite as incorrect as the clock

which appears to have been stopped, or the man stumbling
over his own feet.

Finally, the traditional representation of lightning in

the shape of a fiery zigzag has been recently proved by
Mr. Shelford Bidwell, on the evidence of two hundred
instantaneous photographs, to be just as wrong as the tra-

ditional picture of a racing horse. Mr. f>ic Stuart Bruce
endeavours to vindicate the zigzag by taking it for a
reflection on cumulus clouds ;

^
it is, however, difficult to

understand how its sharp angles can be accounted for in

this way.
Prof, von Briicke has devoted a special essay to the rules

for the artistic rendering of motion, which, together with
the laws on the combination of colours, have at all times
been unconsciously followed by the great masters.
A cultivated and artistically gifted eye, supported

by sufficient technical knowledge, was always able to

compose genuine works of art in photography, as Mrs.
Cameron long ago proved. In our days, Dr. Vianna de
Lima has shown how this branch of art has been
advanced and extended by instantaneous photography.
It contributes a solution to Conti's question in Lessing's
" Emilia Galotti

"—whether Raphael, had he been born
without hands, would not the less have been the greatest
of painters. The photographic plate has been described
as the true retina of the philosopher ; and one might
add, of the artist, if it were not unluckily almost colour-

blind. Unfortunately, theoretical reasons which experience
will hardly contradict render it highly improbable that

the expectations still entertained by artists and the

general public, with regard to photography in natural

colours, will ever be realized.

Whether photography does not act unfavourably on
the reproductive arts, such as engraving, lithography, and

woodcutting, by taking their place to an increasing

extent, remains to be proved. Its fidelity is certainly
such as, in a certain sense, to lower the value of the

original drawings of old masters, by making them
common property. An exhibition, arranged by one of

our art-dealers several years ago, of the best engravings
of the

" Madonna della Sedia," together with a photograph
from the original, first opened our eyes to the extent to

which each master has embodied in his copy his own
individual conception. But even were photography to

cause such a retrogression in the reproductive arts, of

what importance would that be, compared to the im-

measurable services which, as a means of reproduction
itself, it renders art, by disseminating the knowledge and

enjoyment of artistic work of all kinds and periods ? No
one can fully estimate and appreciate what it has done to

beautify and enrich our life, whose memory does not

reach back into those, as it were, prehistoric times,
"when man did not yet travel by steam, write and speak

by lightning, and paint with the sunbeam."
Is it credible, after all this, that there can be any need

of mentioning the benefits derived by art from the

study of anatomy? Has not the "Gladiator" of the Palazzo

Borghese given rise to the conjecture that there were
anatomical mysteries among the Greek artists, as the

only means by which they could have obtained such

complete mastery of the nude .' Was it not through in-

cessant anatomical studies that Michael Angelo acquired
the knowledge necessary for the unprecedented boldness

of his attitudes and foreshortenings, which are still a

I Nature, vol. xlii. pp. 151 and 197.
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source of admiration to anatomists such as Prof.

Henke and Prof, von Briicke ? Has not provision
been made by all Governments that methodically en-

courage art, to afford to students an opportunity of

training the eye on the dead subject to note what they
will have to distinguish under the living skin ? Have
not three successive teachers, who afterwards became
members of this Academy, been intrusted with this

important duty in Berlin 1 Finally, do we not po'ssess
excellent compendiums of anatomy specially adapted to

the use of artists ?

And yet the most renowned English art critic of the

day, who in his country enjoys the reputation and
veneration of a Lessing, and who lays down the law with

even more assurance—Mr. John Ruskin—explicitly forbids
his pupils the study of anatomy in his lectures on
"The Relation of Natural Science to Art,"

'^

given before

the University of Oxford. Even in the preface he de-

plores its pernicious influence on Mantegna and Diirer,
as contrasted with Botticelli and Holbein, who kept
free from it. "The habit of contemplating the anato-

mical structure of the human form," he continues,
"

is

not only a hindrance but a degradation, and has been

essentially destructive to every school of art in which it

has been practised." According to him, it misleads

painters, as for instance Diirer, to see and represent

nothing in the human face but the skull. The artist

should "take every sort of view of animals, in fact,

except one—the butcher's view. He is never to think of

them as bones and meat."
It would be waste of time and trouble to refute this

false doctrine, and to set forth what an indispensable aid

anatomy gives to artists, without which they are left to

grope in the dark. It is all very well to trust one's own

eyes, but it is better still to know, for instance, how the

male and female skeleton differ ; why the kneecap
follows the direction of the foot during extension, and
not during flexion of the leg ; why the profile of the upper
arm during supination of the hand differs from that

during pronation ;
or how the folds and wrinkles of the

face correspond to the muscles beneath. Campe's facial

angle, though superseded for higher purposes by Prof.

Virchow's basal angle, still reveals a world of information.

It is hardly conceivable how, without knowledge of the

skull, a forehead can be correctly modelled, or the shape
of a forehead such as that of the

"
Jupiter of Otncoli " or

the
" Hermes" be rightly understood. Of course fanciful

exaggeration of anatomical forms may lead to abuse, as

is frequently the case with Michael Angelo's successors ;

however, there is no better remedy against the Michael

Angelesque manner than earnest study of the real.

Finally, a superficial knowledge of comparative anatomy
helps artists to avoid such errors as an illustrious master
once fellinto,whogave the hind-leg of a horse one joint too

many ;
or such as amuses naturalists in the crocodile ot

the Fontaine Cuvier near the Jardin des Plantes, which
turns its stiff neck so far back that the snout almost

touches the flank.

We are, however, less surprised at Mr. Ruskin's opinions,
on learning that he similarly prohibits the study of the

nude. It is to be confined to those parts of the body
which health, custom, and decency permit to be left un-

covered, a restriction which certainly renders anatomical

studies somewhat superfluous. It is satisfactory to think

that decency, custom, and health allowed the ancient

Greeks more liberty in this respect. Fortunately, the

English department of the Berlin International Exhibition

four years ago has convinced us that Mr. Ruskin's

dangerous paradoxes do not yet generally prevail, and
that we are free to forget them in our admiration of Mr.
Alma Tadema's and Mr. Herkoiner's paintings. Nor
could Mr. Walter Crane's charming illustrations, the

I "The Eagle's N'est : Ten Lectures on the Relation of Natural Science
to Art." 1887.
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delight of our nurseries, have been produced without dis-

regard of Mr. Ruskin's preposterous doctrine.
In the same lecture Mr. Ruskin opposes with the

utmost vehemence the theory of evolution and natural

selection, and the aesthetic rule founded on it, according to

which vertebrate animals should not be represented with
more than four legs.

" Can any law be conceived," hesays," more arbitrary, or more apparently causeless ? What
strongly planted three-legged animals there might have
been ! what systematically radiant five-legged ones ! what
volatile six-winged ones ! what circumspect seven-headed
ones ! Had Darwinism been true, we should long ago
have split our heads in two with foolish thinking, or thrust

out, from above our covetous hearts, a hundred desirous
arms and clutching hands, and changed ourselves into

Briarean Cephalopoda."
Obviously, this false prophet has no notion of what in

morphology is called a type. Can it be necessary to

remind a countryman of Sir Richard Owen and Prof.

Huxley that the body of every vertebrate animal is based
on a vertebral column, from which it derives its name,
expanding at one end into a skull, reduced to a tail at the

other, and surrounded before and behind by two bony
girdles, the pectoral and the pelvic arches, from which
depend the fore and hind limbs with their typical joints?
The very fact that palaeontology has never known any form
of vertebrate animal to depart from this type is in itself

a striking argument in favour of the doctrine of evolution,
and against the assumption of separate acts of creation ;

there being no reason why a free creative Power should
have thus restricted itself So little will Nature deviate
from the type once given, that even deformities are traced
back to it by teratology. They are not really monstrosi-
ties ; not even those with a single eye in the middle of the

forehead, which Prof. Exner takes to be prototypes of
the Cyclops, Flaxman being certainly mistaken in repre-
senting Polyphemus with three eyes

—two normal ones
which are blind, and a third in the forehead. Real mon-
strosities are those winged shapes of Eastern origin,
invented by a riotous fancy while art was in its child-
hood : the bulls of Nimrud, the Harpies, Pegasus, *lhe

Sphinx, the griffin, Artemis, Psyche, Notos of the Tower
of Winds, the goddesses of Victory, and the angels of
Semitic-Christian origin. A third pair of extremities,
(Ezekiel even admits a fourth) is not only contrary to the

type, but also irrational in a mechanical sense, there being
no muscles to govern them. In the "

Fight with the

Diagon," Schiller has happily avoided giving his monster
the usual pair of wings ; and in Retzsch's illustrations its

shape agrees so far with comparative anatomy as to recall
a Plesiosaurus orZeuglodon returned to life and changed
into a land animal

; indeed, the resemblance between those
animals and the mythical dragon has led to the question
whether the first human beings might not have actually
gazed upon the last specimens of those extinct animal races.
An abomination closely related to the winged beasts are

the Centaurs, with two thoracic and abdominal cavities,
and a double set of viscera

;
the Cerberus and Hydra, with

several heads on as many necks ; and the warm-blooded

Hippocamps and Tritons, whose bodies, destitute of hind

limbs, end in cold-blooded fish—an anomaly which already
shocked Horace. If they had at least a horizontal tail fin,

they might pass for a kind of whale. The cloven-footed
Faun is less intolerable ;

from him our Satan inherited his

horns, pointed ears, and hoofs, on account of which Cuvier,
in Franz von KobelFs witty apologue, ridicules him as an
inoffensive vegetable feeder. The heraldic animals, such
as the double eagle and the unicorn, have no artistic pre-

tensions, and their historical origin entitles them to an

indulgence they would otherwise not deserve.

It is a remarkable instance of the flexibility of our sense
of beauty that, though saturated with morphological
principles, our eye is no longer offended by some of these

monstrosities, such as the winged Nike and the angels ; and
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it would perhaps be pedantic, certainly ineffectual, to

entirely condemn these traditional and more or less sym-
bolical figures, though in fact the greatest masters of the
best epochs have made very slight use of them. There
are, however, limits to our toleration. Giants, as they
occur in our Gigantomachia, with thighs turning half-way
down into serpents, which consequently rest, not upon two

legs, but upon two vertebral columns ending in heads and
endowed with special brains, spinal cords, hearts, and in-

testinal canals, special lungs, kidneys, and sense-organs—
these are, and always will be, the abhorrence of every

morphologically trained eye. They prove that, if the

sculptors of Pergamon surpassed their predecessors of
the Periclean era in technical skill, they were certainly
second to them in artistic refinement. Perhaps they
should be excused on the plea that tradition bound them
to represent the giants with serpent legs. The Hippo-
camps and Tritons, with horses' legs and fish-tails, which

disfigure our Schlossbri.icke, date from a period in which
classical taste still reigned supreme, and morphological
views were still less widely diffused than at present.
Let us therefore pardon Schinkel for designing or at

least sanctioning them, as well as the winged horse and

griffin on the roof of the Schauspielhaus, for which he
must also be held responsible. But our indignation is

justly aroused when a celebrated modern painter depicts
with crude realism such misshapen male and female
monsters wallowing on rocks, or splashing about in the

sea, their bodies ending in fat shiny salmon, with the

seam between the human skin and the scaly cover

scantily disguised. Such ultramarine marvels are

worshipped by the crowd as the creations of genius ;

then what a genius Hollen-Breughel must have been !

Curiously enough, the inhabitants of the caves of

Perigord, the contemporaries of the mammoth and
musk-ox in France, and the bushmen whose paintings
were discovered by Prof. Fritsch, only represented as

faithfully as possible such animals with which they were
familiar

;
whereas the Aztecs, a people of comparatively

high civilization, indulged in fancies of more than

Eastern hideousness. It would almost appear as if bad
taste were associated with a middle stage of culture.

With regard to the teaching of anatomy in schools of

art, the above proves that it should not be confined to

human osteology, myology, and the doctrine of locomotion

alone, but that it should also endeavour—and the task

is not difficult—to familiarize the student with the

fundamental principles of vertebral morphology.
Botanists should in their turn point out such violations

of the laws of the metamorphosis of plants as must, no

doubt, frequently strike them in the acanthus arabesques,

palmettos, rosettes, and scrolls, handed down to us from

the ancients. From obvious reasons, however, these

cannot affect them as painfully as malformations of men
and animals, being in themselves repulsive to natural

feelings, would the comparative anatomist. Moreover, a

beneficial revolution has recently taken place in floral

ornament. The displacement of Gothic art by the

antique during the Renaissance had led to a dearth of

ideas in decorative art. The rich fancy and naive

observation of nature, displayed upon the capitals of

many a cloister, had gradually given way to a fixed con-

ventionalism, no longer founded on reality. Rauch, at

Carrara, in search of a model for the eagles on his

monuments, was the first to turn to a golden eagle,

accidentally captured on the spot, instead of to one of

the statues of Jupiter. It was then that, towards the

middle of the century, decorative art began to shake

off its fetters, and, combining truthfulness with beauty,
returned to the study and artistic reproduction of the

living plants with which we are surrounded. In this

respect the Japanese had long ago adopted a better

course, and to them we have since become indebted for

many suggestions. Thus highly welcome additions were
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made to the decoration of our homes, and the ornaments
of female dress.

In one direction, however, it will be observed that men
of science readily dispense with a strict observation of

the laws of nature in art, at the risk of being charged
with inconsistency. In works of art, both ancient and

modern, flying and soaring figures occur in thousands.

These, no doubt, sin against the omnipotent and deeply
felt laws of gravity quite as much as the most loathsome
creations of a depraved imagination against the principles
of comparative anatomy, familiar only to a few adepts.
Nevertheless they do not displease us. We prefer them
without wings, because wings are contrary to the type,
and could be of no use to them without an enormous
bulk of muscle. But we do not mind the Madonna
Sistina standing on clouds, and the subordinate figures

kneeling on the same impossible ground.
"
Ezekiel's

Vision" in the Palazzo Pitti is certainly less acceptable.
But to quote modern examples, Flaxman's " Gods flying to

the aid of the Trojans," or Cornelius's Apocalyptical riders,

and Ary Scheffer's divine Francesca di Rimini, with
which Dorc had to enter into hopeless competition, are

not the less enjoyable because they are physically im-

possible. We do not even object to Luini's representing
the corpse of St. Catharine carried through the air by
angels, or to that of Sarpedon, in Flaxman's drawing, by
Sleep and Death.

In an interesting lecture on the
"
Physiology of Flying

and Soaring in the Fine Arts," Prof. Exner endeavours
to explain why illustrations of men and animals in

this condition, though impossible and never visible in

real life, strike us as familiar and natural. I do not

profess to agree entirely with the solution which he

appears to prefer. His idea is, that our sensations in

swimming, and the position in which we see persons
above us in the water when diving, are similar to

what we would experience in flying. Considering what
a short time the art of swimming has been generally

practised by modern society, especially by ladies, who
nevertheless appreciate flying figures just the same,
doubts arise as to the correctness of Prof. Exner's

explanation. To attribute the feeling to atavism in a
Darwinian sense, dating from a fish-period in the

development of man, seems rather far-fetched. And do
not the sensations and aspect of a skater come much
nearer to flying or soaring than those of a swimmer.'*

Another remark of Prof. Exner, which had also

occurred to me, appears more acceptable. It is, that

under especially favourable bodily conditions we experi-
ence in our dreams the delicious illusion of flying. For

"in each soul is born the pleasure
Of yearning onward, upward, and away,
When o'er our heads, lost in the vaulted azure,
The lark sends down his flickering lay,
When over crags and piny highlands
The poising eagle slowly soars,
And over plains and lakes and islands
The crane sails by to other shores." 1

Who would not long, like Faust, to soar out and away
towards the setting sun, and to see the silent world bathed
in the evening rays of eternal light far beneath his feet ?

And when we long for anything, we love to hear of it, and
to see it brought before us in image. Our desire to rise into

the ether, and our pleasure in "Ascensions" and similar

representations, are further enhanced by the ancient belief

of mankind in the existence of celestial habitations for

the blessed beyond the starry vault ;
a belief which

Giordano Bruno put an end to, though not so thoroughly
but that we are constantly forgetting how badly we should

fare, were we actually to ascend into those vast, airless,

icy regions, which even the swiftest eagle would take

years to traverse before alighting on some probably
uninhabitable sphere.
We are now inclined to reverse the question, and to

* Translation of Goethe's "
Faust," by Bayard Taylor.

NO. I 158, VOL. 45]

ask : What have sculpture and painting been able to do
for science in return for its various services ? With the

exception of external work, such as the representing of

natural objects, not much else than the results obtained

by painters as to the composition and combination of

colours, which, however, have not exercised as strong
an influence on chromatics as music on acoustics. It is

known that the Greeks possessed a canon of the propor-
tions of the human body, attributed to Polycletes, which,
as Prof. Merkel recently objected, unluckily only applied
to the full-grown frame, to the detriment of many ancient

works of art. The blank was not systematically filled up
till the time of Gottfried Schadow. This canon has
since become the basis of a most promising branch of

anthropolog)'
—

anthropometry in its application to the

human races.

If the definition of art were stretched so far as to in-

clude the power of thinking and conceiving artistically,

then indeed it would be easy enough to find relations

and transitions between artists and philosophers, though,
as we remarked at the beginning, their paths diverge
so completely. But it is not so certain that natural

science would necessarily be benefited by an artistic con-

ception of its problems. The aberration of science at the

beginning of this century known as German physio-

philosophy owed its origin quite as much to aesthetics as

to metaphysics, and the same erroneous principles guided
Goethe in his scientific researches. The artistic concep-
tion of natural problems is in so far defective, as it con-

tents itself with well-rounded theoretical abstractions,
instead of penetrating to the causal connection of events,
to the limits of our understanding. It may suffice in

cases where analogies are to be recognized by a plastic

imagination between certain organic forms, such as the

structure of plants or vertebrate animals
;

but it fails

altogether in subjects such as the theory of colours,

because it stops short at the study of what are supposed
to be primordial phenomena, instead of analyzing them

mathematically and physically. Prof, von Briicke subse-

quently, by the aid of the undulatory theory, traced to

their physical causes the, colours of opaques on which
Goethe founded his theory of colours, and which to this

day have tended rather to darken than to enlighten
certain German intellects. The difference between artistic

and scientific treatment becomes very evident in this

example.
Nevertheless, it cannot be denied that artistic feeling

may be useful to scientific men. There is an aesthetic

aspect of experiment which strives to impart to it what
we have termed mechanical beauty ;

and no experimenter
will regret having responded to its demands as far as was
in his power. Moreover, the transition from a literary to a
scientific epoch in the intellectual development of nations
is accompanied by a tendency to brilliant delineation of

natural phenomena, arising from the double influence of

the setting and the dawning genius Instances thereof

are Buffon and Bernardin de Saint-Pierre in France, and
Alexander von Humboldt in Germany, who, to his ex-

treme old age, remained faithful to this tendency. In
the course of time, this somewhat incongruous mixture of

styles splits into two different manners. Popular teach-

ing preserves its ornamental character, while the results

of scientific research only claim that kind of beauty which
in literature corresponds to mechanical beauty. In this

sense, as I long ago ventured to indicate here on a similar

occasion, a strictly scientific paper may, in tasteful hands,
be made as finished a piece of writing as a work of

fiction. To strive after such perfection will always repay
the trouble to men of science

;
for it is the best means of

testing whether a chain of reasoning, embracing a series

of observations and conclusions, is faultlessly complete.
And this kind of beauty, which often graces, uncon-

sciously and unsought for, the utterances of genius, will

no doubt be also found to adorn Leibnitz's writings.
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T

CHRONOPHOTOGRAPHY, OR PHOTOGRAPHY
AS APPLIED TO MOVING OBJECTS}

HIS subject forms the basis ot a very interesting

article, in the Revue Gcnerale des Sciences, by Prof.

Marey, who explains a new method for the analysis of

the movements of various bodies that are under con-

sideration, more especially in biological than in physical
science. Our readers may remember a book that ap-

peared in the year 1882, entitled
" The Horse in Motion,"

published under the auspices of Leland Stanford. Mr.

Stanford, wishing to study the relative positions of the

feet of horses in rapid motion, employed Mr. Muybridge,
who was then noted as a very skilful photographer, to

carry out a series of experiments. The success which

rewarded their endeavours revealed so much that seemed
of importance, that he determined to make a complete

study of the subject, and with this intention employed
Dr, J. D. B. Stillman, to whom he intrusted the under-

taking.
The method the last mentioned adopted was very

similar to that employed later by Mr. Muybridge, the

differences being that he only made use of one series of

cameras, and that the plates were exposed by the break-

ing of threads by the moving object. The revolving
disk was also in vogue then, for taking movements of

running dogs, flights of birds, &c., only it was not used

to obtain the movements of the horse, as it was found

extremely difficult to set the apparatus in motion at the

exact moment required, and to regulate it to the speed of

the horse.

It is important, next, to refer to the results obtained by
Mr. Muybridge in his later experiments, carried out at

the University of Pennsylvania, which were published in

a large book containing all the series of photographs.
The following is a brief account of the method he used.

It consisted in the employment of three batteries, each

containing twelve cameras. The object of working with

three batteries was to enable him to obtain photographs
from three points of view simultaneously, and the manner
in which he arranged them was as follows. One battery
was set parallel to the track along which the object to

be photographed moved, so that its image would be

formed on each plate successively as it passed before the

lenses ; and since the distance between the object and
each camera was constant, only one focus was required.
Placed at right angles to this track, and directed up and
down it, were fixed respectively the two other batteries,
and the cameras in these were so adjusted as to have in

their field of view the same series of positions as seen in

the first battery, only of course from two different stand-

points ;
but since in this case the distance between the

object and the cameras was always varying, each of the

latter had to be specially adjusted for its own focus.

The instantaneous shutters of all the cameras were

connected by wires to a set of twelve metal studs situated

on the circumference of a disk, each stud being fastened

to a set of three wires, each of which comes from the

first camera in each battery, the second set from the

second cameras, and so on.

A second disk, placed close by, and carrying a brush,
was made to rotate, the brush coming in contact with

each of the studs in turn. By this means, a series of

currents was sent to these groups of three cameras inter-

mittently ; and, as each contact was made, three shutters

were simultaneously released—one in each of the series
—

giving a group of three synchronous pictures of the

object that was moving on the track, showing the fore,

hind, and lateral views.

One of the first attempts of Prof. Marey consisted

in placing on each foot of the moving animal elastic

cushions, which were connected with a chronograph by
' We are obliged to the editor of the Revue Generale ties Sciences for

permission to use the illustrations reproduced in this article.
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means of flexible tubes. As each foot came in contact

with the ground, a record of the impact was obtained,
from which interesting results were deduced relating to

the peculiarities of the succession of steps, and the time-

intervals separating them.

Having referred above to the earlier experiments, we
will now mention the very recent work carried out by
him. The method that he here adopts differs consider-

ably from his first endeavour, and also from that em-

ployed by Muybridge and Stillman. Instead of using

many cameras, and therefore many plates, he works with

one camera and one plate, and it is on this
plate

that he

produces his scries of photographs. The objects that he

wishes to study move in front of a dark background,
which is situated directly opposite the camera. Fitted

to the camera is a large disk with openings in it, and
which is capable of quick or slow rotation in a vertical

plane.

During the passage of otte of these openings before the

lens, the moving object has its image cast on the photo-

graphic plate, and is there recorded : as soon as the

aperture has passed, no light can fall on the plate unti

the next opening comes opposite. As soon as this arrives,

another picture is taken in the same way, but, during the

interval that has just elapsed, the object, having changed
its place, forms its image naturally on another part of

the plate. By continuing this process, one can easily see

that, on the plate being developed, a series of successive

images will be seen extending from one side to the other.

With a very slow-moving object, this method cannot

be applied so well, unless an intermittent rotation be

given to the disk, as we should have a series of overlap-

ping images quite undistinguishable from one another.

The following illustration (Fig. i) is an example of a

Fig. I.—Arab horse at full gallop.

picture obtained by using a continuously revolving disk.

Between each exposure it will be seen that the horse has
not even travelled its own length, but only a little over

half, so that the mingling of all the images results in a

picture that is useless for purposes of study. The ques-
tion which was raised from such results as shown in the

above figure may be formulated thus : How is it possible
to reduce the surface of the object, and yet be able to

record the movements of its principal members photo-

graphically ? The following very artful device, which is

shown in the next illustration (Fig. 2), exemplifies the

manner in which Prof. Meyer solved the question. By
dressing the object in black, employing a dark back-

ground, and placing on the members, the movements ot

which he wished to investigate, white lines and spots, he
was able to increase the number of exposures per second
without introducing overlapping, and to record the suc-

cessive positions taken up by them.
We must mention here that the experiments were only

carried out with a man as object ;
if a horse had been

taken, it would have been necessary to have dressed it in

black, and to have put the distinguishing marks on either

one of the fore or hind legs, and not on both at once ;

otherwise there would have been two complete series of

images recorded on one plate at the same time, and over-

lapping each other.
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In another illustration we have an interesting set of atti-

tu !es assumed by a running man dressed in this costume
being photographed in a given time is very largely in-

creased, while the overlapping is only slightly apparent.
Another case is that shown in Fig. 4, which represents

a man jumping. The several phases of movement are
here also well discernible, and the images were recorded
at the rate of twenty-five per second.

Although the method employed above suited admirably
for such purposes as we have mentioned, yet Prof. Marey
found that he could not use it without modification for all

the cases to which he wished to apply it. The apparatus
which he then constructed, and of which a complete de-
tailed accountjs given in his article, is shown in Fig. 5, and

Fig. 2.—Man dressed in black, ani corsequently invisible when passing
before a dark background. The white lines which are shown on hi.s

arms, legs, and on the sole of one foot are the only parts the successive

phases of which can be recorded.

(Fig. 3). The lines in the figure indicate the sequence
of positions m which the above-mentioned distinguishing

Fig. 3.
—Images of a runner, showing the white marks which represent the

attitudes of the principal members. Chronophotography on a fixed

plate.

diflfers in many particular.s from the former one, the chief

characteristic about it being that films are employed
which are capable of rapid lateral movement. By means
of this moving film it is possible to obtain, in a very short

space of time, a large number of separate pictures, for,

during each exposure, a new part of the film is brought

opposite the lens of the camera, held there, and then

slipped along. The apparatus itself is of a most ingenious

construction, and the three most important parts consist

of a driver, a clamper, and an elastic arm.
In the figure, L represents the driver, and it is due to

its action that the motion of the paper is produced ;
it

consists of a wooden cylinder, the surface of which is

covered with india-rubber, and round which the band of

Fig. 4. -Analysis of the phases of a running high jump. Taken on a fixed plate (twenty-five images per s-C3nd).

marks are found at each e.xposure ;
and the resulting

j

paper passes when made to travel from one bobbin to the

diagram also shows that the number of images capable of other.

NO. 1158, VOL. 45]
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In the case of the clamper, marked c' in the drawing,
its action is to press the paper against the side of the

chamber during each exposure, and this is carried out by
means of a series of cams placed on a small circular hori-

zontal disk (marked c). It might be supposed that, with

very short exposures obtained by means of a very rapid
shutter, the clamper would be found quite unnecessary, as

the horizontal distance traversed by the band of paper
during an exposure would be practically nil, or at any
rate small enough to produce no visible effect on the

lodoce, . . . passing on to scorpions and spiders, anc

then to shrimps, lobsters, . . ."

Although, at the first glance, one cannot quite see hov

Muybridge's principle, or, at any rate, a slight change o

it, could be applied to interpret the gait of the centipede

yet in Prof. Marey's instrument Prof. Lankester will, w(

hope, find just the kind of apparatus to carry out th(

various suggestions to which he referred. In fact, th(

instrument has already been employed in producing

pictures representing aquatic locomotion, and the follow

Fig. 5. The chamber in which the images are formed, with the lid raised. M and K are the drums on which the films are rolled off and on respec-

tively; r, r, r, small rollers pressing the film on the cylinders; i., the driver, with its pressing cylinder; F, the aperture for the admission of

the image ; V, ground glass with hinged motion. The dotted line indicates the path of the band of film ; c' and c, the clamper and its cam, which

produces the intermittent action of this band.

picture produced ;
but this is not the case, for Prof.

Marey says that by experience the only good images
obtainable were made with the use of the stop.

Owing to the quickness of the action of the driver,

and the instantaneous blow given by the clamper to the

paper at each exposure, an elastic arm is made to come
into play to relieve the paper of any strain or force to

which it may be subjected.

Many readers may remember the very interesting

ing illustration (Fig. 6) shows a Medusa swimming, whih

Fig. 7 shows the phases of movement that a star-fisl

undergoes in order to turn itself over.

The interesting point is displayed in the last four pic-

tures of the series. Counting from the bottom, No.
f

shows the position just before one of his
"
rays" leaver

the ground and just when he begins to grip it with the

other two
; having this grip, he is able to dispense witl

the use of the other ray, and so raises the other three a

Fig. 6.—Medusa swimming horizontally, whilst moving away rom the apparatus (negative).

article in a former number of Nature (vol. xl. p. 78),
written by Prof. Ray Lankester, relating to the Muybridge
photographs. Towards the end he says :

" For my own
part I should greatly like to apply Mr. Muybridge's
cameras, or a similar set of batteries, to the investigation
of a phenomenon more puzzling even than that of ' the

galloping horse.' I allude to the problem of ' the running
centipede.'" He then goes on to say :

"
I am anxious to

compare with these movements the rapid rhythmical
actions of the parapodia of such Chaetopods as Phyl-
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shown in No. 6. No. 7 illustrates the position of unstable

equilibrium as obtained by means of the preceding move
ments, while the last one exemplifies stable equilibrium

again.
The time occupied in the above evolutions is not sc

short as may be supposed, but lasts sometimes from ten

to twenty minutes, the intervals in time between two o:

the above pictures being about two minutes.

The movements of the eel have also been studied ir

this way, and the series of movements represented ir
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dulatory movement of the body, propagating from the

head to the tail.

In observing the movements of many other different

species of serpents, both in and out of water, Prof. Marey
says :

" La reptation des uns et la natation des autres

presentent de grandes analogies avec la natation de

I'anguille, mais nous n'y avons pas trouv^ la meme
rdgularite des mouvements."

But in the study of the movements of objects as small

---tti

Fig. 8.—Eel swimming in a horiz ntal plane. The horizontal line ^o shows

j

plainly the inclination of those lines which join the crests and troughs of
the waves formed by the body, so that the velocity of progression of the
animal is expressed by the inchnation of the line oa.

j

as these, Prof. Marey does not here conclude his obser-
I vations, but has constructed a special piece of apparatus,
I
as shown in Fig. 9, for recording the movements of

! microscopical objects, 'fhe general working of this

I
apparatus can be seen at a glance, c is the large

i condenser which concentrates all the light from some
artificial source on to the small holder/, in which the

object is placed. The micrometer objective marked O,

Fig. 7.
—oecies of pha^es performed by a star-fish m turning itself over.

Fig. 8, illustrating an eel swimming horizontally, brings
out clearly the wave produced by the effect of the un-
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Fig. 9.
—

Special piece of apparatus for studying the movements of micro-

scopical objects.

is placed on the other side of this holder, but in the axis

of the condenser. The micrometer head B regulates the

distance of p from O, and can be moved either by the

rod mv, or by its milled head. An important adjunct to

the instrument is the microscope that is placed obliquely
at the side of the camera ; by its means, and by that of a

small prism that can be placed in the axis of the light by

simply pulling or pushing the knob P, the object about
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to be photographed can be observed just before exposure,
which insures the centrality of its image on the sensitive

dim.
The extension of this branch of chronophotography, if

taken up and developed, may be of great use to medical

science, for many occurrences happen where such an

apparatus as the above would be invaluable. One of
the examples done by this method is shown in Fig. lo.

while on its upward bound the decrease is also apparent,
perhaps not so much, on account of the ball approaching
the camera.

Although we have not quite touched on all the subjects
referred to in the very interesting article by Pi'of. Marey,
yet we trust we have given the reader an idea of what
kind of work has been going on in this direction, and
the methods that have been adopted to produce such

Fig. io.—Showing the movements of Vonicella;. The phases of movements n.ust be read from left to right.

and illustrates the movements of Vorticellte, which retract

their stalks in spiral fashion. Many other proposals,
not yet carried out, are mentioned by Prof. Marey, and
include the production of photographs showing the move-
ments of blood corpuscles in the capillary tubes, the

intimate actions of the contraction of the fibre of the

muscles, and the waves which pervade them
Prof. Marey also applies chronophotography to move-

B»:«aw'ra^ i..?'?f*!i'<'*--'«?!«w

good results. The branch that we look forward to being
greatly extended is that in which the microscope takes

the prominent part. W.

Fig. II.— Series of positions taken up by a falling ball studied by chrono-

ph jtography on a fi.ved plaie.

ments of objects in physical as well as in biological

science, but although s^everal cases are mentioned, we
will only refer here to the instance he gives of the falling
ball (Fig. 1 1).

The intervals between each image of the ball, although
different in space, are equal in time, and the illustration

brings out clearly the gradual increase of the velocity ;
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SIR GEORGE BIDDELL AIRY.

Ay^E greatly regret to have to record the death of Sir
' *

George Biddell Airy, whose name has been familiar

to the scientific students of more than one generation. He
died on Saturday evening last, in his ninety-first year. In

the summer he received by a fall an injury which rendered
a surgical operation necessary. Although at the time this

seemed to be successful, he never really recovered from
the shock to his system.
On October 31, 1878 (vol. xviii. p, 689), we published

a portrait of Sir George Airy in our series of "
Scientific

Worthies," and at the same time we gave a full account
of his work as a man of science. We need not now,
therefore, do more than note the main facts of his career.

He was born at Alnwick, Northumberland, on July 27,

1801, and received his early education at private schools

in Hereford and Colchester, and at the Manchester
Grammar School. In 1819 he entered Trinity College,

Cambridge, as sizar. Here he soon gave proof of a
remarkable aptitude for mathematics, and in 1823 he

graduated as Senior Wrangler. In the following year he
was elected a Fellow of his College, and in 1826 he became
Lucasian Professor of Mathematics. He was full of en-

thusiasm for experimental science and applied mathe-

matics, and in 1824-25 had published papers on "The
Lunar and Planetary Theories,'' on " The Figure of the

Earth," on " The Undulatory Theory of Optics," on
" The Forms of the Teeth of Wheels," and on "

Escape-
ments." After his appointment to the Lucasian Pro-

fessorship, he continued to make important contributions

to the knowledge of such subjects, devoting himself with

especial ardour to the study of undulatory optics, which
was at that time a new field of research.

He was elected Plumian Professor of Astronomy in

1828, a position with which was associated the director-

ship of the Astronomical Observatory. Here he

superintended the erection of several instruments, and—
in accordance with the example set by Maskelyne,
and followed by Bessel and Struve — introduced a

thoroughly efficient system for reducing the observations,
which were printed annually. He also carried on theo-

retical studies. In 1831 he published in the Transactions



January 7, 1892] NATURE

of the Cambridge Philosophical Society an important
paper on " The Inequality of Long Period in the Motions
of the Earth and Venus." He wrote for the British

Association in 1832 a most useful
"
Report on the Recent

Progress of Astronomy," and in 1833 prepared valuable

papers on " The Mass of Jupiter."
When Mr. Pond, the sixth Astronomer-Royal, resigned

his office in 1835, Lord Auckland, the First Lord of the

Admiralty, appointed Prof. Airy to be his successor
;

and on January i, 1836, the new Astronomer-Royal
entered upon his duties. This was a position which
accorded in all respects with Prof. Airy's wishes, and in

the course of the long period during which he held it he
not only maintained, but greatly increased, the fame of
the Royal Observatory at Greenwich as one of the most
important centres of astronomical investigation. To
him the Royal Observatory owed its equipment with a
series of new instruments, all of which were made from
his designs, while some were of his own invention. The:
first of these instruments—the altazimuth—was set up in

1847, the object of the instrument being to secure that
observations out of the meridian should be as accurate
as observations in the meridian. The erection of this

instrument led to results of much importance and interest

in the observation of the moon. Other instruments
erected were a new meridian-circle, the reflex-zenith-

tube (put in the place of the Troughton zenith-sector), a
new equatorial, an instrument planned to decide the

question of the dependence of the measurable amount of
sidereal aberration upon the thickness of the glass or
other transparent material in the telescope, a double-

image micrometer, and an orbit-sweeper, designed for

the detection of comets approaching perihelion passage,
the time of which cannot be exactly fixed.

The observations were made at Greenwich with perfect
regularity, reduced most carefully, printed, and placed at

the disposal of all who were capable of using them. We
need scarcely say that they are of enormous value to

astronomers.
The reduction of the Greenwich lunar and planetary

observations from 1750 had been proposed to astronomers

.by Bessel as a task well worthy of serious effort. It was
undertaken by Airy in 1833, and completed in 1848 ; and,
as we have stated in our previous article, the reductions
thus effected serve as the basis of the greater part of our

present tables of the motions of the moon and the

planets. He reduced various other series of observa-

tions, and by his untiring activity stimulated competent
students, both in England and elsewhere, to undertake
kindred work. He also gladly undertook labours which
were in other ways fitted to advance astronomical
science. In 1842 he went to Turin to observe the total

solar eclipse, and he went for a similar purpose to

Gothenburg, in Sweden, in 1851. The eclipse expedition
to Spain in i860 was organized by him, and to his care
was intrusted the equipment of the British expedition for

observing the transit of Venus in 1874.
Soon after his appointment to the position of Astro-

nomer-Royal, Airy proposed to the Government that

magnetical and meteorological observations should be.

made at Greenwich
;
and in 1838 his scheme was adopted,

the result being that a vast number of data have since
been accumulated. We need only refer to such work as
his useful experiments on the deviation of the compass in

iron ships ;
his researches on the density of the earth

by observations in the Harton Colliery ; and his in-

vestigations in connection with the standards, the fixing
of the breadth of railways, and the introduction of a new
system for the sale of gas.

His scientific eminence secured for him the position of
President of the Royal Society, which he held from 1871
to 1873. He became a C.B. in 1871, and a K.C.B. in

1872. He was medallist of the French Institute, of the

Royal Society (twice), of the Royal Astronomical Society
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(twice), and of the Institution of Civil Engineers. The
Paris Academy of Sciences made him one of its eight" Associes etrangers," and he was an honorary member
of many scientific Societies both at home and abroad.

Among the works of Sir George Airy is a little book
entitled

"
Popular Astronomy," which has passed through

many editions. He was also the author of "
Treatise on

Errors of Observation,"
" Treatise on Sound,"

"
Treatise

on Magnetism"; and of contributions to the "Penny
Cyclopaedia" and the "

Encyclopsedia Metropolitana,"
on such subjects as "

Gravitation,"
"
Trigonometry,""

Figure of the Earth," and " Tides and Waves."

NOTES.
Men of science were much pleased to learn on New Year's

Day that a peerage of the United Kingdom had been conferred

on Sir William Thomson. This is the second time Lord Salisbury
has done honour to a Presidei^t of the Royal Society, and on

both occasions the wisdom of his action has been very generally

appreciated. The work of men like Sir George Stokes and Sir

William Thomson brings with it, of course, its own reward
;
but

it is good for the nation that' the value of their services should be

ofificially and adequately recognized.

The following will be the Presidents of Sections at the Edin-

burgh meeting of the British Association :
—Mathematics and

Physical Science, Prof. Arthur Schuster
; Chemistry and

Mineralogy, Prof. Herbert McLeod
; Geology, Prof. Charles

Lapworth ; Geography, Prof, James Geikie ; Economic Science

and Statistics, the Hon. Sir C. H. Freemantle ;
Mechanical

Science, Prof, W. C. Unwin ; Biology, Prof. W, Rutherford ;

Anthropology, Prof. Alexander Macalister.

The Institution of Electrical Engineers will hold the first of

its meetings during the current year on Thursday, the 14th inst.,

when the President, Prof. W. E. Ayrton, F. R. S., will deliver

his inaugural address.

At a Congregation held at Cambridge on Monday, the Duke
of Devonshire was elected to the Chancellorship of the Univer-

sity, without opposition, in succession to his father. The formal

installation will take place in the Easter term.

The general meeting of the Association for the Improvement
of Geometrical Teaching is to be held at University College,
Gower Street, on Saturday, January 16. At the morning

sitting (11 a.m.), the reports of the Council and the Committees

will be read, and the new officers will be elected. After an

adjournment at i p.m., members will reassemble for the after-

noon sitting (2 p.m.), at which the following papers will be

read :
—On Laguerre's dictum concerning direction, by Prof.

R, W. Genese ;
on the geometrical interpretation of fallacy in

elimination, by Prof. R, W. Genese ; on the use of Horner's

method in schools, by Mr. E. M. Langley. All interested in

the objects of the Association are invited to attend.

Dr. Richard Pfeiffer, the son-in-law and assistant of

Prof. Koch, and head of the Scientific Department of the new

Royal Institute for Infectious Diseases, has, it is stated, dis-

covered the influenza bacillus. Full particulars are to be pub-
lished shortly. Meanwhile, according to a Reuter's telegram,
it is already known that "

six attempts at transplantation of the

microbe have been made, and have been attended with complete

success, thus proving the genuine character of the discovery,"

The International Sanitary Conference met at Venice on

Tuesday. This is the sixth occasion on which the Conference has

assembled. Its first meeting was held at Paris in 1851. This

was followed by gatherings at Constantinople in i860, at Vienna
in 1874, at Washington in 1881, and at Rome in l88s.
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The New Year's address to the members of the Sanitary

Inspectors' Association was delivered on Saturday last by Dr.

B. W. Richardson, F.R.S., the President. He offered them

the congratulations which, he said, they deserved to receive

from everybody who was interested in the cause of sanitation

on the immense advance which they, as sanitarians, had made

during the past year. They occupied a better position in the

public estimation than they ever did, and they stood on a firmer

foundation from the circumstance that the Board of Trade had

given them permission to enrol themselves as a Society limited

by guarantee, which really was the same as if they were incor-

porated. By that progress they had gained a step which placed

them in a most enviable position. It was very rarely that any

Society so young as theirs received such a public recognition in

so short a time. They were now practically a professional body,

such as existed in the Church, the law, and physic.

The eighth of the series of One Man Photographic Exhibi-

tions at the Camera Club is now being held, it consists of

photographs by Mr. J. Pattison Gibson. The pictures will be

on view for about six weeks.

A SCIENTIFIC Commission has been appointed by the Govern-

ment of Costa Rica for the investigation of various classes of

phenomena in that country which have hitherto been inade-

quately studied. The Commission consists of Prof. H. Pittier,

who acts as Director, Luis Chable, who offered his services for

archaeological research, G. K. Cherrie, zoologist, and A.

Tonduz, botanist.

The organizing joint committee of the Essex County Council

and the Essex Field Club have issued syllabuses of courses of

instruction in several subjects, in addition to those to which we

lately referred. Mr. J. T. Cunningham, of the Marine Bio-

logical Laboratory, Plymouth, is to lecture on the natural history

of marketable sea-fishes, and on oysters and oyster-culture.

Mr. H. N, Dickson will give three courses of lessons o\\

elementary practical meteorology for fishermen, farmers, and

sailors.

In order to determine the local distribution and altitude of

the aurora, a considerable number of observers is necessary, so

distributed throughout the area covered by the observations as

to secure as full information as possible with regard to the extent

to which the aurora is present or absent. To aid and increase

the number of observers in this field Mr. M. A. Veeder has

issued some blanks'and a circular, and he says :
— "

It is desirable

to have as many observers is possible co-operate in the plan
described in the accompanying circular and blanks. Auroras

are likely to become more frequent during the coming year,

affording a special favourable opportunity for systematic obser-

vation." It is stated in the instructions that the chief observa-

tions required are the time and zenith distance of all the promi-
nent features. If only a single observation can be made each

evening, the best hour for it is between 9 and 10 o'clock p m.

Observers must remember that in a case like this
"
every little

helps," and the results that have been already obtained warrant

the belief that by concerted effort information of practical value

may be secured.

At the meeting of the French Meteorological Society on Dec. i

last, M. Angot presented the results of temperature observations

made during the year 1890 on the Eiffel Tower at 515 feet,

646 feet, and 990 feet above the ground. During the night, the

temperature increases up to a mean height of about 500 feet, then

decreases, slowly at first, and afterwards more rapidly ; at about,

1000 feet the mean decrease of temperature is about i°'4 per

328 feet (lOO metres). During the day, the temperature de-

creases constantly from the ground upwards ; in the lower strata

the decrease; is slower in winter than in summer. In the

NO. I 158, VOL. 45]

'alter season it amounts to 2°*5 per 328 feet ; but above 500 feet

the rate of decrease does not show a decided annual variation ;

the amount is about i°'6 per 328 feet. It is worthy of remark

that at a height of 984 feet (300 metres) in open air, the decrease

of temperature is extremely rapid, both during the night and

during the day, and nearly approaches the theoretical value of

the law of the adiabatic expansion of gases. M. L. Teisserenc

de Bort gave an account of Dr. Hildebrandsson's observations

on the motions and heights of clouds. A study of their direc-

tion showed that, first, the air which moves in a spiral towards

the centre of a depression, having attained a considerable

height, moves away from the centre and converges towards the

centres of the maxima, and redescends towards the earth by a

centrifugal motion. Second, in the northern hemisphere, the

direction of an upper wind is always somewhat to the right of

that of the lower wind. Thirdly, the mean direction of the

upper currents is from west to east in temperate regions, and in

the opposite direction in tropical regions. Dr. Hildebrandsson

has also published charts of the direction of cirrus clouds,

accompanied by theoretical isobars at an altitude of 4000 metres,

as proposed by M. Teisserenc de Bort, which show that the

motions ofthe cirrus are quite in accordance with those isobars.

In the Anales of the National Geographical Institute of

Costa Rica, vol. iv., Sefior H. Pittier has published the results

of meteorological observations made at San Jose during 1889,

together with a summary of rainfall and earthquake observations

for the years 1866-80. These observations are valuable, as

data from Central America are scanty. A comparison of the

rainfall curve with the earthquake phenomena shows that the

greater number of shocks occur in the months of maximum
rainfall—viz. in May and September.

At a recent meeting of the Chemical Section of the Franklin

Institute, Philadelphia, a letter from Mr. M. Carey Lea was

read, transmitting to the Section the gift of a collection of his

published papers on allotropic forms of silver and a set of speci-

mens of the various modifications of the element which he had

prepared. These specimens are greatly valued by the members

of the Section.

A VERY large part of the literature of experimental psycho-

logy is taken up with the discussion ofthe psychophysical measure-

ment-methods ; and in many cases the psychological question at

issue has been lost sight of, in the interest of the methods them-

selves. One of these, which has been the subject of a good
deal of controversy

—the method of double stimuli—is finally

discredited by Prof. F. Angell in the new part of Wundt's Philo-

sophische Studien. Prof. Angell's experimental results are

especially interesting, on the positive side, in their relation to

Weber's law. Two other articles in the number contain valuable

experimentation. Dr. G. Martius proves the erroneousness of

the common opinion that there goes along with increasing in-

tensity of a simple clang a continuous decrease of the length of

the time|ofreaction to it. For practised and attentive reagents the

time remained the same, within wide differences of stimulation.

Dr. A. Kirschmann tabulates the results of his photometric de-

termination of the relations which obtain between "dark" and

"light" surfaces, in respect of brightness. It is pointed out

that such results furnish in one direction a criterion for art-

criticism.

Mr. C. J. Murphy, who has been charged by the U.S.

Agricultural Department with the introduction of Indian corn

as a human food into Europe, has made a report to Secretary

Rusk on his work in Great Britain. In it he reviews the condi-

tions which seem likely to encourage the use of this cereal food

in Great Britain and other parts of Europe. Secretary Rusk
has caused to be prepared for publication, in conjunction with

Mr. Murphy's report, a chapter upon the value of maize as food.



January 7^ 1892 J
NA TURE 235

by Dr. H. W. Wiley, chief chemist of the Department, in which

I are shown the chemical composition of maize, and its relative

value for food purposes in comparison with other cereals-

There is also a chapter, prepared by the assistant statistician,

Mr. B. W. Snow, under the direction of the statistician, offering

some additional observations as to the possibility of extending

the use of this cereal among the people of Europe as a human

food, and presenting a number of statistical tables showing the

yield and value of the American corn crop.

Ax important Bulletin on the forest and mineral wealth of

Brazil has lately been issued by the Bureau of the American

Republics. The forests of Brazil abound in woods of great value,

I

some of the finest of which are said to be entirely unknown in

Europe. With regard to mineral resources, Brazil is not less

fortunate. Scientific explorers have found great deposits of coal

and iron, and have also proved that the country possesses

copper, manganese, and argentiferous lead ore. There are also

mines of gold and diamonds. Diamonds are co-extensive with

the gold deposits, and, like that metal, are most abundant in

Minas Geraes, where they have been found since 1789. The

most important locality known for the production of these gems
is the district of Diamantina, in the above-named State. They
are found in Parana, in the gravels of the River Tibagy, and in

the bed of streams dry during the summer. Since the discovery

of diamonds at the Cape of Good Hope, the Brazilian produc-

tion has greatly diminished. As regards iron, the State of

Minas Geraes abounds with it. Tt is not found in veins or

strata, buried deep in the earth, but in enormous beds, often

lying at the surface, or in mountain masses. These vast deposits

are worked only by small scattered furnaces, charcoal being

«sed in the reduction of the ore. Of these small furnaces there

are five groups, producing about 3000 tons annually, the pro-

duct being used in the surrounding districts in the manufacture

of articles of home consumption, such as hoes, shovels, picks,

drills, nails, horseshoes, &c. In the State of San Paulo are

found deposits similar to the best Norwegian ore ;
and one of

the mines is worked by the Government establishment near the

•village of Sorocaba. This establishment has two furnaces, and

produced in one year about 790 tons of pig-iron. The ore has

about 67 per cent, of iron. In Santa Caterina, not far from a

harbour accessible to the largest vessels, are vast deposits of

Tirematite, containing, on an average, 30 per cent, of manganese,
and 20 to 30 per cent, of iron. In the State of Goyaz, as in

Minas Geraes, are found enormous masses of the ore itaberite.

Prof. George H. Williams contributes to the latest of the

Johns Hopkins University Circulars an interesting account of

a geological excursion in Maryland by students of that Uni-

versity in May 1891. The land area of Maryland is approxi-

mately 10,000 square miles, which may be in round numbers

divided between the three topographically and geologically

distinct provinces as follows : (i) Central Maryland, called the

Piedmont Plateau, with 3000 square miles between the Catoctin

Mountain on the west and a line drawn from Washington to

"Wilmington on the east, exhibits a gently rolling country of

moderate elevation and relief. This is composed of the most

ancient and contorted rocks—highly crystalline toward the east,

and semi-crystalline toward the west. (2) Western Maryland,
or the Appalachian Mountain province, embracing the 2000

-square miles west of Catoctin Mountain. This region is formed

•of the entire sequence of Palseozoic strata thrown into a series

•of regular folds or undulations. (3) Eastern and Southern

Maryland, belonging to the coastal plain, has about 5000

square miles of undisturbed and unconsolidated strata, in nearly

horizontal position, and representing the accumulations from the

Jurassic to the present. In the course of each year an effort

as made to give students of geology at the Johns Hopkins
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University a practical acquaintance with the petrography,

palaeontology, structure, and topography of each of these three

provinces by a series of excursions which are conducted ex-

clusively for this purpose. In the excursion in May the route

of the party lay along the section through the Appalachian
Mountains exposed by the gorge of the Potomac River.

In the new number of the Internationales Archiv fiir

Ethnographie there is a learned and well-arranged paper, by
C. M. Pleyte, on the use of the sumpitan and bow in Indonesia.

A line may be drawn passing over Flores, to the east of Mang-
garai and Buru, to the west of Halma-Lera, and to the east of

the Philippines, exactly marking the limit of the use of the bow.

To the east of this line the bow is in general use, while to the

west it is found only sporadically. A second line traced west-

ward of Sumba, eastward of Sumbawa, to the south and east of

Celebes, and to the east of the Philippines, marks the limit of

the use of the sumpitan, which is found nowhere to the east

of it. Between these two lines—on the islands of Sumba,
West Flores, Saleyer, Buton, Buru, the Sula Islands, the Bang-

gai Archipelago, and the Sangi and Talaut Islands—neither

sumpitan nor bow are known. The author points out that

these two limits correspond very closely with the line accepted

by Dr. Brandes, separating the eastern from the western branch

of the Malayo-Polynesian languages. It appears, therefore,

that those natives who use the sumpitan form one family in

point of language, and that the like is the case with those who

use the bow.

Dr. R. W. Shufeldt contributes to the Proceedings of

the U.S. National Museum two interesting prints of Havesu-pai

Indians. The prints are reproductions of photographs which

were taken several years ago by Mr. B. Wittick, formerly a

photographer in the employment of the U.S. Geological Survey.

The Havesu-pais live in one of the grandest caiions in Arizona,

occupying their primitive lodges along the bank of the stream

that passes through it. They are a dying race, and very little is

known about them. The styles of their lodges are well shown

by Dr. Shufeldt's plates, which also display the varied costumes

of the men, women, and children, and the peculiar forms of

their baskets. The fashion in which the hair of the women
and girls is "fixed" seems to point to affinities between the

Havesu-pai and the Pueblan Indians.

In the new number of Insect Life, Dr. C. V. Riley

directs attention to what he calls a new herbarium pest. In

September 1890, a number of small Geometrid larvae were

found by the botanists of the U.S. Department of Agriculture

infesting certain dried plants in -the Department herbarium, and

especially those which had been received from Mexico and

Lower California. The fact that the insect has appeared on dry

plants from the comparatively arid western regions may. Dr.

Riley thinks, furnish a clue to its original habit. It would seem

possible, if not probable, that it normally feeds on the dead or

dry plants of Mexico and adjacent arid regions, and that it has

simply adapted itself to the somewhat similar conditions prevail-

ing in herbaria. It is a new species, and for the present may be

placed in the Acidalinae.

Mr. W. Verner writes to the current number of the

Zoologist that the Kentish plover, like the stone curlew, or

thickknee, is being rapidly exterminated in the county from

which it derives its name, by collectors and so-called "natural-

ists," who, with walking-stick guns, in and out of season,

destroy all they can approach. "These gentry," says Mr.

Verner,
" do more harm even than they imagine, for I have

come across many small plovers and other birds which have

been ineffectually 'peppered,' and have gone away to die.

Still oftener I have found nests of the ringed and Kentish
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plovers which have been trampled on by these uncouth

marauders in their clumsy and ever eager attempts to
' annex '

everything they can in the least possible time." The editor o'

Ihe Zoologist pertinently asks why the Wild Birds Protection

Act is not put in force.

At the meeting of the Linnean Society of New South Wales

on November 25, Mr. Fred. Turner exhibited specimens of

lelopea oreades, F, v. M. (narrow-leaved form), the Victorian

Waratah, [collected at the Fitzroy Falls, N.S.W., the most

northern habitat yet recorded for the plant ; said to be very rare.

Also three fungus-smitten grasses from the interior : Eriochloa

Punctata, Hamilt., Panicum Mitchelli, Benth. (two valuable

pasture grasses
—in the case of the second of these the first

occasion on which he had seen fungoid growth on it), and

Aristida ramosa, R.Br., one of the "
three awned spear grasses,"

a noxious plant. To the presence in fodder of parasitic fungi

such as these, the fact that many sheep died so mysteriously at

times was, Mr. Turner thought, sometimes possibly attributable.

Messrs. WhittakerandCo. have made arrangements with

the editor of El Telegrafista Espaiiol for the translation into

Spanish of Mr. Preece's work upon "The Telephone." The
book has already been translated into French and German.

The same firm will publish shortly, in a cheap form, Mr. A. R.

Bennett's papers on the telephoning of great cities and the

electrical parcel exchange system.

We are glad to welcome the first number of The Annals of
Scottish Natural History, a quarterly magazine, with which is

incorporated The Scottish Naturalist. It is edited by J. A.

Harvie-Brown, J. W. H. Trail, and W. E. Clarke, and pub-
lished by David Douglas, Edinburgh. The periodical ought
to play an important part in stimulating the study of natural

history in Scotland.

An important botanical work has been planned by T.

Durand, aide-naluraliste at the Botanic Gardens of Brussels,

and H. Schinz, privatdocent at the University of Zurich. It is

entitled "
Conspectus Floras Africse," and will be published (by

subscription) in six volumes.

The Botanical Society of Edinburgh prints, in the latest

instalment of its Transactions and Proceedings, a capital
"
pre-

liminary notice
"

of the Pilcomayo Expedition, by Mr. J.

Graham Kerr, naturalist to the Expedition. Mr. Kerr gives a

short sketch of the Expedition itself, and then presents a sum-

mary of the more striking botanical features of the region
traversed by it.

Messrs. J. and A. Churchill have published the "Year-
book of Pharmacy," comprising abstracts of papers relating to

pharmacy, materia medica, and chemistry, contributed to British

and foreign journals from July i, 1890, to June 30, 1891. The
volume also contains the transactions of the British Pharma-
ceutical Conference at the twenty-eighth annual meeting, held at

Cardiff, August 1891.

Messrs. Dulau and Co. have issued a catalogue of geo-

logical works which they offer for sale. The works relate to

crystallography, mineralogy, mining, petrography, boulders,

caves, vulcanology, water, &c.

Several new compounds of carbonyl platinum chloride and

bromide with ammonia derivatives are described by Dr. Foerster

in the current number of the Berichte. An account of the

interesting carbonyl platinum compounds was given in Nature,
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vol. xliv. p. 530, en the occasion of the publication by Drs.

Foerster and Mylius of the results of their investigation con-

cerning them. They were first obtained in 1868 by Schutzen-

berger by heating spongy platinum first in a stream of chlorine

and afterwards in a current of carbon monoxide. The most

stable and best investigated of these substances is the compound
COPtOo. It is a crystalline substance possessing a somewhat
basic character. The crystals readily dissolve in concentrated

hydrochloric acid, forming the hydrochloride COPtClj. HCl.

Nevertheless, the substance appears capable of combining with

ammonia or its derivatives, for Schutzenberger obtained a com-

pound, to which he assigned the formula COPtCi.2.2NH3, by

passing ammonia gas through a solution of carbonyl platinum
chloride in carbon tetrachloride. As this ammonia compound
does not readily lend itself to accurate analysis. Dr. Foerster

determined to prepare a compound with a base such as aniline

or pyridine, which would probably form crystals more capable
of thorough investigation. For this purpose he chose the base

pyridine, C5H.r,N. He finds that carbonyl platinum chloride

does not combine with two, but with one molecule of the base,

to form the compound COPtCIo.CsHsN. This result is all the

more satisfactory, inasmuch as Zeise has shown that the com-

pound ethylene platinum chloride, CoHjPtCIo, forms an

analogous compound with one molecule of ammonia of the

composition CaHiPtCIo.NHs. The new compound with

pyridine, COPtCloCsHgN, is a crystalline substance pos-

sessing basic properties, combining with hydrochloric acid

to form the hydrochloride, COPtCl2.C5H5N.HCl. Another

new compound is obtained from the hydrochloric acid solu-

tion by the addition of more pyridine dissolved in alcohol,

crystallizing out upon allowing the solution to stand a short time.

When recrystallized from alcohol, this second compound is

obtained in fine greenish-yellow crystals. Its empirical com-

position is COPtCl.CgHgN, but its molecular composition is

probably represented by the double formula—

COPtCl.CgHiiN
I

COPtCLCsH^N
Water instantly decomposes it. In a similar manner two

analogous compounds containing bromine have been obtained-

The first of these, COPtBro.CgHjN, crystallizes in yellow

tabular or acicular prisms, melting at the temperature, very

low for a platinum compound, of 78°. The second compound,

(COPtBr)2(C5Hr,N)2, is distinguished by its difficult solubility,

only chloroform dissolving it in sufficient quantity for the pur-

pose of recrystallization.

In addition to the above compounds with pyridine, an

interesting compound with phenylhydrazine has been ob-

tained, COPtClo.CgHsNnHa, -in fine crystals. The hydro-

chloride of this compound, COPtCIo.CfiHgNaHs.HCl, has

also been prepared ; it forms remarkably beautiful orange-

coloured crystals. Indeed, it appears highly probable that

hydrazine itself, NoHj, would be found to combine with these

carbonyl compounds of platinum in a manner similar to

ammonia and its derivatives.

The additions to the Zoological Society's Gardens during the

past week include a Diana Monkey {Cercopithecus diana ?)

from West Africa, presented by Mrs. R. Godfrey ; a Rough-

eyed Cayman {Alligator sclerops) from South America, presented

by Mr. Charles Taylor ; four Mississippi Alligators {Alligator

inississippiensis) from South Carolina, presented by Mr. W. S.

Copleston ;
four Gouldian Grass Finches (Poephila gouldicr),

two Crimson Finches {Estrelda phaeton) from Australia, pur-

chased ;
four Beautiful Grass Finches {Potpliila miralnlis) hooi

Australia, purchased.
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Right
Ascension.

OUR ASTRONOMICAL COLUMN.
Wolf's Periodic Comet.—The following ephemeris, due

to Dr. Berberich, is from one contained in Edinburgh Circular

No. 21 :—
Brightness, that

Declination. at discovery-

being = I.

h. m. s. o ( //

Jan. 6 ... 4 15 15 ... -
13 39 5 ••• 3"24

,, ID ... i6 22 ... 13 9 8 ... 2*93

14 ... 17 55 ... 12 36 9 ... 2-66

„ 18 ... 19 52 ... 12 I 4 ... 2"4I

,, 22 ... 22 10 ... II 23 8 ... 219
,, 26 ... 24 50 ... 10 44 7 ... 1-99

,, 30 ... 27 51 ... 10 4 5 ... i'8i

Feb. 3 .. 31 12 ... 9 23 7 ... 1-65

,, 7 ••• 34 48 ... 8 42 6 ... 1-51
II ... 38 42 ... 816 ... 1-38

,, 15 ... 42 50 ... 7 20 9 ... 1-26

,, 19 ... 47 12 ... 6 40 8 ... i'i5

,, 23 ... 51 46 ... 615 ... i'o6

27 ... 56 33 ... 5 23 2 ... 0-97
March 2 ... 5 1 30 ... 4 46 o ... 0-89

,, 6 .. 6 37 ... 4 10 I ... 0*82

,, 10 ... M 53 ... 3 35 5 •• 076
„ 14 ... 17 17 ... 324 ... 070
„ 18 ... 22 48 ... 2 30 8 ... 065
,, 22 ... 28 26 ... 209 ... o'6o

„ 26 ... 34 9 ... I 32 7 ... 056
,, 30 ... 39 58 ... 160 ... 0-52

The comet is now a comparatively faint object, but can be
seen with instruments of moderate aperture. It is in Eridanus,
and moving slowly towards Orion. It has the same declination

as Rigel on February 9, and passes about 4° north of this star

on March 7.

The Diffraction Effects produced by placing
Screens in front of Object-Glasses formed the subject
of a communication by Prof. Pritchard to the Paris Academy
on December 28. The paper deals with the effects produced
by meshes of metallic wires on the photographic and visual

images of stars in the focus of refractors (photographic and ordi-

nary) and reflectors. Numerous screens have been used in the

investigation, but only the results obtained with three, designated
by A, B, and C, are described. A was an iron wire screen

having very nearly square meshes about 0"9 mm. apart, B a
bronze one with meshes having an area of about 0*225 square
mm., and C one having circular holes about 2"3 mm. diameter
in it. Photometric observations of the intensities of the visual

images of a bright star with and without A gave the relation

1/3 '636 which, expressed in units of stellar inagnitude of the

ordinary scale, corresponds to an absorption by the screen of
I '40 magnitude. The same screen placed in front of a photo-

graphic telescope reduced stars of the ninth to the eleventh

magnitude. There was thus a variation of f of a magnitude in

the effect produced by the same screen on the visual and photo-

graphic images of the same star. B intercepted light equivalent
to 2 "4 magnitude in the case of the observing telescope, and 2 '8

magnitude in the case of the photographic one. C gave the

values 1*44 and i'83 magnitudes respectively. In all cases,

therefore, the absorption of light was greater for the photographic
than for the visual image. This is most probably due to the

different treatment of the lenses by the optician in correcting
them for photographic or visual work. Using the same
screens in connection with reflectors, the intensities of the visual

and photographic images were found to be the same, and the

quotient of the intensity without a screen into the intensity with

a screen was very nearly equal to the square of the portion of

the screen traversed by the light.

Refractive Power of Cometary Matter.^Mr. Bar-

nard communicates a paper to the Astronomische Nachrichten,
No, 3072, on observations made of the difference of declination

of 21 Asterope and 22 Asterope at the passage of Wolf's coaiet,

1891 September 3, through the Pleiades. As the opportunity
afforded a good test to determine the refractive power of

cometary matter, he, together with Mr. Burnham, instituted

a series of measures of the declination of these stars before,

during, and after, the transit of the comet over Asterope. Mr.
Burnham's observations were made with the filar micrometer of

the 36-inch equatorial, while Mr. Barnard used that of the
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12-inch. The results obtained by the former indicated a smal 1

change, so small indeed that Mr. Barnard with his instrument

could not detect any variation, or at any rate any difference of

reading that would not be masked in the errors of observation.

Mr. Burnham's measures are shown in the form of a curve, a

vertical line corresponding to the time of nearest approach of the

nucleus to Asterope, while a horizontal one indicates the mean
a5. The dots representing the observations gradually increase

their declination, and then more quickly decrease, rising again

only when the comet has transited the star. The results are

most interesting, and the following is a short extract from the

table. The time of nearest approach of the star and the nucleus

occurred at 2h. 87m. sidereal time.

Difference of Declination betiveen 21 Asterope and 22 Asterope.

Sidereal
time,

h. m.

2 IS
2-5

3*5

4-5

5-5

6-5

7-5

8-5

Himmel
"monthly" contains an interesting article by Dr. W. Zenker
on " The Heating of the Earth's Surface by the Sun." That on
" The Great Ice Age," by Prof Dr. Albrecht Penck, begun in

the November number, is here completed.

"Washington Observations, 1886."—This volume, just

issued, contains the results of all the observations made during
the year 1886 at the United States Naval Observatory, under
the superintendence of Commander A. D. Brown, U.S.N.
Under the heading of " The Transit Circle

" and "The Meri-

dian Transit Instrument," are given descriptions of the instru-

ments, catalogues of miscellaneous stars observed, constants

used in reductions, adopted corrections, clock rates and cor-

rections, positions and semi-diameters of sun, moon, and

planets, and many other details. Under "Observations and
Results

"
are tabulated all the results obtained by the use of

the transit circle, meridian circle, the equatorials of 26 and 9 "6

inch aperture, &c. The magnetic observations made during
the years 1888 and 1889 at the same Observatory by Ensign

J. A. Hoogewerff, U.S.N., under the superintendence of

Captain F. V. McNair, U.S. N., are also given, including both

tabular statements and fourteen large plates.

Individual
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importance (an exaggerated importance according to Marignac's
criiicism) to an interesting observation made by Prof. Nordens-

kiold, who had announced {Comptes rendus, ciii. (1886), 795)
the fact that the crude mixture of yttria earths, as precipitated
from different minerals, although really a comuound body, has
nevertheless always a constant molecular weight, whatever may
be the mineral from which it is extracted. To this mixture of

earths, which thus behaves like an element, Prof. Nordenskiold

gave the name gadolinia, or oxide of gadolinium. In a

subsequent paper {Ofversigt af Vetenskaps-Akadeviiens For-

handlingar, 1887, No. 7) in answer to the criticisms of

Marignac and Rammelsberg, he showed that although the

molecular weights for the individual earths which make up
gadolinia vary between 136 and 394, yet the molecular weight
for the mixture as a whole, obtained from a number of different

minerals from various localities, only varied from 258 to 271.
The work of which an account is given in the paper now

before us was undertaken in order to discover whether the

above slight differences were only dependent on variations in

the experimental methods. The author has not attempted to

make any separation of the individual earths, but has confined

himself to further determinations of the molecular weight of the

group as a whole. The result of fifty-four determinations made
upon such minerals as gadolinite, orthite, samarskite, monazite,
&c., from various localities was to show that gadolinia from

widely different sources has a molecular weight ranging from

247 "9 to 275 '8. The gadolinia used in these determinations
was obtained by first separating the cerium metals by precipita-
tion with potassium sulphate, precipitating the filtrate with

ammonia, dissolving this precipitate, and reprecipitating with
oxalic acid. Care was taken to avoid any fractionation which

might occur, but any fear on this account was discounted by the

unexpected discovery made during the course of the work that any
gadolinia fractioned out {e.g. thrown down with the cerium oxides
in the K2SO4 precipitate) had a molecular weight differing only
very slightly from that of the rest of the earth.

The criticism which the author next applies to eighty-one
molecular weight determinations made by Blomstrand, Engstrom,
Rammelsberg, and others, leads to the rejection of forty, either

owing to the small amount or to the impurity of the material

used. The numbers in the case of the forty-one determinations
retained fall within the limits obtained by the author.

Now, the molecular weights of the twelve earths which are at

present stated to enter into the composition of gadolinia range
from that of scandia, 136, and yttria, 227, to that of ytterbia,

394 ;
so that the fact that, in spite of this wide divergence in the

molecular weights of the constituents, the molecular weight of

gadolinia itself only varies by at most 5 '4 per cent, from the

mean value, 262, is sufficiently startling. Thus no gadolinia has

yet been found containing exclusively one only of these in-

dividual earths. The author shows, by a review of other minerals

containing isomorphous groups of elements, how distinct in this

respect is the behaviour of this group of yttria earths.

We have seen what use Crookes has made of these curious
facts. We will conclude, therefore, by giving Marignac's con-

clusions on the same subject, as contained in his criticism of the
author's previous paper. He is of opinion that all that can be
affirmed is that yttria is always met with in nature mixed with a

variable number of analogous and isomorphous earths of much
higher molecular weight, and that it is always the dominating
element in this mixture. G. T. P.

SOCIETIES AND ACADEMIES.
London.

Physical Society, December 18, 1891.
— Prof. W. E. Ayrton,

F.R.S., President, in the chair.—The President announced
that it had been found necessary to alter the dates of the meet-

ings to be held after Christmas from those already published to

the following : January 22, February 12 and 26, March 11 and

25, April 8, May 13 and 27, June 10 and 24.
—A note on inter-

ference with alternating currents was communicated by Mr. M.
H. Kilgour. Whilst studying Dr. Fleming's paper on some
effects of alternate current flow in circuits having capacity and

self-induction, the author constructed some additional curves.

He was thereby led to investigate whether the serious rises of

pressure produced by adding capacity would occur over con-

siderable ranges of capacity, or whether they would only take

place when the capacity was nearly equal to a particular value.
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Taking the case of a condenser of capacity C farads, in series,

with a circuit of resistance R ohms, and inductance L henrys, he
showed that the maximum value of A (the ratio of the pressure
across the condenser terminals to that across the condenser and
inductive resistance) is obtained when

"^^hr' <"

where/ = 27r times the frequency. The maximum value of A

produced by this capacity being given by the expression

Taking R = 10, and p = iir . 1000, curves plotted from equa-
tions (l) and (2) between C and L, and between A and L had
been drawn. The CL curve rises to a very sharp peak at

L = o"ooi5, and falls rapidly. That between A and L starts

horizontal and bends upwards, and approximates to an inclined

straight line for values of L greater than 0*002 ; when L = o'l,

A = 63. Considering the question of the range of capacity
with which a given lise of pressure can occur, it was pointed
out that when the values of L, R, and / are such as to make a

large rise possible, a rise exceeding a moderate value can only
be obtained for values of C differing little from that given by
equation (i). On the other hand, when the circuit is such that

the maximum rise possible is not large, then a rise exceeding a

given moderate value can be obtained over a much wider range
of capacity. Hence the author concludes that the larger the

possible rise the smaller is the probability of a serious rise

occurring. The effect of shunting the condenser by a circuit of

resistance r and inductance / is next dealt with in the paper, 1

and the values of C which make A. a maximum determined, as I

well as the maximum value L can have. Subsequently the

author examines whether the practical case of an alternator

feeding a transformer through a concentric cable may be simpli-
fied without introducing serious error by assuming the capacity
concentrated at either end of the cable, and concludes that in

ordinary cases little error will be thus made. In an experiment
made with a 100 kilowatt alternator, % mile of \t concentric

cable, and an 18 kilowatt transformer, a rise of ^ per cent, was
found to occur at theterminals of the alternatorwhen the cable was
connected. Putting on the transformer unloaded or loaded with but

a dozen 16 candle-power lamps produced little change in the rise

of pressure, this in all cases being between 0*2 and 0*3 per cent.

Dr. Sumpner asked whether the conclusions as to the range of

capacity with which a given rise of pressure was possible, were
true for small rises such as occur in practice. Cases where the

maximum possible rise was of the order 63 were not likely to

occur at ordinary frequencies. The highest rise he had ever

known was 11. . He thought the time-constant of the inductive

coil chosen—viz, -j-J^ of a second—was very large. In circuits

containing iron it was practically impossible to get such large

time-constants, for the power spent in the iron increased the

effective resistance. Referring to the narrow range of capacity
within which large rises were possible, he pointed out that such

cases were found in Hertz's resonators, where the rises were

immense, but to obtain them the adjustments had to be very

accurately made. Dr. S. P. Thompson said he regretted that

Prof. Fleming was not present, for he had recently investigated
Hertz's experiments, and had obtained curves very similar to

those got for the Deptford mains. The curve between A and L
was very interesting. It was, in fact, a curve between the secant

of the angle of lag and L, as could be seen from formula (2).

In practice one would be working on the lower portion, and
hence the rises would be small. Mr. Kilgour explained that in

the paper his first object was to show that the product of the

ange of capacity between which a rise greater than a given
value would occur and the maximum possible rise was approxi-

mately constant for different circuits. Secondly, he wished to

prove that the capacity of concentric cables could be assumed to

be localized at either end without introducing much error in the

rises of pressure calculated therefrom. Dr. Thompson, speaking
of nomenclature, regretted that the word inductance should be
used sometimes for L and at other times for L/>, and thought its

meaning should be restricted to the latter. Prof. Perry said a

name was needed for coefficient of self-induction. Resistance

was practically independent of frequency, and "inductance"
should have no reference to frequency. Dr. Sumpner thought it

important to have a name for L/, for that quantity comes into

calculations most frequently. He would have preferred that
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*' inductance
"

should mean L/, but Mr. O. Heaviside, who
introduced the term, had used it for L. The President re-

marked that some time ago Dr. Sumpner and himself felt the
need of a name for L/. ami thought of using "inductance." but
on referring to Mr. Heaviside's articles found it used for L.
Dr. C. V. Burton asked whether the word "self-induction"
could not be used as an abbreviation for "coefficient of self-

induction." Dr. Thompson pointed out that this word already
had a meaning, viz. L multiplied by current. Dr. Burton then

suggested that inductivity might be applicable. Dr. Thompson
said the word "impedance" was also used ambiguously, for the
sense in which Dr. Lodge uses it in his "Modern Views of

Electricity" is not the same as the vector sum of R and L/.
Prof. Perry recalled the fact that "impedance" had been
defined by the Committee of the British Association as the

,. effective voltaee t-, t^i • , , • , r • •

ratio - .^ - '^
. Ur. Ihompson said this definition was

ettective current

only applicable to periodic currents, and not to intermittent or
transient ones. The President said he understood the first

object of Mr. Kiigour's paper was to inquire whether the dread
of rise of voltage occurring when concentric mains were used
need exist. When Dr Fleming's paper was read, the general
idea was that concentric cables were dangerous. In the dis-

cussion on it, he, amongst others, had pointed out that the
chance of a large rise of pressure was not a serious one. Mr.
Kilgour had now shown that the range of capacity over which
a particular rise could occur is inversely proportional to the
maximum rise possible in the particular circuit. When the
circuit was such that a large rise was possible, the probability of

any serious rise taking place was very small, hence the fears of

large rises were more or less unfounded. The second part of the

paper was to show that ordinary problems on concentric cables

could, in practice, be treated with sufficient accuracy by
assuming the capacity localized at either end of the cable,
instead of distributed along its length.

Royal Microscopical Society, December i6, 1891.
—

Dr. R. Braithwaite, President, in the chair.—Mr. E. M.
Nelson said he had severely tested Messrs. Powell and Lealand's
new apochromatic ,V of 1-4 N.A. both visually and photo-
graphically, and he could say it was of remarkably fine glass.
It gave an imoge more free of colour than that of many apochro-
matics he had seen

; its speed in microphotography was very
great. He noted it was fitted with a c )rrection collar.—Mr, H.
Bernard exhibited and described a new form of mechanical

stage which he had invented ; it was specially designed to

obviate the inconvenience arising on account of the very limited

range of motion admitted by those at present in use. The
plan which he had tried to follow was to imitate the movement
of the fingers as they are used for moving glass slides under the

microscope. The mechanism was all under and at the side of
the stage. Slides were moved by light adjustable frames. In
this way a movement of 10 cm. by 5 cm. was speedily obtained
without jarring against the condenser, or interfering with the

light. Large slips with series of sections could thus be very
easily examined, and zoophyte troughs could be searched from
corner to corner. By placing a brass plate on the movable
frame it was shown that the contents of a watch-glass could be

closely examined, the movement avoiding the usual shaking of
the fluid caused when watch-glasses are manipulated by
the fingers. He had shown the original drawings of the stage
to Prof. Abbe, who thought the idea was so good that he
had had the stage exhibited made by the firm of Zeiss, The
President, in thanking Mr. Bernard for bringing this stage to

their notice, expressed the opinion that it was likely to be founi
most useful for dissecting purposes. He had often felt t..o

inconvenience arising from the want of a greater range of move-
ment in the ordinary mechanical stage. After the business of

the meeting was over, Mr. Bernard gave a demonstration to the

Fellows, and very favourable comments were passed on its

practical use and originality.
—Prof. J. W. Groves read a letter

from Mr. Hermann giving information that Volvox globator v/&%

to be found in great abundance in a pond in the neighbourhood
of Balham.—A paper on the resolution of Podiira, by the Hon.

J. G, P. Vereker, was read by Prof. Groves. The author stated

that he had been experimenting in photomicrography on some
scales of Podura, and had obtained results which he thought
threw some light upon their structure. The photomicrographs
exhibited he considered appeared to prove that the Fodura
scale consists of a hyaline beaded membrane, having minute

featherlets inserted in it. At the broadest part of the scale
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there are one or two rows of beads between the featherlets,.
while towards the base and top of the scale the beads tend to

form single rows. Mr. E. M. Nelson believed that the effects

were due to the thickening of the membrane. Mr. J. E. Ingpen
said that Mr. Wenham had gone into this subject, and he had
come to the conclusion that the markings were inflations of the
membrane.—The President reminded the Fellows that the next

meeting would be the anniversary, and that it would therefore
be necessary to appoint two auditors to examine the treasurer's

accounts; on behalf of the Council he had appointed Mr. W.
T. Suffolk. Mr. Nelson proposed, and Mr. Wynne E. Baxter

seconded, Mr. J. M. Allen as auditor on the part of the Fellows.
This was put to the meeting and unanimously carried.

Edinburgh.

Royal Society, December 21, 1891.
—Dr. William Craig

in the chair.—Prof. Crum Brown communicated an obituary
notice of the late Mr. Andrew \ oung, by the Rev. Prof. Flint.— Prof. Crum Brown also read a preliminary communication,

by Dr. Dawson Turner, on the electric resistance of various

urines. The electric resistance is found to vary markedly when
the proportion of solid constituents in solution is different.

This test promises to be of use to the medical practitioner.
Kohlrausch's method of determining the resistance by alternating
currents and the telephone was adopted.

— Mr. Malcolm Laurie

read a paper on some Eurypterid remains from the Upper
Silurian deposits of the Pentland Hills, This collection of

fossils is now in the Edinburgh Museum of Science and Art,
and contains a number of new forms, one of which has been the

type of a new genus
—

Drcpanopterus. This form is charac-

terized by great breadth of carapace, and by the form of the

single limb which is preserved. The limb is long and narrow,
and ends in a slightly expanded sickle-shaped segment. The
genus appears to occupy a position intermediate between

Eurypterus and Stylomirus. Among the other remains are

found two new species of Slylonurus—S. ornatus and S.

macrophthalmus. Two new species of Eurypterus are aJso

represented
— E. conicus and E. cyclophthalinus. The second

species of Stylonurus and both species of Eurypterus are charac-

terized by exceptionally large eyes.
—Prof. Cossar Ewart read the

second part of a paper, written by himself and Mr, J. C.

Mitchell, on the lateral sense-organs of Elasmobranchs. In

this part the authors dealt with the sensory canals in Raia
batis. It has been supposed that these canals serve for the

production of mucus. The authors consider that this idea must
be abandoned. They have observed a number of mucus glands
in the skin sufficient to account for all the mucus found on the

surface. They incline to the opinion that the canals have some

respiratory function.

Paris.

Academy of Sciences, December 28, 1891.
—M. Duchartre

in the chair.—On a telescope reseau, by M. Mascart.— Note,

by M. Faye, accompanying the presentation of the Annuaire
dii Bureau des Longittides for 1892.—On the number of roots

common to several simultaneous equations, by M. Kronecker. —
Another note on the same subject, by M. mile Picard.—On
the glycolytic and saccharifying powers of the blood in hyper-

glycemic asphyxia, in phloridzic diabetes, and in the diabetes of

man, and on the localization of the saccharifying ferment in

the blood, by MM. R. Lepine and Barral.—Note on the dif-

fraction effects produced by screens placed in front of photo-

graphic and ordinary object-glasses, by Prof. Pritchard. (See
Our Astronomical Column.)—On conjugate systems with equal
invariants, by M. G. Koenigs.

—On the theory of linear differ-

ential equations, by M. Andre Markoff.—Complement to one
of Abel's problems, by M. Hougaieff.

—On a new spectrometer

{rifraciametre), by M. C. Fery. The principle upon which the

instrument has been constructed consists in annulling, by a

solid prism of variable angle and constant index of refraction,
the deviation produced by a hollow prism having a constant

small angle, and filled with the liquid whose refractive

index is required. To realize these conditions, a pris-

matic-shaped cavity has been cut out of a double-convex
lens in a plane perpendicular to the axis. This cavity is

filled with the liquid under examination. And since, in a

lens, the angle formed by the plane tangents to the surfaces of

curvature is sensibly proportional to the distance from the optical

centre, the angle of the lens considered as a prism can be varied

by motion in a plane perpendicular to the axis. The amount
of lateral motion necessary to bring about no deviation, when
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are :

and B2O3, MO.
A. Recoura.—
Besson. The

a white solid,

74°, readily de-

the lens containing a liquid is placed between a collimator and
an observing telescope, furnishes the datum from which the
index of refraction of the liquid can be calculated. The deter-
minations that have been made indicate that the method is

susceptible of high accuracy.
—Researches on the application of

measurements of rotatory power to the determination of com-
binations formed by sorbite in aqueous solution with acid sodium
and ammonium molybdates, by M. D. Gernez,—Metallic

borates, by M. H. Le Chatelier. The author has prepared,
purified, and analyzed borates of magnesium, calcium, and zinc.

He concludes that many of the complex borates previously
described are in reality mixtures of comparatively simple
borates with boric anhydride, and that the only types of borates
of which the Composition is sufficiently established

B0O3, 3MO; B.,03, 2MO ; B.^Og, I-SMO;—On isomeric chromic sulphates, by M.
On a silicon chlorosulphide, by M. A
compound SijClgSj has been obtained as

crystallizing in long needles melting . at

composing in the air, and acted on with violence by water.—
A new crystallized copper phosphide, by M. Granger.

—The
solution of antimony chloride in saturated solutions of sodium
chloride, by M. H. Causse.—On a double cyanide of copper
and ammonium, by M. E. Fleurent.—Study of the thermal

properties of bibasic organic acids : influence of the alcoholic

function, by M. G. Massol.—Disodium glycol, by M. de
Forcrand. —Action of dilute nitric acid on nononaphthene, by
M. KonovalofF.—The formation of acetylene from bromoform,
by M. P. Cazeneuve.—Action of phosphorus pentachloride on

methylnaphthyl ketones : a and j8 naphthylacetylenes, by M.
J. A. Leroy.

—Observations on the subject of a note of MM.
Arm. Gautier and R. Drouin, by MM. Th. Schlcesing, fils,
and Em. Laurent.—On the formation of cordierite in the sedi-

mentary rocks fused by the coal fires at Commentry (AUier), by
M. A. Lacroix. An examination of some rock specimens from

Commentry, where the underground combustion of coal has
been going on for some time, shows that the most abundant
mineral constituting the lavas formed (especially the ropy varie-

ties) is cordierite. This mineral occurs in small crystals, which have
not, however, been isolated and analyzed. It is accompanied by
octahedricspinellidsinconnectionwithanorthite, and small, almost

rectangular, microlites. The augite often exhibits the chrondritic
structure of meteorites. The variation m the relative abundance of

cordierite, anorthite, and augite, their very unequal dimensions
in different specimens, and the relative abundance or rarity of
the glass, give rise to numerous interesting petrographical varie-

ties. Mallard's rhabdite has been easily recognized. The facts

show that cordierite is easily formed by the action of heat on

sedimentary rocks ; indeed, it appears from the observations to

be an habitual product of Carboniferous rocks modified by heat.—
Functions of the pectiniform organ of scorpions, by MM. Charles

Brongniart and Gaubert.—On the regime of the oceanic sardine
in 1890, by M. Georges Pouchet.—On the presence of Hdero-
dera Schachtii in cultures of carnations at Nice, by M. Joannes
Chatin.—On a phtiriasis of fibrous copper, caused, in an infant

of five months, by Phtirius inguinalis, by M. Trouessart.—Ob-
servations on the cellulosic membrane, by M. L. Mangin.

—On
the penetration of the violet filaments of the Rhizoctone fungus
in the roots of beetroot and lucern-grass, by M. Ed. Prillieux.—
On the assimilation of parasitic plants by chlorophyll, by M.
Gaston Bonnier.—Earthquake of October 28, 1891, in Central

Japan, by M. Wada.

Berlin.

Physiological Society, December 11, 1891.
—Prof, du Bois

Reymond, President, in the chair.—Prof. Fritsch gave an

account, illustrated by specimens and preparations, of the general
result of his investigations on feebly electrical fishes, as far as

these dealt with the structural arrangement of the electric organ,
the nerves to the same, and the nerve centres.—Dr. C. Benda

spoke about his recent researches on spermatogenesis, entering

fully into the part played by the archoplasm in the development
of spermatozoa.

Physical Society, December 18, 1891.
—Prof. Kundt, Pre-

sident, in the chair.—Prof. Schwalbe recalled to the Society the

loss it had sustained in the death of Dr. Ewald, one of its

earliest and formerly most active members.—Dr. Budde gave
a rhutne of the work which has been done during the last ten

years on supersaturated solutions, and an account of the present
state of the question.

—Dr. Paschen spoke on gravimtional
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attraction and its measurement by Cavendish and his successors,

dealing specially with the work 'of Boys, whose methods he
explained and whose apparatus he exhibited to the Society.

Amsterdam.

Royal Academy of Sciences, December 19, 1891.
— Prof,

van de Sande Bakhuyzen in the chair.—Dr. Bakhuis Rooze-
boom treated of the influence of isomorphism on the behaviour
of double salts during solution. He studied the isotherm of

15° for the saturated solutions possible with the system FeCl;,,
NH4CI, and HoO. When representing the numbers of mol.

FeClg and NH4CI pro 100 mol. HoO in the solution, this

isotherm consists of three branches. The first gives the solu-
tions in equilibrum with solid FeCIj.eHoO, the second with the
double salt FeCl3.2NH4Cl.H._,0, the thi'rd with mixed crystals

containing from ± 8 per cent. FeClg to zero. The three
branches have two points of sharp intersection. In the first

coexist the double salt with FeCl3.6H20, in the second the
double salt with mixed crystals containing the highest possible
percentage of FeClj. These results confirm the rule that with

systems of three bodies the composition of a solution is variable
when only one solid phase lies at the bottom, but determined
when there are two solid phases. The occurrence of mixed
crystals besides double salts modifies the behaviour of the solu-

tion when one or other of the composing salts is added con-

tinuously.
—Mr. J. A. C. Oudemans spoke on levels. He had

had to try two levels of an altazimuth of the Sumatra triangula-
tion, having each an air chamber at one of their ends ; using a
bubble not longer than one-third of the scale, he found the value
of a division in the first and last third two or three times larger
than in the middle, so that he inclined to reject the levels. But

trying the same levels with long bubbles—for instance, of two-
thirds of the scale—they proved much better, the inclination

given by the level-trier being nearly proportional to the

indication of the level, and the remainder of the irregularity

being easily taken into account by a table. The necessity
of making up, by experiment, a table of the inclination in a

function of the level-reading, being once admitted, the judg-
ment about a level ought to depend, not so much on the uni-

formity of the curvature, as on the constancy (the bubble

remaining of the same length) of the reading, the inclination

being the same ; which property may easily be tested by the

level-trier.
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CHEMISTRY OF PAINTS AND
PAINTING.

The Chemistry of Paints and Painting. By A. H.

Church, M.A., F.R.S. (London : Seeley and Co., 1890.)

CONSIDERING
the widespread interest which at-

taches to all matters connected with pictures and

painting, it is perhaps somewhat surprising that up to

within quite recent times no attempt has been made to

discuss and review in a comprehensive and efificient

manner the materials and methods of painting from a

strictly chemical point of view. It will, however, be

readily conceded that the field is an extensive one, and
it is, moreover, obvious that an intimate acquaintance
with the technique of painting will be found only very

rarely associated in the same individual with a thorough

knowledge of chemistry. Neither a mere chemist nor a

mere artist could undertake the task with a fair prospect
of success.

The author of the present volume, on accepting, some

years ago, the Professorship of Chemistry in the Royal
Academy of Arts, found there a congenial sphere of

activity, and an opportunity of devoting himself thence-

forward to chemistry in its bearing on pigments and

painting
—a subject which long before had had a great

attraction for him, as evinced by his early publication

referring to these matters, and also by the fact that he

has himself practised with no inconsiderable success the

art of painting. It is thus that the information given in

this work is derived on the one hand from an exact

scientific study, whilst on the other hand it is based upon
a knowledge of the technical details of the art. As it

has been written especially with the view of explaining to

the artist and the art student the more important chemical

and physical characters of the materials they employ,
and of the processes they manipulate, the author has

exercised commendable discretion in not encumbering
the text with chemical detail beyond the general scope
of those for whom the book is intended.

" In many instances a sketch of the processes for

preparing certain pigments and varnishes is given,
not in order to turn the painter into a colour-maker or a
varnish manufacturer, but rather that he may acquire
a clearer insight into the nature and properties of the
most important constituents entering into the composi-
tion of his pictures."

The author very aptly begins his work by a discussion

of the various painting grounds, and briefly describes the

essential qualities of paper, vellum, ivory, fresco and

stereochrome grounds, of slate and stone, of wood panel
and canvas. This part is divided into four short

chapters, which contain many valuable practical hints.

He next proceeds to the description of the vehicles and

varnishes, and this part comprises the oils, resins, waxes,

paraffin waxes, yolk and white of ^g%, size, glue, gums,

glycerine, honey, water-glass, lime and baryta-water,

solvents and diluents, siccatives and dryers, varnishes

and oleo-resinous vehicles.

Describing the several drying oils—namely, linseed oil,

poppy oil, and walnut oil, he enters more fully into a
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discussion of the first-named as being the typical one,
and also by far the most important. Here he gives an
account of the proper mode of preparing and purifying
the oil, and directs attention to the variation of the

qualities of the oil of seed of different origin ; he also

explains why preference should be given to the cold

pressed oils. A very concise and instructive discussion

of the chemical composition of linseed oil leads on to

a consideration of the chemical change which the oil

undergoes in the act of drying. This remarkable change,
in which the chief value of these drying oils centres, is

greatly accelerated by the presence of certain metallic

oxides, such as those of lead, iron, or manganese. Later

on, in a chapter devoted to siccatives and dryers, the

author directs attention to the excessive and improper
use of lead compounds, and very justly refers to the

advantage of using instead of them the compounds of

manganese, and especially the borate, in the preparation
of the strongly drying oils. Such delusive dryers as

borates of lime and zinc or sulphate of zinc, however, we
think ought to have been mentioned only in order to

condemn them.

The chapter on resins, waxes, and solid paraffin, con-

tains a description of these substances and their properties
in so far as they are of interest to the painter. In a

similar manner the author treats the various other

materials considered in this part, such as yolk and white

of &g^, size, gum, glycerine, water-glass, &c. ; and under

the head of solvents and diluents we find a very useful

and instructive account of the different kinds of oil of

turpentine and the liquid hydrocarbons made use of in

the artist's studio. Amongst them, oil of turpentine
stands foremost in importance. It is to the painter in,

oil colours what water is to the painter in water colours ;

and in order to fulfil its function in the most perfect

manner, it is essential that it should be pure, and should

completely volatilize without leaving any phlegma in the

substance of the paint. Oil of turpentine is very prone
to become changed and acted upon by the atmospheric

oxygen, especially in the presence of moisture and under

the influence of light. As the author points out, different

kinds of oil of turpentine vary very materially in this,

respect, and the artist has to be on his guard to select

the best kinds for his use. The employment of de-

teriorated or inferior oil of turpentine may give rise to

very serious defects which are often ascribed to other

causes. Other hydrocarbons, now available for the artist,

are petroleum spirit and the benzenes, which comprise

liquids of very varied degrees of volatility, and which do

not share the objectionable propensity of oil of turpen-

tine just alluded to. Here we would, however, remark

that the petroleum hydrocarbons are much less efficient

solvents than oil of turpentine, as they do not entirely

dissolve even mastic or dammar
; whilst, on the other

hand, the benzenes are much superior in this respect,

and especially the higher members of this series deserve

the attention of the artist and varnish maker.

The last chapter in Part II. discusses varnishes and

vehicles, their composition and preparation. Treating
of mastic varnish—which is merely a solution of mastic

in some volatile solvent, generally oil of turpentine
—the

author assigns to this substance its proper function,

which is that of a surface varnish only. On no account

M
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ought it ever to find its way into the body of the painting

itself, as is unfortunately the case whenever megilp is

used as the painting medium, this being in reality a

mixture of mastic varnish with linseed oil. On the

other hand, it is important that mastic varnish, when
used as the surfacing varnish, should be applied without

any admixture of oil varnishes, which, from their

rendering the mastic harder, more insoluble, and less

friable, make it much more difficult to remove and renew
the varnish.

Of a different character and of far greater importance
are the fat or oil varnishes, which are compounds of the

harder resins, such as amber and the different kinds of

copals, with linseed oil, and diluted with oil of turpentine.

They form in reality the vehicle or medium for modern
oil painting, and consequently furnish ultimately the

matrix in which the particles of the colour are embedded
and held together. Next to the stability of the colours,

it is then the durability of this varnish medium in com-
bination with dry linseed oil, on which the perman-
ency of the oil-painting mainly depends. On the assump-
tion that the valuable qualities of the hard resins are

maintained in the varnishes derived from them, it is

understood that artists' varnishes are prepared only from

the hardest and most tenacious kinds of resins. Unfor-

tunately these are the most unmanageable and the least

soluble, and require the highest degree of heat to bring
them into fusion for the purpose of effecting the com-
bination with the linseed oil and oil of turpentine in the

process of making varnish. Even the most powerful

solvents, such as acetone, ether, benzene, chloroform,

aniline, and phenol,have only a limited solvent action upon
amber or the harder semi-fossil kinds of copal ; and their

solution can only be effected after they have undergone a

profound change by fusion or otherwise. In opposition
to what is generally stated, neither amber nor the semi-

fossil hard copals are fusible in the ordinary sense of the

word
;
for they require to be kept at a high temperature, in

suitable vessels, for a considerable time before they become

gradually liquefied by the action of the heavy oily pro-
ducts of their own decomposition. Amber or copal, when
thus once melted, are completely changed ; they are now
fusible at a low temperature ; they have become readily

soluble in ordinary solvents, and miscible with heated

linseed oil
; but at the same time the original hardness

of the resins is greatly reduced, and the colour has become
of a more or less dark tint-

It remains to be proved whether much is gained by

using the very hardest resins, instead of softer and more
tractable kinds which yield lighter-coloured varnishes

;

and this is a subject which, in the reviewer s opinion,

deserves investigation. Varnish-making is still a secret

trade
;
and the nature of varnishes, more than any other

artists' materials, is involved in much obscurity. There

are no chemical methods known for ascertaining the

nature or proportion of the ingredients used in their

preparation, and as time is the most important factor

in proving the quality of varnishes, direct practical experi-

mental tests may be misleading.
A new process for making varnish, said to be in use on

the Continent, consists in heating the resins with the

solvents in autoclaves under high pressure ;
and there

are also processes recommended which seem especially
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adapted for those who wish to make their own varnishes
on a small scale. These latter depend on the peculiar

change which the hard copals f undergo when exposed
for some time, in a state of very fine powder, to the action

of hot air, whereby the resin is rendered more soluble

without becoming much discoloured. The author de-

scribes such a process,jin which the finely-powdered

resin, after having been exposed for some time to the

action of air at a temperature of azo^ C, is first dissolved

in chloroform, then mixed with oil of turpentine, and
after the chloroform has been distilled off, the resulting
solution is gradually incorporated with the drying linseed

oil. Although 220^ C. is repeatedly mentioned as the

temperature to which the powdered resins have to be

exposed, we venture to suggest that this must be a mis-

take. Neither amber nor the copals will endure this

temperature for any time without melting and becoming
of a dark brown colour, or otherwise decomposed.
On the other hand, the writer of this notice has found

that the various kinds of copal, which, by exposure in a

finely-powdered condition for some weeks to the action of

hot air in a steam closet, have become readily soluble in

chloroform or acetone, are nevertheless almost entirely

precipitated again on adding oil of turpentine or ben-

zene to such a solution, and no amount of digestion,

either with or without linseed oil, will redissolve them.

Amber thus treated behaves in a similar manner, but

the amount rendered soluble in chloroform or acetone is

much smaller. It would, then, appear that this matter

requires some further elucidation before this new process
can be made readily available.

It has already been mentioned that there are no special
tests for ascertaining the quality of a varnish. Spread-

ing a thin layer on a sheet of glass, and then observing
the character of the film produced on drying, seems all

that can be done. It ought to become dry to the touch

within eight or ten hours, and not become fissured even

when exposed to sunshine during a year ;
nor should the

surface become dull through the appearance of "
bloom,"

caused by the minute exudation of solid fatty acids

originating from the linseed oil employed in its pre-

paration.

As the drying of the solution of resins in a volatile

solvent depends solely on the volatilization of the solvent,

this process is accompanied by a shrinkage of the body
of the varnish, which sets up a tendency to breaking up
of the surface. Linseed oil, on the other hand, becomes

dry or solid in consequence of combining with a large

quantity of oxygen, and this is attended by an increase

in bulk. It follows that as long as a sufficient propor-
tion of oil is in combination with the resin the tendency
to crack is compensated ; but if the artist, from habit or

other reasons, uses with his colours a medium deficient

in oil, he encounters the risk of the body of his paint-

ings becoming fissured in the course of time, and readily

subject to the destructive action of the atmosphere.

Part III. treats of pigments, and, as we might expect, this

division forms a large and most important part of the work.

All the colours which are made use of in painting are here

described in detail, and nothing seems to be omitted

which may serve to instruct or guide the artist and

student. The historical reference with which the descrip-

tion of each of the colours is introduced is followed by
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a discussion of its chemical composition, and an outline

is given of the most approved methods of preparation.
Wherever desirable the chemical test is described by
which the purity of the colour may be recognized and

any adulteration detected ; but what will be esteemed as

most valuable are the observations and suggestions which

bear immediately upon the physical and chemical proper-
ties concerned in their special applications. Here the

author gives us, in most cases, the results of his own

experiments, and especially when he deals with the ques-
tion of the permanency of the colours. The changes
which the colours are liable to, whether under the influence

of light, or when mixed with other colours, or under the

conditions in which they exist in a painting, are likewise

fully gone into and considered. Beginning with the

white pigments, the author discusses the flake-white or

white lead which occupies a foremost place on the artist's

palette on account of its superior whiteness, its excellent

working qualities, and the power it possesses of imparting
its own strongly siccative character to slow-drying oil

colours. He also draws special attention to a valuable pro-

perty of white lead which has scarcely been clearly recog-

nized, and which depends upon the formation of a kind of

lead-soap in the oil colours it is mixed with. This lead-soap

imparts a degree of toughness and elasticity to the body
of the painting, and thus prevents it from cracking when
become dry with age. On the other hand, white lead,

like all lead compounds, even when locked up in the

medium of the paint, is liable to become brown and dark-

coloured when exposed to the action of even minute

traces of sulphuretted hydrogen, and this darkening is

much favoured by moisture and the absence of light.

According to the author, an admixture of baryta white

(barium sulphate), in the proportion of one to two, very
much lessens this deleterious eff'ect. Zinc white, although
free from the last-named defects of white lead, and of

great value in water-colour, tempera, and fresco paint-

ing, has, nevertheless, only to a limited degree become a

substitute for white lead in oil painting on account of its

being a bad dryer, its possessing a lesser degree of

opacity, and its tendency to crack and scale.

In the chapter on yellow pigments, the author's remarks

on the peculiarities of the different shades of cadmium yel-

low deserve especial notice. We may here add, in passing,
that any free sulphur in the raw cadmium yellow may be

readily removed by carefully heating it in an open vessel.

Aureolin, or cobalt yellow, is very favourably spoken of by
the author, and so is baryta yellow and Indian yellow, but

these have to be applied with caution when used along
with certain other pigments to which he refers.

Very instructive are his observations on Naples yellow,

an old favourite of the artist's ; also those on yellow lake

or brown pink, which, as he remarks, ought to be rigor-

ously excluded from the artist's palette. The chrome

yellows are dismissed with a very short notice, for, beau-

tiful as they are, they are quite unfitted for use in tempera
or water-colour painting, and although showing some

degree of permanency when locked up in a resinous

vehicle and protected by varnish, they are peculiarly

liable to change when mixed with pigments of organic

origin.

Passing on to the red pigments, we find a very full de-

scription of vermilion, a colour of great importance, but
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unfortunately of a very capricious behaviour in respect of

permanency. It is a remarkable fact that vermilion pre-

pared from the native mineral cinnabar is found perfectly

preserved in old Italian tempera paintings, and even in

wall-paintings of Pompeii ;
whilst the artificial vermilion

now generally in use, whether prepared by the dry or by
the moist way, and although of finer tint and chemically

pure, is very liable to change. All we know at present
on this subject is that this is due not to a chemical

alteration, but merely to a physical or molecular change
of the red crystalline into the black modification of

sulphide of mercury, and that this transformation is

especially favoured by strong sunlight. Different samples
of artificial vermilion, however, frequently exhibit a

different degree of liability to change, and as the more

finely ground orange vermilions are generally found to

be the less stable, it has been inferred that the fine state

of division favours the change. In reference to this we

may, however, mention that if such pale vermilion is

heated for some hours at a temperature approaching

volatilization, it gradually assumes a darker red colour,,

and becomes crystalline like the sublimed cinnabar
;
and

yet by this treatment its liability to turn black in sunlight

is not lessened, but on the contrary much increased. It

is evident that a great deal has still to be learned about

this pigment.
The pigments derived from madder possess particular

interest, and are remarkable for their stability as well as

for their early introduction in the arts. The author

states that such colours were known in Europe as early

as the thirteenth century ; but red madder pigments
have been found in some quantity at Pompeii, and more

recently also amongst ancient colour materials in Egypt.
Alizarin and its allied colouring principles, which are

the essential colour-giving constituents originally derived

from madder-root, are now manufactured artificially from

anthracene, and most of the madder colours are at present
obtained from this source. Nevertheless, it is a note-

worthy fact that the choicer kinds of the madder pigments
used by artists are still prepared from madder-root,

although artificial alizarin, purpurin, and anthrapurpurin
in a chemically pure state are accessible to the colour-

maker at a cheaper rate. It is not clear whether it is

merely habit of the colour-maker, and a difficulty of adapt-

ing the use of the pure colouring-matters to the old

methods, or whether it is the presence of some still un-

recognized constituent of madder-root, which causes the

root to be preferred in the production of fine artists'

colours. It is, perhaps, of interest to mention here

that a difference in the behaviour of the artificial

colouring-matter is also observed in the difficulty of

applying it on wool or woollen cloth so thoroughly fast as

to stand the operation of fulling. On this account the

red cloth of the French army is still dyed with madder,,
and probably this is the true reason why the cultivation

of this plant is still to some extent continued.

The study of the chemistry of the Turkey-red dyeing
has fully established the important part which the pre-
sence of fatty matter, in some peculiar condition, plays.in
this remarkable process. That this also holds good with

pigments can be shown by trying to produce these

colours from artificial alizarins without using such fatty

substances
;
and this may in some way account for the^
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author's failure to obtain the best possible result from

pure alizarin, although prepared from madder-root.

Although madder colours are deservedly esteemed for

their stability, the author has proved, by a series of

experiments with different samples of commercial

moist and cake colours, that they are by no means
all alike in this respect. Considering their great im-

portance for the artist, as being unique in their special

qualities of tint and permanency, it appears highly de-

sirable that a thorough investigation should settle the

question as to the composition of the most stable of them,
and thus furnish a guide to the preparation of entirely

trustworthy colours. A formula quoted by the author on

p. 154 for the preparation of madder carmine seems in-

complete, as no mention is made of any alum or alumina,
which is an essential constituent of this pigment.

Passing on, we take notice of a short account of lac dye
and cochineal lakes, which, along with the ancient

kermes, are furnished by three different species of coccus.

Of these only the cochineal carmine is of interest ; but,
rich and beautiful as is this colour, the author very justly
warns the artist against its use on account of its want of

stability. We may take this opportunity of observing
that pure carmine, notwithstanding its ready solubility in

ammonia, is a true lake, and, in fact, is a definite com-

pound of one of the carminic acids with lime and alumina.

In the chapter on blue pigments, the article on indigo
deserves special attention

;
and many will be disappointed

to find that this highly esteemed colouring-matter,

generally supposed to be one of the most permanent,
does certainly not deserve this character when used in

painting. To this pigment is largely due the faded con-

dition of the works of artists who have used it extensively.
This proneness to fade is especially noticeable in water-

colour paintings where the sulphindigotates have been

employed.

Considering the lamentable deterioration of some of the

works of artists who have used asphaltum too freely, it is

satisfactory to learn that this substance may be safely

•employed if prepared as directed by the author. In this

connection mention is also made of a brown water-colour

said to be an animoniacal extract of asphaltum ; but we
venture to say that this must be some trade mystification,
for genuine asphaltum does not yield its colour to

ammonia, or indeed to any other alkaline solvent.

After the detailed description of the pigments, a chemi-

cal classification of them is given, which in the main is

an arrangement based upon their chemical composition,
and which more prominently exhibits the characteristic

chemical and physical difference of deportment of the

various groups in which the pigments may be classified.

In chapter xxi. tables are given in which the pigments
are ranged according to their stability into three classes,

and it may be seen at a glance what degree of per-

manency is ascribed to any of them.

Chapter xxii. is full of most important considerations

and useful suggestions with regard to selected and con-
j

structed palettes ; and after discussing the lists of pig-

ments used by some well-known artists, the author gives
his selected palettes for oil and water colours.

In chapter xxiii. the chemistry of the various methods
of painting in tempera, fresco, stereochromy, oil and
water colour, and pastel, are discussed and explained ;
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and under oil painting the complicated changes which
the vehicles and their constituents undergo during the

process of painting are recapitulated.

Chapter xxiv. contains a study of old paintings and

drawings, with the special object of giving a brief account

of the materials used in the production of these early

works, and comments on the lessons to be drawn from
individual pictures.

Chapter xxv. is devoted to a discussion of the best

means for conservation of pictures and drawings, with

some useful hints on restoration
;
and in the concluding

chapter xxvi. we have an account of trials of pigments as

to their permanency, carried oat by the author and other

investigators. This is a subject which in recent times has

received a good deal of attention, and although the in-

vestigations dealing with this matter are by no means

concluded, very important results have already been
obtained.

This is especially the case with regard to water-colour

paints, which, on account of their thinness of application
and absence of a protecting medium, are much more

susceptible to fading, and therefore give greater facility

for examination than the oil colours. It is now well

understood that the action of light in conjunction with

moisture and air is the principal cause of the fading
of the colours

;
and were it practicable to keep water-

colour drawings absolutely dry inclosed between glass

plates, front and back, their preservation would be much
prolonged. With oil paintings the conditions are dif-

ferent, and in some respects more favourable, especially
when the painting has once reached its proper stage of

maturity
—that is to say, when the volatile vehicles have

entirely passed away, and the linseed oil has completed
its course of drying and oxidation. Whilst the process
of drying is still going on in the early years of the

existence of an oil painting, some amount of moisture

is produced within the body of the painting as a direct

product of the oxidation of the linseed oil, and con-

sequently a picture too freely exposed to sunlight in this

stage will be much more liable to suffer and to change
than later on, when the resinous and oleaginous vehicles in

which the particles of colour are locked up have become
firm and quiescent. To fully appreciate this we must
bear in mind that even the varnish and resinous vehicles

do not so completely exclude air and moisture from
without as is commonly supposed.
There is still much to be learned with regard to the

chemical processes involved in the so-called drying of

linseed oil, and this subject deserves a thorough re-

investigation in the light and with the means of modern
chemical research. It is, for instance, a well-known fact

that linseed oil under certain conditions becomes itself a

most powerful oxidizer, so much so that canvas or paper
soaked with it will become destroyed in the course of

time, and it seems that this effect is especially marked
when oil of turpentine has been used along with it.

It is quite conceivable that this activity of linseed oil

may be one of the agents at work in the deterioration of

oil paintings ;
but whatever dangers may arise from this,

the use of linseed oil cannot be dispensed with.

It is otherwise with oil of turpentine, for which a

very much superior substitute might be found in the

higher members of the ^benzene series, which could
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now be obtained at a sufficiently moderate cost if a

demand for them should arise. These hydrocarbons,
whilst indifferent to the action of atmospheric oxygen,

possess greater solvent power than any other, and on
this account they are also well adapted for the prepara-
tion of varnishes. But for this latter purpose a still more
suitable vehicle will be found in the amylic acetate, which
dissolves even the hardest copals almost entirely after

having been previously finely powdered and kept for

some time in a hot closet. In this way excellent var-

nishes -Tiay be produced.
In reviewing a work dealing with so vast a number of

subjects, it is obviously impracticable to do more than to

refer to some few of them
; but we think sufficient has

been said in the foregoing notice to show the valuable

character of the work before us, and although it will be

freely admitted that there are still a good many points
which demand further inquiry and elucidation, those who
are interested in the subject may be congratulated on
now possessing in an accessible form all that chemistry
has for the present to say on paints and painting.

Hugo Muller.

POINCARE'S THERMODYNAMICS.
Thermodynamique. Legons professdes . . . par H.

Poincard, Membre de I'lnstitut. Pp. xix., 432. (Paris :

Georges Carre, 1892.)

THE great expectations with which, on account of the

well-won fame of its Author, we took up this book
have unfortunately not been realized. The main reason
is not far to seek, and requires no lengthened exposition.
Its nature will be obvious from the following examples.
The late Prof. W. H. Miller, as able a mathematician

as he was a trustworthy experimenter, regularly com-
menced his course of Crystallography at Cambridge (after

seizing the chalk and drawing a diagram on the black

board) with the words :
—"

Gentlemen, let Ox, Oy, Oz be
the coordinate axes." And, some forty years ago, in a
certain mathematical circle at Cambridge, men were wont
to deplore the necessity of introducing words «/ a// in

a physico-mathematical text-book :
—the unattainable,

though closely approachable, Ideal being regarded as a
work devoid of aught but formulae !

But one learns something in forty years, and accord-

ingly the surviving members of that circle now take a very
different view of the matter. They have been taught, alike

by experience and by example, to regard mathematics,
so far at least as physical inquiries are concerned, as a

mere auxiliary to thought :
—of a vastly higher order of

difficulty, no doubt, than ordinary numerical calculations,
but still to be regarded as of essentially the same kind.

This is one of the great truths which were enforced by
Faraday's splendid career.

And the consequence, in this country at least, has been
that we find in the majority of the higher class of physi-
cal text-books few except the absolutely indispensable
formula. Take, for instance, that profound yet homely
and unpretentious work, Clerk-Maxwell's Theory of Heat.

Even his great work, Electricity, though it seems to bristle

with formula;, contains but few which are altogether un-

necessary. Compare it, in this respect, with the best of
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more recent works on the same advanced portions of the

subject.

In M. Poincare's work, however, all this is changed.
Over and over again, in the frankest manner (see, for

instance, pp. xvi, 176), he confesses that he lays himself

open to the charge of introducing unnecessary mathe-

matics :
—and there are many other places where, probably

thinking such a confession would be too palpably super-

fluous, he does not feel constrained to make it. This

feature of his work, at least, is sure to render it accept-

able to one limited but imposing body, the Examiners

for the Mathematical Tripos {Part //.).

M. Poincard not only ranks very high indeed among
pure mathematicians but has done much excellent and

singularly original work in applied mathematics :
—all the

more therefore should he be warned to bear in mind the

words of Shakespeare
" Oh ! it is excellent

" To have a giant's strength ; but it is tyrannous" To use it like a giant."

From the physical point of view, however, there is much

more than this to be said. For mathematical analysis,

like arithmetic, should never be appealed to in a physical

inquiry till unaided thought has done its utmost. Then,
and not till then, is the investigator in a position rightly

to embody his difficulty in the language of symbols, with

a clear understanding of what is demanded from their

potent assistance. The violation of this rule is very

frequent in M. Poincard's work, and is one main cause of

its quite unnecessary bulk. Solutions of important

problems, which are avowedly imperfect because based

on untenable hypotheses (see, for instance, §§ 284-286),
are not useful to a student, even as a warning :— they are

much more likely to create confusion, especially when

a complete solution, based upon full experimental data

and careful thought, can be immediately afterwards

placed before him. If something is really desired, in

addition to the complete solution of any problem, the

proper course is to prefix to the complete treatment one

or more exact solutions of simple cases. This course is

almost certain to be useful to the student. The whole

of M. Poincare's work savours of the consciousness of

mathematical power:—and exhibits a lavish, almost a

reckless, use of it. Todhunter's favourite phrase, when
one of his pupils happened to use processes more
formidable than the subject required, was *"Hm :—

breaking a fly on the wheel !

" He would have had

frequent occasion to use it during a perusal of this volume.

An excellent instance of the dangerous results of this

lavish display of mathematical skill occurs at pp. 137-38,

the greater part of which {as printed) consists of a mass
of error of which no one, certainly, would accuse M
Poincare. The cause must therefore be traced to the

unnecessary display of dexterity with which, after obtain-

ing the equation

Q,/Q: = I -
A/(Ti, T,),

where the order of the suffixes is evidently of paramount

importance, M. Poincar^ proceeded to say
" Nous

pouvons done dcrire

Q,/Q2 = </.(T„ T,)."

But his unfortunate printer, not prepared for such a tour

de force, very naturally repeated the Qj/Qi of the first
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equation, with the result of wholly falsifying all that

follows. On the other hand, we must fully recognize that,

when more formidable analysis is really required (as, for

instance, in the treatment of v. Helmholtz's monocyclic
and polycyclic systems), M. Poincare seems to feel so

thoroughly at home as to criticize with freedom.

One test of the soundness of an author, writing on

Thermodynamics, is his treatment of temperature, and

his introduction of absolute temperature. M. Poincare

gets over this part of his work very expeditiously. In

§§ I5~i7 temperature, /, is conventionally defined as in

the Centigrade thermometer by means of the volume of

a given quantity of mercury ;
or by any continuous

function of that volume which increases along with it.

Next (§ 22) absolute temperature, T, is defined, provision-

ally and with a caution, as 273 +/ ;
from the (so-called)

laws of Ivlariotte and Gay-Lussac. Then, finally (§ 118),

absolute temperature is virtually defined afresh as the

reciprocal of Carnot's function. [We say virtually, as

we use the term in the sense defined by Thomson. M.
Poincard's FoncHon de Carnot is a different thing.] But

there seems to be no hint given as to the results of

experiments made expressly to compare these two defini-

tions. Nothing, for instance, in this connection at all

events, is said about the long-continued early experi-
mental work of Joule and Thomson, which justified them
in basing the measurement of absolute temperature on

Carnot's function.

In saying this, however, we must most explicitly dis-

claim any intention of charging M. Poincare with even

a trace of that sometimes merely invidious, sometimes

purely Chauvinistic, spirit which has done so much to

•embitter discussions of the history of the subject. On
the contrary, we consider that he gives far too little pro-

minence to the really extraordinary merits of his own

•countryman Sadi Carnot. He writes not as a partisan

but rather as one to whom the history of the subject is a

matter of all but complete indifference. So far, in fact,

does he carry this that the name of Mayer, which fre-

quently occurs, seems to be spelled incorrectly on by
far the greater number of these occasions ! He makes,

however, one very striking historical statement (§ 95) :
—

" Clausius . . . lui donna le nom de Priticipe de Carnot,
"bien qu'il I'eut enonce sans avoir connaissance des
" travaux de Sadi Carnot."

Still, one naturally expects to find, in a Treatise such

as this, some little allusion at least to Thermodynamic
Motivity ;

to its waste, the Dissipation of Energy ;
and

to the rest of those important early results of Sir W.
Thomson, which have had such immense influence on

the development of the subject. We look in vain for any
mention of Rankine or of his Thermodynamic Function

;

though we have enough, and to spare, of it under its

later alias of Entropy. The word dissipation does

indeed occur, for we are told in the Introduction that the

Principe de Carnot is
"
la dissipation de VentropieT

We find Bunsen and Mousson cited, with regard to the

•effect of pressure upon melting points, almost before a

word is said of James Thomson
; and, when that word

does come, it wholly fails to exhibit the real nature or

value of the great advance he made.

Andrews again, a propos of the critical point, and his

splendid work on the isothermals of carbonic acid, comes
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in for the barest mention only after a long discussion of

those very curves, and of the equations suggested for

them by Van der Waals, Clausius, and Sarrau :
—
though

his work was the acknowledged origin of their attempts.
The reason for all this is, as before hinted, that M.

Poincare has, in this work, chosen to play almost exclu-

sively the part of the pure technical analyst ;
instead of

that of the profound thinker, though he is perfectly com-

petent to do that also when he pleases. And, in his as-

sumed capacity, he quite naturally looks with indifference,

if not with absolute contempt, on the work of the lowly

experimenter. Yet, in strange contradiction to this, and

still more in contradiction to his ascription of the Con-

servation of Energy to Mayer, he says of that principle:^
—

"
personne n'ignore que c'est un fait experimental."

Even the elaborate thermo-electric experiments of Sir W.

Thomson, Magnus, &c., are altogether ignored. What
else can we gather from passages like the following.''

( § 287)
"
Sir W. Thomson admet qu'il existe une

"
force electromotrice au contact de deux portions d'un

" meme conducteur a des temperatures differentes
;

il

" assimile done ces deux portions a deux conducteurs
" de nature differente, assimilation qui parait tres vrai-
" semblable."

(§ 291) "... si I'effet Thomson a pu etre mis en
" evidence par I'expdrience, on n'a pu jusqu'ici constater
"

I'existence des forces electromotrices qui lui donnent
"
naissance."

Everyone who comes to this work of M. Poincare fresh

from the study of Clerk- Maxwell's litile treatise (or of the

early papers of Thomson, to which it owed much) will

feel as if transferred to a totally new world. Let him

look, for instance, at Maxwell's treatment of the Thermo-

dynamic Relations, Intrinsic and Available Energy, &c.,

and then turn to pp. 148-150 of M. Poincar^'s work.

There he will find at least a large portion of these most

important matters embodied in what it seems we are now
to call the Fojictions caractcristiqucs de M. Massieu !

But the most unsatisfactory part of the whole work is,

it seems to us, the entire ignoration of the true {i.e. the

statistical) basis of the second Law of Thermodynamics.

According to Clerk-Maxwell (NATURE, xvii. 278)

" The touch-stone of a treatise on Thermodynamics is
" what is called the second law."

We need not quote the very clear statement which

follows this, as it is probably accessible to all our readers.

It certainly has not much resemblance to what will be

found on the point in M. Poincard's work :
—so little,

indeed, that if we were to judge by these two writings

alone it would appear that, with the exception of the

portion treated in the recent investigations of v. Helm-

holtz, the science had been retrograding, certainly not

advancing, for the last twenty years. P. G. T.

INSECT PESTS.
Hand-book of the Destructive htsects of Victoria. By

C. French, F.L.S., Government Entomologist. Part I.

Prepared by Order of the Victorian Department of

Agriculture. (Melbourne, 1891.)

THE appearance of this volume affords another proof,

if any were required, of the wholesome activity,

now noticeable in all progressive countries, directed
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towards the suppression of the insect pests of culti-

vated plants. One effect of this welcome energy has

been a process of differentiation, whereby the attacks

of insects upon crops, instead of being included in

t^e comprehensive but somewhat incomprehensible
term of "

blight," have been separated one from

another, more or less clearly defined, and, to a very
useful extent, associated respectively with the ravages of

certain specific insects. It is now possible for those to

whom the subject is new to obtain a much clearer idea of

the scope of agricultural entomology than was the case

even as recently as five or six years ago.
" The time has

arrived," observes the author,
"
when, if we are to fight

insect pests successfully, united action must be taken,
and knowledge gained by constant vigilance, and by use-

ful and carefully conducted experiments. Only thus can
a better knowledge be obtained of the relations of insects

to agriculture, viticulture, and horticulture."

About one-fifth of this volume of 150 pages is devoted

to an introduction to entomology, a classification of

insects, directions for collecting and preserving specimens
of economic interest, the preservation of insect-destroy-

ing birds, and certain horticultural quarantine rules. The
main part of the book is occupied with a discussion of four-

teen of the most troublesome insect pests of apples, pears,

apricots, and cherries in the colony of Victoria. These
are illustrated by means of coloured plates, the excellence

of which demands a word of approbation. The ever-

growing facilities for international transport are, no doubt,

partly responsible for the extent to which the insect pests
of this country are identical with those of the Antipodes.
In this connection it is worthy of note that at least five of

the pests which are illustrated have acquired as unenviable

a reputation in Britain as in Victoria. These are the

woolly Aphis (or American blight), the codlin moth, the

apple-bark scale, the red spider (an Arachnid), and the

pear and cherry slug, which is the slimy, repulsive-looking,

leaf-eating larva of one of the saw-flies. Of the fourteen

pests enumerated, the Lepidoptera claim four, Coleoptera

three, Homoptera two, Heteropteratwo, Arachnoidea two,
and Hymenoptera one.

The volume concludes with an instructive chapter upon
insecticides and the means for applying them. Amongst
the more noteworthy of the former are carbon bisulph-

ide, Gishurst compound, hellebore powder, kerosene

(petroleum), gas lime, London purple, Paris green,

sulphur, and tobacco. A caution is given as to the use

of certain so-called insecticides, such as amrnonia and
carbolic acid. Insecticides they undoubtedly are, but

inasmuch as they injure the plant as well as kill its pests,

they had better be left alone. Various kinds of apparatus
for applying insecticides are described, and illustrated by
means of twenty wood-cuts. The most efficient and one

of the newest of these, the air-power distributor called

the Strawsonizer— after its inventor, Mr. G. F. Strawson,
an Englishman,

—is adequately described and figured.

Several useful nozzles and pumps are likewise noticed.

Mr. French has produced a volume of much practical

value, and it may be hoped that he will maintain the same

high standard in the subsequent parts. One appeal, how-

ever, may be made to the author—and not only to him

but to all writers upon this subject,
—and that is to append

the name of the authority to the systematic name of each

NO. 1159, VOL. 45]

insect. Agricultural entomology is necessarily a subject
of international interest, and much confusion arises—
especially in connection with American writings

—
through

an omission which might easily be remedied. The diffi-

culties of synonymy are great enough, without gratuitously

adding to them.

OUR BOOK SHELF.

Farm Crops. By John Wrightson, M.R.A.C., F.C.S.

(London : Cassell and Company, Limited, 1891.)

The author introduces this volume of upwards of 200

pages as "an honest attempt to place the large sub-

ject of crop cultivation before the minds of children"
;

and this is, reasonably enough, his plea for its being
"
penned in the plainest possible language." The work

belongs to
"
Cassell's Agricultural Readers," and the

several chapters deal with rotations of crops, the fallow,
root crops, corn crops, grass crops, grasses, clovers and

pasture plants, and the making and management of

pastures.
Whether agriculture is a subject that can be at all

satisfactorily treated, in a book of the type which a
** reader" necessarily suggests, is a question that need not

be discussed here. But it is abundantly evident that the

problem has not been solved in the volume under notice.

It is sprinkled with footnotes and tables, the latter being
of as complicated a character as any which are usually
found in agricultural treatises. Then, again, there are

long quantitative lists of grass seeds recommended for

use in laying land down to pasture, and these, it is to be

feared, will be found both wearisome and unintelligible to

the small boy who has to wade through them in the course

of a "
reading lesson." Indeed, the book is curiously

unequal throughout, and it is. apparent that the author
would probably have done better had he not had to con-

tinually remind himself that he was writing a "reader"
for children.

It is particularly desirable that, in a strictly elementary

book, everything should be correct
;
but this is hardly the

case with some of the illustrations. In Fig. 2, for ex-

ample, the fruit of the cabbage is represented as dehiscing
from above downwards, though this is not the behaviour
of a siliqua in nature. On the other hand, the figures of

grasses are exceedingly good.
The text is not free from errors. On p. 67 is described!

what will happen
"

if turnips braid (jsic) too thickly."
The use of systematic names will rather hinder the

juvenile student than otherwise, unless special care is

taken to render them correctly, which is not always the

case. Occasionally, the fanciful element is in evidence^
as when it is stated (p. 207) :

"
Mowing is as old as

Time itself; for has not Time been represented as carry-

ing a scythe over his shoulder ?"

"In future editions," it is said in the preface, "this
little book may, no doubt, be further extended." It is

questionable, however, whether the author would not
more successfully meet the requirements of a "

reader,"
of the kind which appears to be contemplated, by elimin-

ating all such matters as do not fall easily into the course
of a reading lesson. At present, it would seem as if the

object had been to produce a
"
text-book" rather than a

"reader."

Arithmetic for Schools. By Charles Smith. "
Pitt

Press Mathematical Series." (Cambridge : University
Press, 1891.)

Mr. Charles Smith is such a well-known writer of
mathematical works that we expected to find the present
volume very commendable. In this we are not dis-

appointed. The explanations of the fundamental principles
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and processes are treated with a clearness, conciseness?

and completeness that make the book a delight to read)

and although, as he says,
"
my aim has not been to in-

troduce novelties," yet he has succeeded, in so far as we
are able to predict, in placing before students a book not

only of practical utility, but also of great educational value.

Stocks and shares, and such like transactions, have all

been treated more in accordance with the methods of

the present day than is usual in such treatises. There
has also been inserted a chapter on foreign exchanges
for the benefit of those preparing for examinations in

commercial arithmetic. The examples are of a varied

and useful nature, and are numerous and well chosen :

each new principle or process is accompanied with

one or two sets of them, while interpolated through-
out are many to be worked out by those who wish to

revise their back work as they proceed in the subject.
Miscellaneous exercises to the number of 500, together
with sets of examination papers, form also a useful

addendum. W.

Journeys in Persia and Kurdistan. By Mrs. Bishop
(Isabella L Bird). Two Vols. With Portrait, Map,
and Illustrations. (London: John Murray, 1891.)

This work consists of letters written in the course of the

second half of journeys in the East which extended over
a period of two years. The author had intended, in the

event of their being published, to correct them by refer-

ence to notes made with much care. Of these notes she
was robbed, and she refers to the loss as her "

apology to

the reader for errors which, without this misfortune,
would not have occurred." Perhaps, however, the book
is all the better for being presented essentially in the

form in which it was originally written. The record of

the writer's impressions has thus a directness, simplicity,
and freshness of which it might to some extent have
been deprived by elaborate revision. Mrs. Bishop does
not profess to have written a book on Persia and Eastern
Asia Minor. She has merely set down what she herself

saw during her travels in those countries. But she has
done this so well that ordinary readers are not likely to

resent the slightness of her references to the administra-
tion of government, the religious and legal systems, the

tenure of land, and the mode of taxation. The illustra-

tions are very good, and add considerably to the interest

of the narrative.

A First Book of Electricity and Magnetism. By W-
Perren Maycock, M.Inst.E.E. (London : Whittaker
and Co., 1891.)

The scope of this work is limited to the syllabus of the

elementary stage of the Science and Art Department.
It is intended as an easy introduction to many of the
text-books now in use, which, although termed ele-

mentary, are of rather too advanced a nature for some
students to commence with ; the author considering that

they might be led to
"
take a greater interest in their

work" by the help of such a book as he has put before us.

Throughout the three parts, which deal severally with

magnetism, electro-kinetics, and electro-statics, the ex-

planations are of a plain and simple nature, while the
illustrations bring out clearly the various points which

they are intended to exhibit. The information is based
on the latest ideas ; and interpolated in the text are many
questions, the answers to which the student should write

out before proceeding beyond them.
The book will be found really very useful for beginners,

and will be to them a good introduction to higher works.

A Cyclopcedia of Nature Teachings. With an Introduc-

tion, by Hugh Macmillan, LL.D., F.R.S.E. (London :

Elliot Stock, 1892.)

The compiler of this volume has brought together a large
number of extracts from various authors, setting forth
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what profess to be "
facts, observations, suggestions,

illustrations, examples, and illustrative hints taken from
all departments of inanimate nature." Here is the in-

formation offered to us about " the sun-controlled
stars

" :—
" When stars, first created, start forth upon their vast

circuits, not knowing their way, if they were conscious
and sentient, they might feel hopeless of maintaining
their revolutions and orbits, and might despair in the
face of coming ages. But, without hands or arms, the
sun holds them. Without cords or bands, the solar king
drives them unharnessed on their mighty rounds without
a single misstep, and will bring them in the end to their

bound, without a single wanderer."
This sorry stuff is a fair specimen of a good many of

the " Nature Teachings
"
presented in the "

Cyclopaedia."
A more suitable title for the compilation would have been
"
Scientific Gush." The compiler does not always even

give accurate titles to his extracts. A passage from one
of Mr. Ruskin's writings has the strange heading,

" The
Star Mercury."

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of liiATXS^^,

No notice is taken of anonymous communications. ]

On the Attitudes of the Zebra during Sleep, and their

Influence on the Protective Value of its Stripes.

Nowadays, when the colours of animals and their uses for

the purposes of recognition and protection are forcing them-
selves upon the attention of all naturalists, it is not wonderful

that an animal so conspicuously marked as the zebra should

have commanded a large share of notice.

Much as it has been considered, however, I do not think we
have yet learned all the lessons that it has to teach us.

That its bold and vivid stripes should be of immense service

for recognition may be accepted as beyond dispute.
The statement of Mr. Francis Gallon, that on a clear moon-

lit night these vivid stripes melt into invisibility, and to an eye
not absolutely focussed to the animal itself, but to objects in its

immediate vicinity, it is quite unseen, even when so near that its

breathing can be heard distinctly, proves most indubitably their

immense protective value. As he says, "If the black stripes
were more numerous, it would be seen as a black mass ; if

white, then as a white one
; but their protection is such as

exactly to match the pale tint which arid ground possesses in

the moonlight."
Primdfacie, this is hardly what one would have expected, but

when pointed out by a competent and trustworthy observer, even
a slight knowledge of the laws of light proves it to be true.

Let anyone notice at what a short distance a lady in a

galatcea dress with broad stripes becomes invisible in the moon-

light, and he will be at once convinced of the truth of Galton's

remark.
Prof. Henry Drummond further says :

—" When we look at the

coat of a zebra, with its thunder-and-lightning pattern of black

and white stripes, we should think such a conspicuous object

designed to court, rather than elude, attention. But the effect

in nature is just the opposite. The black and white somehow
take away the sense of a solid body altogether, and the two
colours seem to blend into the most inconspicuous grey, and at

close quarters the effect is as of bars of light seen through the

branches of shrubs. I have found myself in a forest gazing at

what I supposed to be a solitary zebra, its presence betrayed

by some motion due to my approach, and suddenly realized that

I was surrounded by an entire herd, which was all invisible until

they moved." By this I understand Prof. Drummond to refer

to his observations in the day-time, as Mr. Galton speaks only of

the moonlight.
One can readily see how the shadows of the branches in a

tropical forest falling upon the zebras would so intermingle with

the stripes of the animals as to add enormously to the difficulty
of recognition by human eyes, and also, in the dim light of the
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forest (broken up as it is into bars of light and shade), by the

eyes of their fierce and hungry foes as well.

A careful examination of the varied stripes of the zebra has

forced upon my mind the conviction that they have a still deeper
meaning and value than has hitherto been noticed and

explained.
It is easy to see how the vertical bars may assimilate to the

falling shadows in the noonday sun, and the diagonal stripes on
the neck and hind-quarters to those cast by the declining day.
But it is not so much in the day-time and during its waking hours

that the zebra stands in such pressing need of concealment as

at night, when it is compelled to rest. Then, when surrounded

by eager and wakeful foes, it does require all the concealment it

can get. Now, let us suppose the animal to be lying down,
say partly on its side and partly on its belly, as horses very

frequently do. What will be the effect of such an attitude upon
the different stripes on various parts of the body? In the first

place, the animal will thrust out its knees, and fold its fetlocks

backwards under its body in such a manner that the horizontal

bars on the fore-legs will become vertical.

At the same time it will push out in a backward direction, its

haunches, and the hind-feet will be brought forward under or

rfear its body, so that the diagonal stripes on the hind-quarters
will be drawn so as to become much more vertical, and to

correspond with the now vertical bars across the hind-legs, made
vertical by the folded position of the limbs. In such an atti-

tude—a perfectly natural and common one—all the stripes of

the body will be vertical, or nearly so, especially if the zebra

rests its head upon the ground, or its fore-legs, so as to bring the

diagonal stripes of its neck into unison with all the rest. Sup-
posing, then, that a coincidence in the general direction of the

stripes is produced by such an attitude of the body during rest,

is it too much to assume it to be an extension and refinement of

those protective devices of Nature, extending to the sleeping
zebra the full ajnount of all the possible protective value of its

stripes fust at the very time when it needs it most, so that in the

clear tropical moonlight, when the shadows are only a little less

distinct than in the day, it may be able to repose in something
like safety and peace ?

But, suppose the zebra rests, not always on its belly, as sug-

gested, but now and then on its side, with its limbs outstretched.

It is plain that the vertical, diagonal, and horizontal stripes
would then be all more horizontal than anything else, but

pointing in different directions, and would then so assimilate

themselves with the crossed and varying directions of the shadows
as to have the same practical effect in hiding the sleeping animal
from its foes.

Under such a supposition (by no means an impossible one),
it seems to me that those beautiful bars of brown and white

surround the dormant zebra with a protection and a defence

almost as secure as bars of iron or brass, leaving the foes with

nothing but their sense of smell to guide them to their prey.
We have only to assume the folding up of the limbs, like the

folding up of a two-foot rule, urttil the marks on both sides cor-

respond, and we see at once the unification in the general direc-

tion of all the stripes of the body, which I cannot help believing
has a very considerable protective value to the zebra.

However, if any enlightened and generous patron of science

would kindly present to our College (" Owens," Manchester) a

good stuffed specimen of a recumbent zebra in the attitude I

have suggested, he would help considerably to settle a nice point
in the matter of protective colouring, and give to the cause of

scientific education a very welcome and appreciable aid.

December 21, 1891.
'

H. W.

The Migration of the Lemming.
There are two questions which I should like to ask Mr. W.

Duppa-Crotch touching his recent letter on the above subject

(Nature, December 31, p. 199); and for this purpose I had
better begin by quoting a paragraph from my own discussion of

the same subject, written close upon ten years ago :
—

"
Looking to Mr. Collett's large experience on the subject,

as well as to the intrinsically probable nature of his views, I

think we may most safely lend countenance to the latter. The
most important point of difference between Mr. Crotch and Mr.
CoUett has reference to a question of fact. For while Mr.
Crotch states that the migrations are made westwards without

reference to the declivities of the country, Mr. Collett is

emphatic in saying that '
the wanderings take place in the direc-
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Hon of the valleys, and therefore can branch out from the plateaux
in any direction.' If this is so, there is an end of Mr. Crotch's

theory, and the only difficulty left to explain would be why,
when the lemmings reach the sea, they still continue on their

onward course to perish in their multitudes by drowning. The
answer to this, however, is not far to seek. For their ordinary
habits are such that when in their wanderings they come upon
a stream or lake, they swim across it

;
and therefore when they

come upon the coast line it is not surprising that they should
behave in a similar manner, and, mistaking the sea for a large

lake, swim persistently away from land with the view to reach-

ing the opposite shore, till ihey succumb to fatigue and the

waves. Therefore, pending further observations on the question
of fact above alluded to, I cannot feel that the migration of the

lemming furnishes any difficulty to the theory of evolution over

and above that which is furnished by the larger and more im-

portant case of migration in general, to the consideration of

which I shall now proceed" ("Mental Evolution in Animals,"

pp. 284-85).
Mr. Duppa-Crotch's theory thus alluded to—which consti-

tuted the most striking feature of his
" rather lengthy paper

before the Linnean Society," and which, he then wrote, "led
me to spend two years in the Canaries and adjacent islands"—
is, briefly, as follows :

—
"I allude to the island or continent of Atlantis. . . . It is

evident that land did exist in the North Atlantic Ocean at no

very distant date. ... Is it not then conceivable, and even

probable, that, when a great part of Europe was submerged,
and dry land connected Norway and Greenland, the lemmings
acquired the habit of migrating westwards, for the same reasons

which govern more familiar migrations? ... It appears to

me quite as likely that the impetus of migration towards this

continent should be retained, as that a dog should turn round
before lying down on a rug, merely because his ancestors found
it necessary thus to hollow out a couch in the long grass

"
(Linn.

Soc. Journ., vol. xiii. p. 30).

And, in a subsequent paper (ibid., p. 157 et set/.), he
combats the statement of Mr. Collett, "that these migrations
follow the natural declivities of the country." Now, however,
it appears that Mr. Collett turns out to be right as to the

fundamental fact of the migrations not being westerly more
than towards any other point of the compass ; for Mr. Duppa-
Crotch, in his letter to you, acknowledges that, in regard to this

point, which he previously maintained against Mr. Collett, he
" was betrayed into an error by trusting to common report and.

insufficient personal experience." Nevertheless, he still main-

tains that the lemmings in their migrations "do not follow the

water-shed."
The questions, therefore, which I have to put are : (i) What

are the grounds on which Mr. Duppa-Crotch continues to differ

from Mr. Collett touching this minor point ? ;
and (2) Does he

still maintain his theory with regard to "the island or continent

of Atlantis," since he has found himself in error upon the major
point? George J. Romanes.

Christ Church, Oxford, January 6.

Destruction of Immature Sea Fish.

It might be supposed that the "importance of the subject
"

would have induced Mr. Walker, at all events, to examine Dr.
Fulton's observations at first hand, before criticizing them
(Nature, December 24, 1891, p. 176), instead of confining
himself to reading a review.

It may be pointed out that Dr. Fulton's computation of the
number of young fish captured is intended to apply only to the

Solway, as indeed may be gathered from your review, and being,
not a matter of hearsay, as implied by Mr. Walker, but founded
on an average of fifteen hauls extending over nine months of the

year, is likely to be pretty near the mark.
In examining Mr. Walker's own computation, we find that

he reckons six days' fishing tu the week, instead of four, which
is Dr. Fulton's estimate, based on local inquiry ; and we may
say that, if Mr. Walker has succeeded in utilizing every working
day during any one year of his trawling career, he must have
been singularly fortunate in his weather, or must have confined
himself to very sheltered waters. I think it will be conceded
that a calculation derived from actually counting the catch is

more trustworthy than one derived from an observation (or was it

only an estimate?) of weight. If, however,
" 10 cwt. of young

flukes, . . . notonethesize of half-a-crown," is really only the
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sixtieth part of a day's destruction in the Formby Channel, it is

a wonder that there are any left.

A point emphasized in the review, but seemingly missed by
Mr, Walker, is that the young fish are always promptly returned
to the sea by the Solway shrimpers, and the fact that the

industry flourishes in spite of the delay so caused shows that the

destruction which ensues from the practices described by Mr.
Walker is quite unnecessary. Dr. Fulton has experimentally
proved that the proportion of young flat-fish of a certain size

(say above an inch) that would not survive if returned to the

sea is small, so that it is evident that Mr. Ascroft's
" axiom

that 90 per cent, of fish that come on board a boat is destroyed
"

holds good from no fault of the trawl itself, but simply from a

discreditable carelessness on the part of the man.
Mr. Walker's experiences at the mouth of the Dee show that

the shrimps and the young soles (species ?) have different habitats

in that river, so that his suggestions as to the limitation of

shrimp-trawling seem rather superfluous, since it may be

supposed that the trawler would fish where he knew he could

get shrimps, and not go out of his way to catch what he did not

want. I have noticed myself on the west coast of Ireland
that the minute post-larval flat-fish, smaller than those dealt

with by Fulton, and which are undoubtedly killed by the
meshes of the shrimp-trawl, were never taken on ground
frequented by shrimps, where, indeed, as one may judge from
the relations of the two forms in captivity, the weaker would
have a poor chance of surviving.

Everyone will agree with Mr. Walker that it is most necessary
to ascertain the habitat of the young fish at different times of
the year, and to this end the energies of the Marine Biological
Association in England, the Fishery Board in Scotland, and
the Royal Dublin Society in Ireland, have been for some time
directed ; and the assistance that might be rendered by a series

of observations by one possessing the experience and oppor-
tunities of Mr. Walker would be incalculable. Until, how-
ever, our knowledge on the subject is much more complete, I

question the advantage of strewing boulders about the bottom
of the sea. Even if they remained to accomplish their purpose
of interfering with trawling, there is the danger that they would
form an attractive shelter, not to the young flat-fish that stand
in no need of it, but to some of their natural enemies.

Dublin, December 27, 1891. Ernest W. L. Holt.

A New Precessional Globe,

To facilitate the understanding of the effects of precession, I

have made a new arrangement of the celestial globe. A globe
mounted in the new way can give a representation of the starry
heavens for every place on the earth, and for any date, both past
and future.

The globe is fastened in a ring, so that it can be turned round
an axis that goes through the poles of the ecliptic, but can also

be fixed in any position by a pair of screws. The amount of

turning is to be measured by a divided circle.

The ring above mentioned—which we will call ring I.—is

movable in another ring (ring II.), round an axis, which forms
a right angle with the axis formerly mentioned. The inclina-

tion between ring I, and ring II. can be measured by an index ;

it must equal the obliquity of the ecliptic.

Ring II. is fastened finally in a third and extreme ring (ring

III.), so that it can be turned round an axis which forms an angle
of 90° with the axis of ring II. Ring III. is mounted on a stand
with a horizon-circle, so that its axis can be inclined at pleasure
to the plane of the horizon-circle. The inclination may be read
on a scale engraved on ring III.

To adjust the apparatus to show the firmament at any
appointed place and time, one must place ring III. so that its

inclination towards the horizon-circle equals the latitude of the

place. Then ring II, must be turned so that its plane coincides

with the plane of ring III. The angle between I. and II. must
be equal to the obliquity of the ecliptic at the appointed time.

Finally, the globe must be turned round the axis which goes
through the poles of the ecliptic, till the point of the heaven,
which is the celestial pole for the time appointed, comes imder
the ax.s round which ring II. turns in ring III. If the globe is

then fastened in ring I., and ring I. in ring II., with screws, by
turning the globe in ring III. one can see at a glance which stars

are setting and rising, and which are always above the horizon.

By making Vega, for example, the celestial pole (I4,(X)0 A,D.),
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one can see immediately that for the latitude of London at that

remote period, the Cross would be seen at the southern horizon,^
and that Sirius then did not rise at all. K. Haas,

Vienna.

Simple Proof of Euclid II. 9 and 10.

In Nature of December 24 (p. 189) a simple proof of
Euclid II. 9 and 10 is given, which it is stated is believed to be
new. It may therefore be of interest to your readers to know
that these proofs are given in an edition of Euclid which we
have now in the press. As the author, Mr. Brent, is resident

at Dunedin, New Zealand, we are unable to state whether he

lays claim or not to any originality in respect to them : in any
case, as he has been engaged in mathematical teaching for many
years, these and similar proofs of other propositions in Euclid
II. have clearly been more widely employed than has been

supposed, Percival and Co,

34 King Street, Covent Garden, London, January 4,

THE ALLEGED DISCOVERY OF A BACILLUS
IN INFLUENZA.

"pROM the behaviour of influenza as an epidemic, it

-*• seems not unreasonable to suppose that it may
have as its cause a living and multiplying organism ;

and when influenza reappeared, after an interval of many
years, in the latter part of 1889, and more especially
since its communicability from person to person, for-

merly disputed, has come to be generally admitted, the

public mind, medical and lay, has been in expectation
of the announcement that a specific microbe had been
discovered as the cause of the disease.

Even in diseases, however, of which the characters

point most strongly to a parasitic microbe as their cause,
the discovery of such an organism is by no means an

easy matter. Thus, no micro-organism has as yet been
identified as the cause of small-pox, although this disease
is always more or less with us

; breeds true ; has distinct

characters, and a definite localization on the skin
;
and

propagates by a contagion which retains its activity for

very long periods
—circumstances which point to a specific

organism as its cause, and might be thought to facilitate

its discovery.
From a priori considerations we must suppose the

properties of the hypothetical influenza microbe to be
as follows. The diffusibility of the poison through the

air shows that it must be very minute and readily sus-

pended. For the same reason it must belong to the
class of aerobic organisms, i e. those for whose existence

oxygen is necessary, or at any rate not hurtful. It must

multiply with extreme rapidity. It must be capable of

multiplying in the bodies, or secretions, of human beings ;

and probably also in some medium or media outside the

human body—perhaps on damp ground-surfaces, or in

confined air laden with dust and organic matter. One
can hardly suppose it capable of multiplying in pure air,

as it would lack pabulum ; perhaps, as Dr. Symes
Thompson suggests, particles of organic dust floating
in the air may serve as rafts for it to live on. As, how-

ever, influenza prevails under the most opposite conditions
of season, climate, and weather, our supposed microbe, if

it can live in the air, must be able to flourish under a

great range of temperatures and degrees of humidity. I

am not aware of any instances of long retention of con-

tagion, such as would lead us to postulate the possession
by our microbe of resting spores. From these con-
siderations we might have expected that it would be more

likely to turn out to be a micrococcus than a bacillus.

From what is known of the pathology of some other
diseases of microbic origin, as tetanus and diphtheria,^
it seems possible that the immediate cause of the

symptoms of influenza may be the presence in the blood
and tissues, not of the microbe itself, but of the poison
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manufactured by it. The microbe itself may disappear
early in the case

; but the poison formed by it pervades
the whole body, and especially the nervous system, and
produces profound and lasting effects. An early disap-
pearance of the microbe in influenza would explain the
failure to find it on post-mortem examination ; death from
influenza being usually the result of complications rather
than of the primary disease. Influenza is infectious at
an early stage of the disease

; but it is not known how
long the infectious condition may last : some cases point
to its being infectious as late as the eighth day, and we
must suppose that, as long as the disease is communicable,
the microbe retains its vitality.

Evidently there is a power of resistance in the human
body to the invasion of the microbe, varying in different

persons, for not all who are exposed to the infection con-
tract the disease

; the resistance to it being weakened by
depressing influences—as fatigue, and exposure to changes
of temperature.
The resistance to the poison seems also to be over-

come when the dose is large : a certain degree of con-
centration seems to be necessary in order for the disease
to take on an epidemic form.
The pabulum for the microbe, or the number of sus-

ceptible persons, seems also to be soon exhausted ; for the
decline of an epidemic as regards the number of new
cases is often almost as rapid as its increase. At the
same time the immunity conferred by an attack of in-

fluenza is of short duration, for a person may suffier

repeatedly from the disease
;
and the same holds as

regards communities, for many localities have suffered

repeated epidemics of influenza during the last few years ;

whereas an epidemic of one of the ordinary infectious
diseases is usually succeeded by a long period of com-
parative freedom. These are some of the points which
have to be taken account of in any theory of the causation
of influenza.

During the past week the announcement has been made
in the public press of the discovery by Dr. Pfeiffer, in
the Royal Institute for Infectious Diseases at Berlin, of a
bacillus which he looks upon as the cause of influenza.

It will be remembered that a similar announcement,
made, in January 1890, by Dr. Jolles, of Vienna, was not
confirmed. Since then various observers have discovered
in the sputa and lungs of influenza patients, micro-

organisms of one kind or another; but their statements
are conflicting, and the forms met with are some of them
at least known to occur in other diseases

;
so that the in-

ference is that they were either accidentally present, or
connected with secondary affections for which the attack
of influenza had prepared the way. Whether Dr. Pfeiffer's

discovery will be more successful in gaining acceptance
remains to be seen ; but the position of its author, and the

alleged confirmation of his results by Dr. Koch, will no
doubt secure for it a respectful consideration.
As Dr. Koch has pointed out, in order that the relation

of a particular micro-organism to a particular disease, as
cause and effect, may be considered satisfactorily proved,
the following conditions must be complied with :

—
(i) The micro-organism in question must be present

in the secretions, blood, or diseased tissues of the subject
of the disease.

(2) The micro-organisms in question must be isolated

and cultiv.ited— all other organisms being excluded—in

suitable media outside the animal body, through several

generations of cultures.

(3) The micro-organisms, thus cultivated, when intro-

duced into the body of a healthy animal of a susceptible
kind must be capable of producing in it the disease in

question.
(4) In the animal in which the disease has thus been

produced the same micro-organism must again be found.
It is stated that, for the investigation of the etiology of

influenza, a cliniqtce for influenza patients was opened in

NO. I 159, VOL. 45]

September last in the Royal Institute for Infectious

Diseases, and that the result of the exhaustive examina-
tion of the cases was the discovery in the matter dis-

charged from the patients' lungs of a bacillus found in

no other cases of disease of the respiratory organs, and

which, as the patient recovered, gradually disappeared.
It is stated that the bacilli were cultivated to the fifth

generation, and that, inoculated into monkeys and rabbits,

they produced in every case the symptoms of influenza.

It is added that these results were confirmed by Dr.

Koch, who further discovered the same bacillus in the

blood of patients in the febrile stage of influenza.

An account of the discovery is promised in the

Deutsche mcdicinische IVochensc/ifift, and will be awaited
with interest. H. F. P.

ON THE MA TTER THROWN UP DURING THE
SUBMARINE ERUPTION NORTH-WEST OF
PANTELLERIA, OCTOBER 1891.

WE did not reach Pantelleria till November 5, ten

days after the end of the eruption, but a certain

number of specimens had been secured at the time by
people who went out in boats. Dr. Errera, who helped
us in other ways, kindly gave me some pieces of a bomb
from his own collection ; and others, among them a good-
sized bomb, some 30 inches in its longest diameter, were
obtained from the inhabitants. Out of a number of

small pieces from different people, I did not see any
that might not have formed some part of a mass such as

this last, and I have no evidence that any other kind of

material was erupted.

General, Structural, and Mineralogical Characters.

Ricco {Comptes rcndtis, November 25, 1891) says that

some of the bombs had a diameter of 2 metres, and that

the prevailing shape was an "
ellipsoid of revolution."

They were not only porous in texture, but contained large

cavities, and floated for a time, but pieces taken separ-

ately are fairly heavy. Ricco mentions a specific gravity
of y\ (perhaps for a bomb when unbroken). A 4-ounce

piece of the coarser material from the inside displaced
less than half its weight of water, giving me specific

gravity 2'3.

What most struck the possessors of specimens was
their coaly blackness. Nevertheless, there was on the

outside of the bombs a distinctly brownish layer, an
inch perhaps in thickness, which the eye, or better,
the pocket lens, shows to be due to vesiculation of the

transparent brown glass that here forms the ground mass.
In certain places vesiculation has been carried so far that

we have a coarse ^

type of the " thread lace scoria," de-

scribed among others by Dana, from Hawaii {Amer
/our//. Set., March 1888, p. 213, or his book,

" Character-

istics of Volcanoes," p. 163, 1890).
In the brown glass of this part sections show numerous

narrow crystals of triclinic felspar, and in places olivine

and magnetite, and probably a little augite.
Beneath this brownish layer may occur another, say

half an inch thick, coarser and darker than the former ;

but which in sections can still be seen to be for the most

part brown transparent glass, with the above-mentioned
minerals in it.

We are thus led to a layer perhaps an inch or two

thick,- coarsely spongy, black, of pitchstone lustre, which
'

I find a prettier example of this structure on one side of a piece of scoria

picked up last month near the base of the active cone of Vesuvius. It was
partly covered by the brown dust ejected since the tapping of the lava on
the side of the Atrio del Cavallo last summer. I do not know, therefore,
when it was erupted. 1 find on this, as on scoria that I saw erupted in

October 1889, a tendency to form Pele's hair (on a very small scale).
'"

Unfortunately, the only whole bomb that I saw went to pieces on the

way to England. The point worth noticing is the difference in structure of
different parts ; and I give these rough measurements, taken from pieces
in my posses-ion, merely to show the kind of dimensions with which we are

dealing.
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bounds the internal cavities of the bomb. Sections show
that this inner material is largely crystalline. Perhaps
one-third of its substance is composed of well-marked

crystals of triclinic felspar, olivine, and augite, the rest

being a black ground material, opaque in sections of

ordinary thickness, except where relieved by micro-

crystals of felspar.

Foerstner's Description of Specimensfrom Graham^s Isle

{Ferdinandea).

With the above it is interesting to compare Foerstner's

account of the specimens from Graham's Isle which he
examined {Mi?i. and Petr. Mitth., v., new series, 1883,

pp. 388-96). I suppose specimens are scarce. He ob-
tained three. That from Strasbourg consisted of light-

gray lapilli, apparently altered by acid vapours. It

differed much macroscopically from the other two.
These lapilli contained magnetite and plagioclase.
The other two were as follows (I give an abstract of

Foerstner's description) :
—

(i) Specimen in Museum at Naples was pumiceous
and almost foamy, and had a brown ground mass with

glassy lustre, in which crystals of plagioclase, olivine,
and magnetite.

(2) Specimen from Palermo (collected by G. Gemmel-
laro) was black and vesicular, but in sections was very
similar to (i). It appeared to be largely crystalline.

Plagioclase most conspicuous, but also augite, olivine,
and magnetite.

I have not seen the specimens, but the descriptions
accord well with those given above for the outer and
inner material of the recent bombs. As will be seen

below, they also agree well enough chemically.

Description of certain Basic Scorice from the Island of
Pantelleria.

I did not obtain specimens of the plagioclase-basalts
from the Cuddie Monti and S. Marco, analyzed by
Foerstner (see below), but I have basic scorias from
different localities in the north-west part of the island.

Specimens from Cuddie Brucciate, while differing in

structure, agree mineralogically with the recent ejecta,

having crystals of triclinic felspar, olivine, and augite,
set in a glassy or opaque black ground, as the case

may be.

Further, some very black and rough specimens, from a
small patch of basic scoriae north-east of the Bagno del

Aqua, not only agree mineralogically, but are in texture
not unlike the intermediate portion of the bomb described
above.

A Comparison, as to Chemical Constitution, of the Pro-
ducts of the Recent Eruption with those of Graham's

Island, and certain Lavas of Pantelleria, Etna, and
Vesuvius.

In the following table the iron oxides are taken to-

gether. In the case of the Etna lava of 1865, the

analyses by Fuchs and Silvestri disagree as to the pro-
portions of FeO and FejOg.
The results in the first four columns are from a table in

Foerstner's paper {loc. cit.). For the fifth column I have
to thank Mr. Geo. H. Perry, who has made an analysis
of part of the large mass above mentioned, and also Prof.

Thorpe, F.R.S., who kindly permitted the work to be
done in the laboratory of the Royal College of Science.
Mr. Perry's analysis will be found in full below.
This table speaks for itself. There is in the recent

bomb a little less silica and a little more alumina than in

the specimens from Graham's Isle, Etna, and Pantel-

leria, while the percentages agree with those iu the

specimen from Vesuvius.
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THE SPECTRUM OF IRON AND THE
PERIODIC LA IV.

T N the course of a prolonged series of spectroscopic ob-
-*• servations on iron containing ^carbon, 08 sulphur,
070 phosphorus, and about j^^ per cent, of manganese,
and based on the previous investigations of Mr. Lockyer
on the iron spectrum at varying temperatures, I noted
some results summarized as follows :

—
(i) Iron heated tn vacuo evolves a vapour showing the

H spectrum ;
in addition, other lines are sometimes

visible.

(2) I have found that iron kept in a vacuum slowly
evolves H at a temperature not exceeding 7o'^-8o° ; this

continued for six months. Further, on applying heat, I

have observed a condensed sublimate at the sealed cold
end of the tube.

Heated iron known to contain small quantities of some
of the more fusible metals evolves these bodies, and vice
versa absorbs them. Exhausted heated iron also absorbs
H in the same way, and most rapidly at an intense heat

approximating to fusion.

(3) On iron being heated in the blow-pipe flame through
which the spark was passing, lines were detected in the
flame apart from the iron.

(4) On heating iron electrodes,
"
varying the tension of

the spark,* also the flame temperature," according to

methods elsewhere given, I found it possible to obtain
iron spectra, varying roughly in accordance with the heat
of the flame and spark tension. Three nearly distinct

spectra have been observed :
—

(i) Lowest heat, a nearly
pure manganese spectrum. (2) Higher heat, manganese
lines

; other long lines appear, also the beginnings of a
short-line spectrum. (3) Highest heat, a complete iron

spectrum.
As regards the first spectrum, manganese has been

identified by the ordinary method of chemical analysis.
The second group of long lines the chemist would say
were due to the presence of some body not identical with
either iron or manganese, but this problematic body has
not been identified or isolated

; the proof is wanting,
although it is a product, or function, of temperature, just
as is the first or manganese spectrum. This spectrum
may be due to dissociation of iron, and not to the vapor-
ization of a foreign constituent. It is probable that iron
can be roughly split up into two bodies, one of which is

more volatile than the other, and that the relative quan-
tity of each present may not always be the same. At
any rate, it appears that by the simple heating of crude
iron its composition may be sensibly modified, and that,
even at a temperature as low as 70^-80°, slow dissociation
is going on, manifested by the evolution of hydrogen ;

and
this continues, the rate of dissociation apparently broadly
corresponding to the heat applied. It follows that in

actual practice the chemical composition of iron may thus
be altered, such changes being probably so minute as to

escape recognition.
These researches were made with the sole object of

utilizing the spectroscope as an aid to the ordinary
chemical analysis of iron, my previous experience having
taught me that an extension of the usual methods was
imperatively required. It was thought that by the

spectroscopic method some body or bodies as yet un-

recognized might be found
;
in other words, I searched

for so-called impurities with but scant success.

Finally, I was forced to admit that I had exhausted the

purely analytical part of the inquiry, and must seek for

the solution of the many discrepancies observed in the
behaviour of iron and steel, and not comparable with its

chemical composition as determined by ordinary analysis.

Nothing was left for further study, with the exception of

the metal itself. It may be remarked, however, that

'
Suggested by Mr. Lockyer.
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absolutely pure metal could not be obtained
; manganese,

for instance, seems always present, even after repeated
purifications.

This led to a study of the periodic law as enunciated by-
Mr. Crookes in his address on the genesis of the elements.
He advances the rational hypothesis that atoms are
formed from the original protyle or fire mist

; next, by a
series of atomic condensations, due to successive coolings,
the elements are formed. Mr. Lockyer, by somewhat dif-

ferent methods of research, appears to have come to the
same conclusion—viz. that temperature governs all

; and
tells us,

" as the result of a long series of spectroscopic
observations," that an element is a very complex thing,
broken up—at higher temperatures

—into simpler things.
Mr. Crookes, by a careful study of the periodic law, sup-

plemented by spectroscopic work, shows how elements

may be built up. Mr. Lockyer, pursuing the opposite
method, viz. by a study of the breaking up of the so-called

elements, and registering the results by means of the

spectroscope, appears to have experimentally proved the

same thing.
It is quite obvious that an absolutely pure element can

only exist at a given temperature ; any deviation from this—the critical temperature
—must favour partial dissocia-

tion, and in this way it undergoes changes which may
veil its true atomic weight. As Mr. Crookes puts it,

" of
a given mass of atoms, only a few may have the true

atomic weight, the others slightly varying from it." Grant-

ing a variation of atomic weight in the element for the
same reason, there may be a shifting of its spectral lines.

I submit also that the discrepancies in the position of
certain spectral lines may be due to divergence from the
critical temperature, and not observational errors.*

There appears, therefore, to be no necessity for the
use of such phrases as chemical affinity, cohesive force,
&c. : heat energy and the universal law of gravitation
seem the only factors controlling the genesis of the

elements—can we also say the genesis of known
chemical compounds ?

We cannot well say how far the physical properties of
such a metal as iron are modified by temperature
variations ; yet we have seen that something like dis-

sociation is going on at 7o'-8o'^, and that at a moderate
heat this is accentuated ;

whilst at high temperatures the

spectrum of iron affords ample proof that such is the case.

Experiments have been made showing that even at the
bare fusion-point of iron matter is volatilized

;
and at the

abnormally high temperature of the Bessemer blow—
"
melting up lumps of cold steel plunged in, and weighing

2 or more cwt
,

like wax "— it is admitted that iron as
such is vaporized. It seems therefore, on the whole, that
even a stable body like iron, when heated, gives results

according with the periodic law
; and as regards other

bodies, from ice upwards, we do not need to be informed
that evaporation (dissociation) is constantly going on.

It may not, however, be so well known that
" on heat-

ing some of the more fusible metals in a vacuum," it is

possible to obtain almost invisible vapours, some of which
iron occludes or absorbs just as it does the gases hydrogen
and possibly carbon monoxide.

Referring to the No. 2 spectrum indicating the probable
existence of an intermediate body betwixt iron and man-
ganese, not yet isolated, but which, nevertheless, is a

product or function of the temperature, just as manganese
is

; the supposition that this body is a constituent of iron

acquires force from the fact that recently it has been
shown that iron may be capable of assuming two forms—
the one termed a, or soft iron

; the other ^, or hard iron.

'

Or, possibly, at a given temperature a vapour may be evolved from one
body so nearly approximating in composition to that of another, the latter
not necessarily at the same temperature, as to be almost undistinguishable
from the other by the ordinary method of micrometric measurement. The
same difficulty in another forin occurs in ordinary chemical work; bodies
are so closely allied in some instances as to render their separation and
identification very difficult.
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Consequently, the physical properties of the metal are
modified in accordance with the relative proportions of
each present.

It is thought that pure iron may contain both o and /3

iron
; but it is certain that when alloyed with other bodies—more especially carbon—these allotropic changes of

iron become very marked. In this connection the author
noted long ago that the carbon-iron alloys were more
liable to change, and more sensitive to variations of tem-

perature, than iron alloyed with other bodies
; and, as

the results of experience given, he goes so far as to advo-
cate the substitution of other than carbon-iron alloy, in

the following words :
—

" For the production of steel in large masses suitable
for ship and boiler plates, rails, &c., the traditional rules
of the old school of steel-casters cannot well be applied," What is desired is a strong ductile material, capable
of resisting sudden shock or impact, and sudden or ex-

treme changes in temperature—a material as insensible
as may be to all influence except that due to fair wear.
This material—i.e. low carbon, Bessemer, or Siemens
steel—has almost superseded wrought-iron, and yet is not

always to be relied upon. Under certain ill-understood
conditions this metal sometimes behaves in a manner
which has not been satisfactorily explained." Must we infer that carbon may be the culprit, and
that the carbon-iron alloy is more sensitive to external

influences, and more liable to molecular changes, than
other iron alloys free from carbon .''

^

"
It is quite possible that further study and experiment

may result in the production of an iron alloy, capable
alike of being forged or cast in amorphous masses free
from any tendency to hardness or temper."
Osmond's researches have deservedly attracted great

attention, and, in conjunction with the work of Prof. Ball
and Prof. Roberts-Austen, have on the whole been ap-
proved and accepted by men of science.

^yith the aid of the Le Chatelier's pyrometer, the
critical points of temperature, i.e. the points at which
molecular changes take place, have been determined.
The whole series of these masterly researches cannot
here be given in detail

; but after careful consideration
the writer thinks they go far to prove that the undoubted
molecular changes which take place when iron is heated

simply represent marked periods of dissociation. That,
broadly speaking, the results are in accord with the

periodic law
; with the spectroscopic work of Mr.

Lockyer, and the researches of Mr. Crookes, together
with the author's research on the behaviour of iron at

varying temperatures ; to say nothing of the m ork of other
chemists all pointing in the same direction. As before

said, the physical properties of iron are a function of

temperature ; indeed, one is fain to say that the absolute

elementary body can only exist as such at a given tem-
perature ;

at any other, it cannot, strictly speaking, be
j

that body. j

Appreciable dissociation can, however, only be noted
at comparatively wide intervals of temperature ; minor
changes must, of course, be beyond recognition to our
senses. It is possible that the first beginning, so to

speak, of dissociation may be detected with the spectro-

scope ; but unless carefully worked, the first spectroscopic
indications of dissociation are not altogether trustworthy.
The temperature of the spark and also the arc is sub-

ject to irregularities not easily controlled ; and unless
worked by the experienced spectroscopist, the results are

apt to be unsatisfactory.
It is remarkable that many eminent chemists reject the

spectroscope as a means of research, and prefer other
methods. Others, again, consider that these methods of

'

Practically, we know that it is so ; only pure carbon-iron alloys can be
tempered and hardened with facility, the presence ot other bodies tending
to rieutralize this effect ; or, more plainly, the steel-smith terms it bad steel,
which cannot be tempered or hardened properly.
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procedure fail to differentiate minute differences, which
yet substantially exist. The method of spectrum ana-

lysis, however, seems capable of registering reactions

beyond the scope of ordinary analysis. In fact, the

instrument may be said to afford the same aid to the

analyst in enabling him to note infinitesimal chemical

changes or reactions, as the microscope affords for the

discrimination and classification of microscopic objects.
On the whole, the results of a long series of patient

investigations show that pure iron is probably a very com-
plex body (as regards the commercial metal the micro-

scopic researches of Sorby go to prove that it clearly is

not, as usually assumed, a homogeneous body, but rather
a heterogeneous one), extremely sensitive to external influ-

ences modified by the presence of minute proportions of

other bodies
;
these latter, according to Prof. Roberts-

Austen, governing its physical properties in accordance
with their atomic volume as compared with that of iron,
and in accord with the periodic law. It is evident that
it is not enough to give merely the simple percentage of

carbon, sulphur, &c., in iron ; the relative mass (as com-

pared with iron) of the foreign ingredient must also be

noted, and thus only can the absolute percentage com-
position be determined. Practical results appear to

confirm those attained in theory.

The writer, when all these researches were not even

thought of, in some notes on the working of steel,

gathered from his own practice and confirmed by that of

others, considered that the heat at which the steel was

manipulated played a very important part, for the

following reasons :
—

Many discrepancies have been noted in the behaviour
of steel— the results of the tests applied not at all corre-

sponding to what might have been expected from its

chemical composition. For instance, steel containing
traces of sihcon, "17 per cent, carbon, '06 of sulphur,
•07 phosphorus, '40 per cent, manganese, stood a tensile

strain of 27 to 30 tons per square inch
; other samples

of the same composition showed an increase of 31 to 35
per square inch, and under these latter conditions the
carbon had to be reduced "12 per cent, to stand the
normal test of 27 to 30 tensile strength.
The cause of this sudden change was not satisfactorily

explamed. I think a plausible explanation of these dif-

ferences, which are of constant occurrence, may be traced
to differences in temperature, and, strictly speaking, a
steel of given chemical composition must be worked at

a corresponding temperature to insure good results.

Some clue to the temperature required may, however,
be obtained. The fusion point of steel varies with the
amount of other matter alloyed with the pure iion.

All concerned in the manipulation of steel are well
aware that hot or cold rolling makes a great difference
in quality, and that the critical welding-point of the metal
is confined to a narrow limit of heat ;

it is often a matter
of great practical difficulty to decide upon the most suit-

able temperature necessary for good work. It is well
known that steel may be seriously damaged either by
under or over heating. In the first instance the steel

may be too hard to bear rolhng, or even if passed through
it may not be sufficiently plastic to yield readily to

pressure. We may in this case assume that minute
cracks or flaws occur which cause a corresponding de-
terioration in strength. On the other hand, it is well
known that if steel be over-heated it falls to pieces on
further manipulation. The reason is apparent

— it is ap-
proaching to a semi-fluid condition, and therefore cannot
be rolled out. It may be, therefore, that for the success-
ful working of steel it is not enough to rely simply on
chemical analysis.
The foregoing seems to indicate that steel must be

worked at a certain fixed, but as yet unknown, tempera-
ture below its fusion-point ; at which heat the flow of
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heated metal undergoing compression and elongation is

such as to insure good practical results.

It also follows that if the heat between these points
can be ascertained, it may 07ily be necessary to ascertain

the fusion-point of any given steel, from which the work-

ing temperature can be determined, for the welding heat

will obviously be a constant of temperature below the

fusion-point of the steel sample, and it is probable that

the discrepancies so- often observable are simply due to

deviations from the critical temperature required for

welding and rolling purposes.
The welding or rolling heat should correspond to the

fusion-point of steel, which is governed mainly by the

amount of carbon it may contain, and possibly other

elements may play a part in afifecting the final result.

Finally, as the results of purely practical experience,
the writer has been led to think that the term impurity,
as applied to the mixed foreign elements present in iron,
"is simply a conventional one, applicable only under
certain rigid conditions of temperature combined with

manipulation
"

;
and these must be present in fixed

quantities, bearing uniformly the same ratio to each
other. It follows that under other conditions of tempera-
ture and manipulation a product possessing the same

physical properties might be produced from a material

sensibly differing in composition from that quoted above.

It is well known that those solely engaged in the manu-
facture of iron and steel have, "independent of the

teachings of science," long ago come to the conclusion

that iron undergoes unaccountable changes. It is asserted

that ordinary chemical analyses afford no explanation of

the observed phenomena ;
further research is insisted

upon. To use their own words, they ask " What is iron ?

In our practice something often happens to iron of which

your analyses afford no explanation." It is to be hoped
that recent research has partly solved the problem ;

and

that, by a further study of the metal itself, some clue may
be found indicating more clearly than at present that iron

is either a true chemical compound, or, if not, subject to

allotropic modifications.

Practically, it does not seem to matter which, as, to

quote the words of Dr. Gore,
"
every substance becomes

a more or less different substance at every different

temperature" {Phil. Mag., May 1890).

John Parry.

THE GROWTH OF THE PILCHARD OR
SARDINE.

T T was long since proved that the pilchard of the south-
*• west coasts of England and the south coast of Ireland

is the same species of fish as the sardine of the Atlantic

coasts of France and Portugal, and of the Mediterranean.
But there are apparent differences in the sizes and habits
of these fish in different regions, of which the explanation
has only recently been sought. The life-history of the

species has been studied during the past few years with

great care by several naturalists at various points of the

coasts along which its habitat extends
;
and as a result of

these researches, the extent to which its local peculiarities
are real or only apparent is gradually being ascertained.

Thus Marion at Marseilles has established the facts that

the Mediterranean sardine in that neighbourhood spawns
chiefly in February and March, but that the spawning
period extends from December to May, that the adult

fish does not exceed 18 cm. in length, and that the

smallest sexually mature individuals are 15 cm. long.
The maj mty of the pilchards caught by drift-nets on the

south coasts of Devon and Cornwall are from 20 to 25 cm.
in length, while those which I have seen in the ripe con-

dition were 23 to 25 cm. Thus it is clear that the Medi-
terranean sardine, at any rate in the Gulf of Lions, is in

its adult state a much smaller fish than the Cornish

pilchard, although no structural differences have yet been
described which would separate the two as local races or

varieties.

The well-known French sardine, such as we see it

preserved in oil in tins, is also a small fish. The sardine

fishery and the sardine-preserving industry in France are

carried on along the south coast of Brittany from La
Rochelle to Brest. The great majority of the sardines

caught there are fish from 13 to )6 cm. in length. Con-

sidering the short distance between Cornwall and Brittany,
it might be suspected that these fish are not full grown ;

and Prof. Pouchet, Director of the Zoological Laboratory
at Concarneau, tells us in his Reports that these sardines

are young fish which have not yet reached sexual matu-

rity. In fact, full-grown sardines of the same size as

typical Cornish pilchards are also caught on the Breton

coast, and are locally distinguished as " sardines de

derive" the small fish used for tinning being called '•'sar-

dines de rogue." The adult sardines are captured princi-

pally in winter, the sardines de rogue in summer. The

question therefore arises whether small pilchards of the

same size as the sardines de rogue of the French coast

occur on the coasts of Cornwall, and if not, why not.

During the four years I have been at the Plymouth
Laboratory I have never heard of any such fish being

caught by the fishermen. Not long ago I asked Mr.

Dunn, who has been engaged in the Cornish pilchard
trade the greater part of his life, if he had ever seen any
pilchards of the same size as French sardines, and he said

he never had. He is connected with the factory at

Mevagissey, where adult pilchards are prepared in oil in

tins in the same way as French sardines, and he told me
that some years ago the owners of the factory took steps
to ascertain whether pilchards of small size could be

captured near Mevagissey. A seine of the kind used by
the French fishermen was procured from France, and
several trials were made with it ; but instead of half-grown

pilchards of the required size, it captured only very young
specimens 2 or 3 inches long. The recent capture, there-

fore, in nets belonging to the Marine Biological Associa-

tion, of young pilchards similar in size to the French
sardines de rogue is a matter of some interest and im-

portance. The discovery also adds considerably to our

knowledge of the growth and history of the pilchard.
Some months ago the Director of the Plymouth

Laboratory was instructed to procure a fleet of small-

meshed drift-nets for the purpose of catching anchovies,
in order to ascertain at what seasons and positions and in

what abundance these fish appeared off Plymouth. These
nets are five in number, each being 60 fathoms in length ;

the mesh is about 4 inch square, or 70 meshes to the yard.

They were shot a few miles outside Plymouth Breakwater ,

on November 3, 4, 5, and 6, and on each occasion the

chief part of the catch consisted of pilchards measuring
13 to i6*5 cm. in length. The rest of the catch consisted

of a few full-grown pilchards, a few young mackerel, a few

sprats, and sometimes a few anchovies. On each occasion

there was a considerable difference in size between the

smallest of the large pilchards and the largest of the

small. The spawning period of the pilchard off Plymouth
extends from the beginning of June to the beginning of

November—five months—and may possibly be prolonged
a little beyond these limits. Now all the available evi-

dence tends to show that even the smallest of the young
pilchards above mentioned, 13 cm. in length, could not

have reached that size if hatched the same year, even ifthey
were derived from eggs shed in May. For in the latter

case they would be only a little more than five months
old. Meyer found that herrings at five months were only
6 to 7 cm. long, and Marion states that the sardine at

Marseilles is 7 cm. long at the same age. It might be

argued that the Atlantic pilchard grows faster than the

Mediterranean sardine, but it can scarcely grow so much
faster as to reach 13 cm. in five months. It is pretty
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certain, therefore, that these young sardines were derived
from the previous year's spawning, and were between
twelve and seventeen months old, probably thirteen to

fifteen months. This being the case, the-young pilchards
hatched the same year ought to have been discoverable.

Day states, doubtless on Mr. Dunn's authority, that

young pilchards are first seen in September, 3 or 4 inches

long
—that is, 7*5 to 10 cm. Mr. Dunn himself tells me

that the young pilchards about this size regularly occur
ofif this coast in autumn, and that he has seen them taken
in seines and in the stomachs of whiting. I found young
pilchards myself in the stomachs of the young mackerel
taken in the anchovy nets at the dates above mentioned,
and in full-grown mackerel examined at the same time.

These young pilchards measured 6 to 9 cm., and were
doubtless derived from spawn shed the previous summer.
It is, of course, possible that the pilchards measuring 13 to

1 6*5 cm. in length at the beginning of November were
derived from spawn shed rather late in the spawning
season of the previous year, and that their age was nearer
twelve than seventeen months. But the above facts indi-

cate clearly that the pilchard does not reach adult size

in one year, and is not capable of spawning until it is two

years old, while the larger spawners are probably three

years old.

If we compare the data and inferences just given with
the facts concerning the sardine of the French coast
recorded by Pouchet, we find that the data agree and
the inferences are confirmed. Pouchet, it is true, denies
that the eggs of the sardine are pelagic, and has not
defined the spawning period. But he tells us that he has

only seen eggs approaching maturity in fish taken in

April and May, when the fishing for sardines de derive

ceases, and that for sardines de rogue commences. There
can therefore be no doubt that near Concarneau the
sardine spawns in the months following May. Pouchet's
records of the fish captured are somewhat difficult to

interpret. He publishes in his Reports the records kept
by the manufacturers, in which the size of the fish is

registered according to the number required to fill a tin

of a certain size. Two processes of calculation have to

be carried out in order to get approximately the length
of these fish. Having made these calculations, we find

that at Concarneau in 1888, in June, the sardines de

rogue were I2*5 to 14 cm. long ;
in July, 13 to I4"3 cm. ;

in

August and September about the same
;
in October, for

the most part 15 or 16 cm., though some were still taken
of 13 to 14 cm. In some of his reports Pouchet gives the
dimensions according to actual measurement of two or

three sardines taken nearly every day throughout the

season, but nowhere does he give the range of sizes of

the total number of fish taken on one day. Thus in the

year 1888 he obtained sardines of 10 to 11*5 cm. in

March, 11 to 14 cm. in April, 15 cm. in May, 13 to 15 cm.
in June, 13 to 16 cm. in July, 13 to 14 cm. in September,
14 to 18 cm. in October. On the whole, the sardine de

rogue gets larger towards the end of the season, though
it is obvious that the shoals in a given place replace one

another, so that fish taken in September at Concarneau

may be of the same age and size as others taken in June.
This phenomenon is a necessary consequence of the

extended spawning period of the species. But I think
there can be no doubt that the sardines de rogue
caught in such numbers along the coast of Finisterre in

summer are yearling fish, which in the following sum-
mer reach maturity at a length of 20 to 22 cm. There
is one consideration which may give rise to a doubt as

to the general validity of this conclusion. According to

Pouchet, sardines 157 cm. long are taken at the end of

May : would not these reach a length of 19 or 20 cm.,
and be capable of spawning, by the end of October, when
the spawning period for the year is not yet terminated ?

This question cannot be definitely answered in the nega-
tive at present. I will merely point out that the incre-
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ment of length corresponding to the same increment of

weight becomes smaller as the fish grows larger. Thus
at 13 cm. a sardine weighs about 15 grammes ;

at 16 cm.
about 30 gms., an increase of 15 gms. ;

at 19 cm. it

weighs about 60 gms., an increase of 30 gms.
If, as the above considerations indicate, the sardine of

the Cornish and French coasts reaches a length of 1 3 to

16 cm. at one year of age, it is surprising that the Medi-
terranean sardine should reach the same length at the
same age, since its maximum length is so much less than
that of the more northern fish. But Marion finds that

the sardine at Marseilles grows at the rate of i cm. per
month, starting from a length of 3 cm. at one month old.

Thus, according to his table of growth, the sardines
hatched in December are 14 cm. long in the following
December. I cannot help thinking that Marion has
over-estimated the rate of growth, but it may prove
that the fish reaches maturity more quickly in the Medi-

terranean, although it does not grow so large. Marion
has conclusively shown that the spawning period at

Marseilles extends from December to May, instead of

from May to October. J. T. Cunningham.

SCIENCE IN JAPAN}
TTHE growth of modern science in Japan is one of the
* most interesting phenomena connected with the

history of civilization. The Japanese, and the Magyars
of Hungary, are the only peoples of other than Aryan
stock who have founded Universities and taken part in

the development of the historical and physical sciences.

The University of Buda-Pesth dates from the fifteenth

century, and at the present moment its large staff of

eminent Professors contains but few names which are not

distinctively those of Magyar nationality. The University
of Tokyo was founded in the year 1868 by the union of

the Tokyo Daigaku and the Kobu Daigakko. It has
more than seven hundred students, and comprises a

College of Law, with eleven Professors, of whom one only
is a European ; a College of Medicine, with sixteen Pro-

fessors, all native Japanese ;
a College of Engineering,

with eighteen Professors, three of whom bear English
names

;
a College of Literature, with ten Professors, of

whom two are Englishmen and two Germans
;
a College

of Science, with fifteen Professors, amongst whom one—a
chemist— is Enghsh, the rest being Japanese.
The present volume bears testimony to the high quali-

fications and serious work which distinguish the Japanese
Professors and their assistants in the College of Science
of Tokyo. It contains seven memoirs on biological sub-

jects
—a branch of study for which the Japanese have

proved themselves during the last fifteen years to have a

special and indeed a remarkable aptitude. The names
of Mitsukuri, Ishikawa, lijima, and Watase, not to men-
tion others, are known and esteemed in every laboratory
in Europe and America where the study of embryology
and comparative anatomy is cultivated.

The list of papers in the present volume is as follows :
—

(i) The foetal membranes of the Chelonia, by K. Mit-

sukuri, with ten plates ; (2) The development of Araneina,
by K. Kishinouye, with six plates ; (3) Observations on
fresh-water Polyzoa, by A. Oka, with four plates ; (4) On
Diplozoon nippotiicum, n.sp., by Seitaro Goto, with
three plates ; (5) A new species of Hymenomycetous
Fungus injurious to the m.ulberry-tree, by Nobujiro
Tanaka, with four plates ; (6) Notes on the irritability
of the stigma, by M. Mujoshi, with two plates ; (7) Notes
on the development of the suprarenal bodies in the

mouse, by Masamaro Inaba, with two plates.
Some of the authors of these admirable papers bear the

title "Rigakushi," whilst Prof. Mitsukuri alone is styled
' "The Journal of the College of Science, Imperial University, Japan,"

vol. iv., Part i. (Tokyo, Japan, 1891.)
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"
Rigakuhakushi." All the memoirs above named are

valuable contributions to science, and are profusely illus-

trated by lithographic plates, wrhich compare favourably
with the best European vi^ork. Prof. Mitsukuri's memoir
on Chelonian development is the most important ; it

forms a continuation of a memoir on the germinal layers
of the Chelonia, published by him in conjunction with
Mr. Ishikawa in 1887 in the Quarterly Journal of Micro-
scopical Science.

English-speaking naturalists may congratulate them-
selves on the fact that the English language is chosen by
our Japanese confreres as their medium of publication :

English, indeed, appears to be the official language of the

Imperial University of Tokyo throughout. Whilst the
Russian Government encourages its scientific proteges to
withdraw themselves more and more from European
intercourse by publishing their investigations in the
Russian language, the Far East steps gladly into the place
among civilized nations vacated by the long-suffering
subjects of the Czar. E. Ray Lank ester.

EVIDENCE OF A WING /iV DINORNIS.
TN 1889, Mr. A. Hamilton, of the Otago University, sub-
-^ mitted to me some of the Moa bones he had exhumed
from a swamp near Te Aute, in the North Island of this

colony. Among them there were several very diminutive

scapulo-coracoids and sterna, which I hope soon to figure
and describe. Among the former was one which pre-
sented a small but distinct hollow in the situation where
the glenoid cavity occurs in the winged Ratitae. I made
a sketch at the time, and exhibited the bone at one of the

meetings of the Philosophical Institute of Canterbury.
Though satisfied in my own mind that this hollow did

represent a humerus articulation, I have been unable to

find confirmation of its existence in any other scapulo-
coracoid among the Moa collections I have examined.

Among the bones, however, which I lately dug up from a

peaty hollow near Oamaru, in the South Island, I have
found a large scapulo-coracoid presenting a deep, well-

marked depression, with a beautifully smooth and polished
concavity, which leaves no room for doubt that it has

Scapulo-coracoid ai Dinornis sp., showing the glenoid cavity.

been a functional glenoid cavity for a humerus possessing
a head not less substantial at least than that in the Casso-
waries. The accompanying drawing (half the natural size),
made by camera lucida, will convey better than a de-

scription the form and position of the depression. Proxi-

mally to the cavity, and separated from it by a smooth
ridge, there is a shallow impression (not seen in the

figure), as if it were an antitrochanter for some tuberosity
on the humerus. The coracoidal termination of the bone
fits perfectly into a deep and rounded depression in a
sternum obtained at the same time and place as the

scapulo-coracoid, belonging to Dinornis maximus of
Owen. Prof. T. J. Parker has proved that the Apterygidcs
are undoubtedly descended from birds that could fly :

the finding of so unmistakable a glenoid cavity in the

present bone confirms the generahzation for the Dinomi-
thidae. Henry O. Forbes.
Canterbury Museum, Christchurch, N.Z.,

November 4, 1891.
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NOTES.
The medals and funds to be given at the anniversary meeting

of the Geological Society, on February 19, have been awarded as

follows :
—The Wollaston Medal to Baron Ferdinand von Richt-

hofen ; the Murchison Medal to Prof. A. H. Green, F.R.S. ;

and the Lyell Medal to Mr. George H. Morton
; the balance of

the proceeds of the Wollaston Fund to Mr. O. A. Derby ; that

of the Murchison Fund to Mr, B. Thompson ; that of the Lyell
Fund to Mr. E. A. Walford and Mr. J. W. Gregory ; and a

portion of the Barlow-Jameson Fund to Prof. C. Mayer- Eymar.

Prof, Williamson, F.R.S., has been elected a corresponding
member of the Imperial Academy of Sciences, St, Petersburg.

The Belgian Academy is preparing to celebrate the fiftieth

anniversary of M. Van Beneden's membership. He is the Pro-

fessor of Natural Sciences at the University of Louvain.

The private or preliminary installation of the Duke of Devon-

shire as Chancellor of the University of Cambridge, in succession

to his father, took place at Devonshire House on Tuesday. An
admirable speech was delivered by the new Chancellor in reply
to addresses by the Vice-Chancellor and the Public Orator

Speaking of the University of Cambridge as it was it was in his-

undergraduate days, he said that the University did not at that

time present in so attractive a form as she did now that instruc,

tion in the study of history, constitutional law, political economy-
and natural sciences, which perhaps, at the present day, formed

the best preparation for one who intended to aspire to take part
in the management of the affairs of his country. He believed

that the estimation in which high education was held had been

so greatly enhanced that the Universities had nothing to fear

from attacks of cupidity, envy, hostility, or ill-will. The worst

they had now to apprehend was excessive zeal on the part of

those who, with the best intentions, but perhaps with insufficient

knowledge and experience, sought to extend more widely and

more generally their influence and their usefulness. The Uni-

versity of Cambridge had been steadily increasing its influence

and responsibility. In an expanse so wide as that covered by
science and learning, the time would never come when new

fields would not be open for everyone. Most of what had been

done was due to the devotion and ability of their own members
—men whose names were more familiar to those present than

they were to himself, so that it would be invidious for him to

attempt to specify them. The progress of the Cambridge Uni-

versity in the future, as in the past, must be mainly its own
work. The time might come when their ever-extending labours

—labours undertaken in response to the growing wants of the

community—might be received with even wider national recog-

nition than they had hitherto been. So far as it might be in his

power, in the office to which they had done him the honour to

call him, to serve as one of the links which bound the Univer-

sity to the great body of the people whom she existed to serve

and instruct, that service, imperfect as it might be, would be

cheerfully given.

The nineteenth annual dinner of the old students of the

Royal School of Mines was held at the Holborn Restaurant on

Tuesday. Mr. H. Bauerman occupied the chair, Sir G.

Stokes and Sir Lyon Playfair being among the guests. Re-

sponding to the toast, "The Mining and Metallurgical In-

dustries," proposed by the Chairman, Prof. Roberls-Austen

spoke of the value of metallurgical science. In illustration of

its importance, he said that, if the thousands of tons of steel in

the Forth Bridge had contained two-tenths less of carbon, the

material would have been worthless, that thousands of tons of

copper would be useless if it contained a trace of bismuth, and

that the eighty millions sterling of gold coin which Sir C. Fre-

mantle had been responsible for would have crumbled away if
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it had contained one-tenth per cent, of lead. Sir Lyon Playfair,

responding for the past professors, in the course of his speech

remarked,
" We are looking to the promise of the Government

hat increased accommodation will be given by the erection of

new buildings behind the British Museum at South Kensington.

A public man is of no use unless he can look ahead and see the

wants of the future. I can take this credit to myself, that for

many years I have seen the need of your expansion, and, having

some influence in the destiny of the vacant land at South

Kensington, I always resisted granting any land opposite the

College of Science that might prevent the natural growth of the

science institutions at South Kensington. But there was a

greater man than myself, the Chancellor of the Exchequer, who

very nearly succeeded in grabbing that land for an art gallery.

I hope that project is at an end, and that the land long destined

for the growth of science will only be applied to that purpose."

Prof. Victor Horsley, F.R.S., will, on Tuesday next

(January 19), give the first of a course of twelve lectures, at the

Royal Institution,on the brain. Prof J. A. Fleming will on Satur-

day (January 23) give the first of a course of three lectures on

the induction coil and alternate current transformer. The Friday

evening meetings will begin on January 22, when the Right
Hon. Lord Rayleigh, F. R. S., will give a discourse on the com-

position of water.

The Council of the Royal Meteorological Society have

arranged to hold at 25 Great George Street, S.W., frim

March 15 to 18 an exhibition of instruments, charts, maps, and

photographs relating to climatology. The Exhibition Com-
mittee invite the co-operation of all who may be able and

willing to help them, as they are anxious to obtain as large a

collection as possible of such exhibits. They will be glad to

show any new meteorological instruments or apparatus invented

or first constructed since last March, as well as photographs
and drawings possessing meteorological interest.

Medical science in France has lost one of its most prominent

representatives in Prof. Richet, who died on December 30, 1891.

He was seventy- five years of age. M. Richet was a member of

the Academy of Sciences, and in 1879 acted as President of the

Academy of Medicine.

The death of Dr. Ferdinand von Roemer, Professor of

Geology and Palaeontology in the University of Breslau, is

much regretted by all students of geological science. He was

in his seventy-fourth year, and proposed to celebrate his jubilee

as Professor on May 10, 1892.

We regret to have to record the death, on the 5th inst., of

pneumonia, after a very short illness, of Dr. Albert J. Bernays,
Lecturer on Chemistry at St. Thomas's Hospital. He was the

author of several works of great value to medical students :

"Household Chemistry," "Lectures on Agricultural Che-

mistry," "First Lines in Chemistry," "Notes for Students in

Chemistry," &c.

The rich collection of dried mosses formed.by the late Prof.

S. O. Lindberg has been acquired by the Botanical Museum of

the University of Helsingfors.

Dr. H. Jagor, the well-known ethnologist, is about to pro-

ceed to Saigon, and will visit Cambodia and Tonquin. Dr.

Jagor recently spent some time in Java, renewing the impressions

which he formed nearly thirty-five years ago on his first exten-

sive scientific tour through the countries of the Far East. His

book on the Philippines is still a work of great value.

The question of removing the Madras Observatory to a

station in the Pulneys or Neilgherries is occupying the attention

of the Governments of India and Madras. The transfer is

recommended in order to obtain an atmosphere with the mini-
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mum of cloud. If this project is carried out, solar observations

will be conducted there instead of at Dehra in the North-West
Provinces. The Meteorological Department has arranged for

a trial of observations in 1892, at Kodai Kanan, in the Pulneys,
and Kotaigiri, in the Neilgherries.

It is stated that the Japanese Budget for the ne xt fiscal year
includes an appropriation for the construction of meteorological
observatories in all the prefectures not yet provided with such

establishments. Should the Parliament approve this item, the

Empire will be completely covered with a network of observa-

tories.

The Pilot Chart of the North Atlantic Ocean, in its review

of December 1891, notes that along the American coast the

month began with cool pleasant weather, accompanying a strong

anticyclone that hung persistently about Hatteras for several

days, giving northerly winds and clear weather off the Atlantic

coast and as far south as the Caribbean Sea, and warm south-

easterly and southerly winds in the Gulf of Mexico. On the

Atlantic, however, December opened with very stormy weather,

prevailing throughout almost the entire region from Bermuda to

Rockall and the Bay of Biscay. One hurricane was central

about 700 miles north-east from Bermuda, and another storm—
one of great extent and severity

—central about lat. 58^ N.,

long. 25" W. On December 6 and 7 fresh to strong southerly

winds prevailed off the American Atlantic coast, whilst a norther

set in over the Gulf of Mexico, attending the approach from

the westward of an anticyclone that caused northerly gales in

the Gulf Stream region and as far south as the Caribbean Sea on

the 8th and 9th, with persistent northerly winds and cold weather

until the 14th. Various storms reached the Atlantic from the

Gulf of St, Lawrence. No ice was reported south of the lati-

tude of Cape Race. There was very little fog, none having
been reported until toward the end of the month. On the 22nd a

large fog bank extended from about Sable Island to Sandy Hook,,

accompanying an anticyclone. Reference is made by the Pilot

Chart to "the extremely dense fog that overhung London from,

the 22nd to the 26th."

It is perhaps not generally known that [the Annual Reports-

relating to II. M. colonial possessions frequently contain meteoro-

logical observations in addition to other useful information. We
extract the following particulars from the Annual Report for the:

Leeward Islands for 1890. From the records of the temperature,,

pressure, and rainfall at the Government Laboratory, Antigua,
the hottest month there, during that year, was September, with

an average maximum temperature of 88°. The absolute maxi-

mum was 91°, in June, and the minimum 62% in April. The

average rainfall at 45 stations in the island was 33 inches, and

was very much below the usual amount. There were several

slight shocks of earthquake during the year, but no damage was

done.

In the Repertormm fur Meteorologie (vol. xiv. No. 10), M. E.

Berg discusses the frequency and geographical distribution of

heavy daily rainfalls in European Russia, excepting Finland and

the Caucasus. The observations refer to the years 1886-90, a

rather short period ; but in previous years there were not sufficient

stations for such an investigation. The paper deals exclusively

with falls of between i '4 and 3 inches, distributed according to

months, for the various Governments of the Empire. The results

show that the frequency of heavy falls is subject to considerable

fluctuation from year to year. The regions of greatest frequency

occur on the south-east coast of the Crimea and the extreme

south-west of the Empire ; on the eastern side of the Dnieper,

the region extending to Smolensk and further northwards is also

subject to very heavy falls. The northern limit of daily falls of

over 3 inches, so far as relates to Central Russia, is the Govern-

ment of Moscow. The yearly range of frequency reaches a
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maximum in summer, and, except in the south-eastern districts,

the frequency in autumn is greater than in spring. In July and

August the great falls extend over very large districts, and at

other seasons are generally regulated by the course of the baro-

metric depressions. The following is the average yearly

frequency of the heavy falls for the whole Empire, arranged

according to seasons : winter, o*8 ; spring, 14 "3 ; summer,

io6"4; autumn, 20'8, The maximum amount which fell in any

day was over 8 inches, in Bessarabia.

The floating of the particles of cloud or fog, Ilerr von

Frank, of Graz, seeks to explain {Met. Zeit.), by the presence
of an envelope of aqueous vapour. As an approximate average
value for the diameter of droplet with envelope he gives 07 mm.

Supposing one cubic metre of cloud to hold 3 grammes of

water, there would be an interval of o'2 mm. between the

envelopes. When clouds pass over the sun, the shadows of

objects are perceptibly lengthened when the darkening occurs,

and the author attributes this to refraction by the vapour

envelopes. Again, it is difficult to see how water droplets in

the form of cloud or fog could exist at such various temperatures,
did not the vapour envelopes, as bad conductors of heat (com-

pare Leidenfrost's drops), guard the droplets to some extent

from evaporating and freezing. The minute particles must soon

be dissipated by the sun's rays, if they were not in a kind of

spheroidal state. This heating expands the envelopes, so that

the cloud tends to rise ;
and various phenomena in Nature may

be thus explained {.e.g. the rise of mist in Alpine valleys). Once

more, liquid droplets have been observed (by Assmann) floating

in air of - 10" C. On meeting a solid body these froze to ice-

lumps without crystalline structure. Here, according to Herr

von Frank, the vapour-envelopes prevent freezing, till they are

ruptured by the solid ; the droplet thus loses the bad conductor of

heat which protected it, and solidifies so quickly that no crystals

can form. The author supposes that with much aqueous vapour
in the air, larger drops form, the clouds floating lower ; with less

aqueous vapour, the drops are smaller and the clouds higher ;

the thickness of envelope, however, being the same for large

and small drops under like conditions of temperature and

pressure.

On January 5 slight shocks of earthquake were felt at Verona,

Peschiera on the Lago di Garda, Illasi, Parma, Modena, and

Chiavari ;
and on January 6 slight shocks were felt at Rochester,

New York. A telegram from Athens, dated January 11, states

that several severe shocks of earthquake, accompanied by sub-

terranean noises, had been felt in Thessaly, especially in the

neighbourhood of Larissa.

On January 11 a fresh stream of lava w^s issuing from the

base of the great cone of Mount Vesuvius on the northern side.

Mr. Herbert Jones, to whom has been intrusted the charge

of the animal and vegetable remains found at Silchester during

the excavations last year, writes to the Times that all the bones

which are sufficiently perfect will be carefully measured for

comparison with those of modern animals and with bones found

on other ancient sites. This examination is yet very far from

complete, but Mr. Jones is inclined to think that the remains of

the red deer are those of animals considerably larger than are

common at the present day. The roe deer appears to have

been of about the ordinary size. The bones of the ox, of which

the only variety met with is apparently Bos loiiglfrons, and those

of the sheep are very small
;
also the horses' bones, two varieties

of which are present in the collection. It is probable that the

horses were of about the size of Exmoor or New Forest ponies,

the cattle much like the Kerry or Brittany breeds, and the sheep

similar to those now found on the island of St. Kilda. These
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results are quite tentative, but Mr. Jones points out that so far

as they go they confirm the deductions made by Lieut. -General

Pitt-Rivers, F. R.S., from the animal remains found by him at

his excavations of a Romano-British village, near Rushmore, on
the borders of Wilts and Dorset.

Last week we referred to a " new herbarium pest
"

to which
Dr. C. V. Riley calls attention in Insect Life. Writing on the

subject in the Gardener s Chi-onicle, Mr. R. McLachlan points
out that an insect of similar habit has been known in Europe for

nearly a century. In 1798, Fabricius described a moth, now
known as Acidalia herbariata, and says of it,

" Habitat in

herbariis folia plantarum exsiccatarum exedens, Mus. Dom.
Bosc." This moth has occasionally been found in England,
and has been recorded as infesting herbalists' shops ; it has been
found nearly all over Europe, and usually in herbaria. A com-

plete account of its transformations by Dr. Heylaerts is given in

the Annates de la Sociae Entomo!o^i(]tte de Belgiqiie (torn. xxi.

pp. I to 8, 1878).

Messrs. Pratt and Son, Brighton, state in the current

number of the Zoologist that they have recently set up a .speci-

men of the spotted eagle which was shot at the Sudbourne Hali

Estate, Wickham Market, Suffolk, and sent to them for preserva-
tion. It proved on dissection to be a male, and its stomach

contained the remains of a water rat and a partridge. It was
killed on November 4. Another bird had been seen in it

company, and was no doubt the one caught at Colchester, as

recorded by Mr. II. Laver in the Zoologist. The bird sent to

Messrs. Pratt and Son was in perfect plumage, beautifully spotted,

and evidently in its second year ; it weighed 3{f pounds.

The U.S. Commission of Fish and Fisheries has issued

a full and very interesting Report on the fisheries of the

Great Lakes. The review is based mainly on data obtained in

1885. While commercial fishing is the chief and practically the

only subject considered, the importance of pleasure-fishing on

the lakes has been incidentally referred to. Although there are

no statistics to show the amount of fish caught by sportsmen
and other pleasure-seekers, it is known that the quantity and

value of the fish so taken are very considerable. Mr. ). W.
Collins estimates, from his own observations, that no less than

10,000 dollars' worth offish is taken every year from the break-

water at Chicago by men, women, and children who go there in

summer for a day's
"
outing."

Prof. Putnam has received 20,000 dollars from a Con-

necticut gentleman, whose name is withheld, to enable him to

search in South America for objects of anthropological interest,

to be exhibited at the Chicago] Exposition. A part of the

exhibit in Prof Putnam's department will be a fine collection

of cliff-dwellers' relics, gathered by the Rev. C. H. Green in

Colorado, Utah, New Mexico, and Arizona.

Much interest has been excited in New York by the use of

electricity in a representation of "Julius Coesar
" which is being

given in that city by the Meiningen company. The thunder-

storm in the third scene of the first act is said by Elccti-icity to

be the finest achievement of the kind ever seen in New York.

The lightning effects are "
exceptionally lurid and realistic."

The Report of the President of the Johns Hopkins Univer-

sity for 1891 has been issued, and all who are interested in the

higher education in the United States will be glad to learn from

it that the attendance of students was larger than it had been in

any previous year, while their quality was satisfactory. The
number of graduates also showed a marked increase. The Pre-

sident notes that electrical engineering has received especial

attention,
"

at a considerable though still inadequate outlay."
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In a paper entitled
" The Navajo Belt-Weaver," published

by the Smithsonian Institution, Dr. Shufeldt gives an excellent

account of weaving as practised by the Navajos. While living

in the north-western part of New Mexico, he was able to watch

native weavers preparing their beautiful blankets, belts, and

sashes ;
and on one occasion he was fortunate enough to have

an opportunity of photographing an Indian woman while en-

gaged in weaving a belt. The reproduction of the photograph
is interesting, and is said by Dr. Shuteldt to show the entire

scene well. Curves are never found in the figure patterns on

the belts or blankets, but horizontal stripes, diagonals, and the

lozenge are interwoven with a variety that appears to be almost

endless in the matter of design. The leading colours used are

red, brilliant orange yellow, a blue, and by combination a green,

and, finally, black, white, and grey.

Mr. W. T. Robertson gives in the October number of the

Agricultural Gazette of New South Wales a clear and interesting

account of the cultivation and manufacture of tea. The object

of the paper is to supply the farmers of New South Wales with

information which they maybe able to turn to practical advantage.

Mr, Robertson does not think that the colony can ever manu-

facture sufficiently large quantities of tea to put it in a position

to compete with China, India, and Ceylon. He sees no reason,

however, why the industry should not be conducted on a modest

scale. A farmer with children could utilize their labour in the

plucking and the light work in manufacture, while the heavier

he could undertake himself. If the owner had, say, an acre

under cultivation, it would probably bring him in 300 pounds
of made tea per annum—enough for his own consumption,
with a surplus which he could dispose of at a good profit.

M. Paul Topinard contributes to the new number of

VAnthropologie a most interesting paper on the transforma-

tion of the animal skull into a human skull. The process

may be explained, he thinks, by the influence, direct and

indirect, due to the enlargement of the brain. There is also

a paper, by M, G. de Lapouge, on various prehistoric skulls

from the collection of M. Puech, of Montpellier ; and Dr. R.

Collignon brings together some facts relating to the colour of

the eyes and hair of the Japanese.

A WORK on the great earthquake of Japan, by Prof. John
Milne and Prof. W. K. Burton, is now in the press at Tokyo.
It will be illustrated by 25 large photo-plates. For the sake of

comparison, there will be two plates showing on a small scale

the effects of earthquakes in Italy and other countries. All the

plates are to be on the finest quality of Japanese paper.

The prospectus is issued of a ForstlichnaturwissenscJiaftliche

Zeitsclirift, an organ for laboratories of forest-botany, forest-

zoology, forest-chemistry, agricultilre, and meteorology. It is

to appear monthly in Munich, under the editorship of Dr. Carl

Freiherr von Tubeuf ; the first number is announced for the

current month.

MM. RouY AND FoucAUD- expect to publish the first fascicle

of their new Flore de France in the course of the coming year.

Mr. Elliot Stock has published a fourth edition of Mr. H.
W. S. Worsley-Benison's "Nature's Fairy-Land."

Part 39 of Cassell's
" New Popular Educator

"
has been pub-

lished. It includes, besides many illustrations in the text, a

coloured plate representing the Great Hall, Karnac.

Further details of his experiments upon the colour and

spectrum of free gaseous fluorine are contributed by M. Moissan

to the January number of the Annates de Chiniie et de Physique.
The apparatus employed was, of necessity, constructed of

platinum, and M. Moissan prefaces his description of it with an

account of a few later observations upon the action of fluorine on

platinum. He finds that fluorine may be stored for days in his

vessels of platinum without the slightest action occurring, pro-
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vided the precautions which he has previously described are

taken to remove the last traces of hydrofluoric acid vapour from
the gas. Moreover, even at 100° fluorine was found incapable
of effecting the least alteration in a spiral of platinum wire im-

mersed in the heated gas. It is not until a temperature superior
to 400° is attained that corrosion commences, and the platinum
vessel requires heating to low redness before rapid action occurs.

In order to ascertain whether fluorine, like other members of

the family of halogens, was possessed of a distinctive colour, a

tube of platinum, one metre long and two centimetres diameter,

was procured. The two ends of this tube were closed by disks

of faultlessly clear and colourless fluor-spar, a commodity of great

rarity. Near the ends were inserted narrow side-tubes of

platinum for the entrance and exit of the fluorine ;
the ends of

these side-tubes were closed by small, tightly-fitting stoppers,
also of platinum. The whole apparatus held about 200 cubic

centimetres of gas. In performing the experiment, pure fluorine

was allowed to stream through the apparatus until a crystal of

silicon held at the end of the exit-tube burst into flame. The

stoppers were then inserted, and the colour of the inclosed gas
examined against a white background. For the sake of com

parison a similar observation was made with a blackened glass

tube, closed at the ends with plate-glass disks, and filled first

with air and afterwards with chlorine. The colour of fluorine is

then seen to be somewhat paler than that of chlorine, and

decidedly more yellow
—

just what one would expect from the

position of fluorine at the head of the halogen family group.

The experiments made with the view of determining the spec-

trum of fluorine were carried out in the following manner. A
beautiful little piece of platinum apparatus was constructed,

consisting of a wide tube, brightly polished inside and supported

vertically. It was closed at each end by a platinum cap,

through each of which passed a stout electrode rod. Each rod

was in turn connected with one of the wires from a Ruhmkorff

coil, worked by six Bunsen cells. Two pairs of these rods,

which served for the passing of the spark, were employed

alternately, one pair made of platinum and the other of gold,

so that the lines due to the terminals could be eliminated. In

order to permit ithe spectroscopic observation of the spark, a

short horizontal tube of the same diameter was attached at the

middle of the vertical tube, opposite to the two terminals ;
the

open front end of this horizontal tube was closed with a window

of perfectly colourless fluor-spar. Narrow entrance and exit

tubes were also attached near the ends of the vertical tube in

order to enable the apparatus to be filled with any gas at

pleasure. The spectrum given by passing the spark between

platinum terminals in an atmosphere of nitrogen was first ob-

served ; then the nitrogen was displaced by fluorine, and the spark

again passed and observed. The two observations were then

repeated with terminals of gold. The positions of the lines in

the spectrum of fluorine thus obtained were finally confirmed by
observations of the dissociation spectra of hydrofluoric acid and

the gaseous fluorides of silicon, carbon, and phosphorus. The

results show that the spectrum of fluorine consists of thirteen

bright red lines, whose positions have previously been given in

a preliminary note by M. Moissan, and which will be found in

Nature, vol. xliv. p. 623.

The additions to the Zoological Society's Gardens during the

past week include a Toque Monkey {Macacus pileatus ? ) from

Ceylon, presented by Mr. John Bell ; a Vervet Monkey
{Cercopithecus lalandii S ) from South Africa, presented by Mr.

R. J. White; a Lesser Sulphur-crested Cockatoo (Cacat^ea

sulphurea) from Moluccas, presented by Mr. J. Buckingham ;

a White-tailed Sea Eagle {Haliactus albicilla) from Asia Minor,

presented by Sir H. F. de Traff^ord, Bart., F.Z.S.
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OUR ASTRONOMICAL COLUMN.
Stonyhurst Drawings of Sun-spots and Facul^.—

A little more light on the relation of faculae to spots is contained

in a paper communicated by the Rev. Walter Sidgreaves to the

Royal Astronomical Society in December 1891. None of the

drawings of solar phenomena made at Stonyhurst under the late

Father Perry's direction afforded a clear instance of faculse pre-

ceding the birth of a spot. Neither was there any positive
evidence of the birth of a spot before the appearance of faculse ;

while every spot of importance was attended from the beginning
with at least a small surrounding of faculae. No absolute priority
of one or the other could therefore be regarded as proved.

During the minimum of 1889, however, Father Sidgreaves ob-

served two cases in which faculas undoubtedly appeared before

any trace of a spot could be detected. "On June 29, a small

patch of faculse was sketched near the eastern limb, in latitude
-

40°'S, and in longitude 252°. There was no trace of a spot
in the neighbourhood, and neither spot nor faculae had been seen

near the position for years. On the following day a small round

spot appeared in latitude -40°'3, and longitude 252°"2
—that is,

in the midst of the faculse, the faculse on this day being visible

only just close round the spot." A similar development was
recorded at the end of July, in latitude -

22°, and longitude

155'. Both the faculst and spots were new, and clearly dis-

tinguished ; hence, so far as these observations are concerned,
their evidence clearly indicates that the birth of some spots is

preceded by the appearance of faculse.

Some apparently Variable Nebula.—Mr. Lewis Swift,
in his ninth catalogue of new nebulae discovered at the Warner
Observatory {As(r. Nach., 3004), noted his inability to re-find a
nebula previously seen in R. A. 3h. 36m. os., Decl. 95° 2''i. A
further examination of the region led this observer to suspect
that the object formerly located in the position given must have
been a comet {Astr. Nach., 3014). Dr. Dreyer has looked up
the observations of nebulse in the region in question, and the

information thus obtained leads him to conclude that the object
is most probably a variable nebula {Monthly Notices, December
1891). The nebula appears to have been visible in 1827, 1848,

1850, 185 1, 1856, and 1889, while it was not seen in 1785, 1855,

1864, 1865, 1872, 1875, 1877, and 1890, although it was

specially looked for on two or three of these occasions. The
two nebulae h 229 and h 882, which Prof. Winnecke found
were periodically variable (and his observations were supported
by later ones made by other observers), are believed by Dr.

Dreyer to owe their apparent fluctuations of light to disturbing

atmospheric influences, h 1452 is a similar diffused nebula with

slight condensation, which Sir John Herschel suspected to be
variable. But in this case, also, conclusive evidence of vari-

ability is wanting.

THE CRYSTAL PALACE ELECTRICAL
EXHIBITION.

'X'HE Electrical Exhibition at the Crystal Palace was opened
-* on Saturday last. It is an Exhibition of great interest,

not only to electricians but to the public, and should do much
to enlighten ordinary visitors as to the methods and results of

electrical science. At the present stage we need refer only to

some parts of the display. When the Exhibition is complete,
we shall give a fuller account of the principal exhibits.

Much attention will, of course, be devoted to the section con-

taining the generating machinery. Every important type of

generating apparatus is shown in this department. Among the

large exhibits is a 350 horse-power Davey, Paxman engine,

capable of driving a powerful Kapp dynamo ;
and Messrs.

Crompton and Co. exhibit a dynamo combined with a Willans

engine of 200 horse-power
—the dynamo being capable of running

nearly 4000 8 candle-power glow lamps. There are many gas-

engines, some of which are shown by Messrs. Crossley Brothers,
the original proprietors of the Otto gas-engine. Other exhibitors

are the British Gas Engine Company, with cycle engines ;

Messrs. Dick Kerr and Co., with the Griffin gas-engine ; Messrs.

J. E. H. Andrew and Co., with the Stockport gas-engine ; and
Messrs. Day and Co., with a new form of gas-engine. All of

these engines are used to drive dynamos of various makers.

A most interesting exhibit is sent by the Postmaster-General,
who displays a complete set of telegraphic apparatus. A large
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projector or search-light is shown by Messrs. Crompton and Co.,
who also exhibit, among other things, an electric crane capable
of hoisting about a ton. No fewer than 10,000 glow lamps in

one group are shown on a wire screen by the Edison- Swan
Company, and arc lights, poles, regulators, and samples of sub-

marine cables are displayed by Messrs. Siemens Brothers. A
model of an electric launch built for use on the Thames is in-

cluded among the exhibits of Messrs. Woodhouse and Rawson ;

and a full- sized electric tram-car is shown by the Brush Elec-

trical Engineering Company, who have also in the Exhibition
various dynamos, arc lamps, and other objects.
The exhibits in connection with telephony cannot fail to

attract notice, and will do more than any amount of verbal

explanation to make its principles intelligible. The National

Telephone Company are arranging rooms where London operatic
and other performances may be heard by visitors on payment of

a small fee ; and two stands belonging to the Consolidated

Telephone Company, one in the nave, and another in the

gallery, are connected by telephone.
Messrs. Croggon and Co. show lightning conductors of the

latest type applied to a model church, in connection with which
a peal of bells are rung by electricity from a keyboard. Various

styles of fittings for domestic electric lighting are displayed in a

series of rooms in the galleries ; and these will no doubt attract

very general attention. The Medical Battery Company show
well how electricity is applied in various departments of medical

practice.
The Exhibition has been organized with so much care, and on

so great a scale, that it is sure to be widely appreciated.

THE SMITHSONIAN INSTITUTION.

pROF. 8. P. LANGLEY, Secretary of the Smithsonian

Institution, has submitted to the Board of Regents his

Report for the year ended June 30, 1891. It includes, among
other things, an account of the work placed by Congress under

the charge of the Institution in the National Museum, the

Bureau of Ethnology, and the National Zoological Park.

As in a previous Report, Prof. Langley refers to the fact that

owing to the changing value of money the purchasing power of

the Smithsonian Fund, in the language of a Committee of the

Regents, "while nominally fixed, is growing actually less year

by year, and of less and less importance in the work it accom-

plishes with reference to the immense extension of the country
since the Government accepted the trust"; and he urges that

the fund should be enlarged, "if only to represent the original

position of its finances relatively to those of the country and
institutions of learning." If we may judge from the general
tone of the Report, the required increase is more likely to be
obtained from private benefactors than from the Government.

Quite lately, as we recorded at the time, the Institution ob-

tained from Mr. Thomas G. Hodgkins, of Setauket, Long
Island, a handsome donation of 200,000 dollars.

By reducing expenses in other directions, the Institution has

been able to revert to its early practice of aiding investigators

carrying on original research. Among the special grants may
be named that of 500 dollars to Prof. A. A. Michelson, of

Clark University, for continuing his important work upon a

universal standard of measure founded on the wave-length of

light ; also a sum of 600 dollars placed at the disposal of Prof.

E. W. Morley, to procure a special apparatus for determina-

tions of the density of oxygen and hydrogen, an investigation

requiring extreme precision and delicacy of manipulation, and

promising results of wide application ;
while a sum of 200 dollars

was placed at the disposal of Dr. Wolcott Gibbs, for investiga-
tions at his laboratory in Newport upon chemical compounds.
To Prof. E. S. Holden, Director of the Lick Observatory,

California, a grant of 200 dollars was made, to assist in perfect-

ing his apparatus for securing photographs of the moon. The
results of his studies in this field Prof. Holden has offered to

place at the disposal of the Smithsonian Institution for publica-
tion at some future day, should it seem desirable.

Prof. Pickering, Director of the Harvard Observatory, has

also placed at the disposal of the Institution for publication a

very valuable series of photographs of the moon, which have
been secured at the Harvard Observatory, and which will be

supplemented by photographs to be taken at the Harvard Ob-

servatory high-altitude station in the mountains of Peru.

The Director of the Paris Observatory, Admiral Mouchez,
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has likewise promised his co-operation in securing lunar photo-
graphs of the highest degree of excellence now attainable.

With the aid of these three prominent Observatories, which
have given especial attention to the subject of lunar photo-
graphy, it is proposed to prepare a volume representing upon a

large scale the best results that can be secured, thus placing on
record a detailed description of the lunar surface, the value of
which for comparison with observations and photographs of the
future can scarcely be over-estimated.

In furtherance of the plan for the establishment of standard
sizes of screws and of diameters of tubing, &c., for astronomical
and physical apparatus—a subject which has received the atten-

tion of Committees of the National Academy of Science, as also

of the American Association for the Advancement of Science—
a few standards have been tentatively adopted, and copies of

these are attainable by all interested in securing uniformity in

this class of work.
No memoir was added to the Smithsonian " Contributions to

Knowledge
"

during the year, but a paper presenting an account
of new experiments in aero-dynamics by Prof. Langley was in

course of preparation. These investigations were made at

private charge, but it is in accordance with a policy long ago
counselled by the Board of Regents that they should be pub-
lished in a volume of the Institution's "Contributions."
A statement relating to the establishment of an Astro-physical

Observatory as a part of the Smithsonian Institution has already
appeared in Nature (vol. xliv. p. 254). With regard to this

Observatory, Prof. Langley recalls the fact that preparations for

it had been made by the late Secretary, Prof. Baird. A special
interest was taken in the proposed Astro-physical Observatory
by the late Dr. J. H. Kidder, formerly Curator of Exchanges in

the Smithsonian Institution, and the sum of 5000 dollars was
received from his executors for this purpose. A like sum of

5000 dollars was presented personally to the Secretary by Dr.
Alexander Graham Bell for prosecuting physical investigations,
and particularly those upon radiant energy ;

and this sum was,
with the consent and approval of the donor, placed to the credit

of the Smithsonian Institution upon the same footing as the
Kidder bequest. Congress was asked to appropriate 10,000
dollars for annual maintenance, and this sum was granted, and
became available on July i last.

Speaking of the National Museum, Prof, Langley notes that

at the close of the fiscal year the present building had been

occupied one decade, and that during that period the total

number of specimens of all kinds catalogued and ready for

exhibition or study had increased from about 193,000 to more
than 3,000,000. This rate of growth, as he says, is "probably
unprecedented in the history of Museums." The development
of the collections has not, however, proceeded

"
in such a sym-

metrical and consistent manner as is essential to the necessities

of the work "
; and such is the competition for "material," that

the Museum is often unable to hold its own, not only with

foreign Governments and with local Museums in other American
cities, but even with private collectors. More space and a

larger staff of curators are urgently needed.
Some interesting statements are made with regard to the work

of the Bureau of Ethnology. At the close of the last fiscal year,

specific exploration of the mound area by the United States

ceased, except so far as it was found necessary to correct errors

and supply omissions. A large part of the results of the work
of several past years is in print, though not yet issued. A plan
of general archaeological field work has been practically initiated

by a systematic exploration of the tide-water regions of the

District of Columbia, Maryland, Virginia, and the Ohio Valley,
which determined among other points of interest that the

implication of great antiquity to forms of stone implements of

America which have hitherto been classed with European
palaeoliths in age as well as in fabrication has not been sub-

stantiated by the ascertained facts.

Careful exploration of the Verde Valley in Arizona followed
that before made of other parts of the large south-western region
of the United States in which the presence of many extensive

ruins has given rise to fanciful theories. The data as classified

and discussed have shown that the hypothesis of a vanished
race enjoying high civilization, which has been proposed
to account for the architecture of the ruined structures is

unnecessary.
The attention already given to Indian languages has been

continued, in recignition of the fact that some of them are fast

passing beyond the possibility of record and study, and that the
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ethnic classification of all of the Indian tribes can be made
accurate only through the determination of their linguistic
divisions and connections. The studies upon aboriginal

mythology and religious practices have also been continued, with

special attention to the ghost dances and " Messiah religion,"
which have produced important consequences bearing upon the

problem of proper national dealing with the Indians. Official

misconception of their religious philosophy, which has been

forcedly transfigured by the absorption of Christianity so as to

present more apparent than actual antagonism to civilization,

has occasioned needless loss of life and treasure.

With regard to the National Zoological Park, Prof. Langley
says the primary object for which Congress was asked to establish

it was to secure the preservation of those American animals that

are already nearly extinct, and this object it was thought would
be best attained by the establishment of a large inclosure in which
such animals could be kept in a seclusion as nearly as possible
like that of their native haunts. Congress has been so unwilling
to provide the necessary funds that the Smithsonian Institution

has found it hard to realize the original design. Nevertheless,
the development of the Park proceeded steadily during the year,
as few changes as possible being made in its natural features.

Trees have been planted in different parts, in some places for

ornament, in others to secure the proper seclusion of animals ;

and a considerable area of open land has been prepared for lawn
and pasture grounds. Near what is for the present the principal
entrance is a disused quarry, from which arise precipitous cliffs

and bold rocky ledges. It seemed particularly well fitted for

the construction of dens and yards for bears. A series of caverns

has been blasted in the rock and inclosed by a stout iron fence.

Within the fence are large and commodious yards, in which have
been constructed bathing pools, with water flowing constantly
from a large spring outside the Park. The result has been a

place admirably adapted for the health and general welfare of

the animals, as well as a most picturesque and striking feature.

Already the establishment of a National Zoological Park
under the management and guidance of the Smithsonian In-

stitution has attracted the attention of similar institutions and of

naturalists in other countries, and liberal offers of gifts and

exchanges have been made.
From Sumatra, from the islands of the Pacific, from the

shores of Alaska, and from American national parks, have come
offers of gifts or terms of purchase, but it has been necessary t&

defer acceptance of all these offers owing to lack of funds even
to pay for transportation.

SOCIETIES AND ACADEMIES.
London.

Chemical Society, December 17, 1891.—Dr. W. PI. Perkin,
F. R. S., Vice-President, in the chair.—The following papers
were read :

—The composition of cooked vegetables, by Miss K.

f. Williams. The vegetables examined after cooking were the

artichoke (Jerusalem), broad bean, haricot bean, beetroot,

cabbage, carrot, cauliflower, celery, cucumber, lettuce, mush-
room, onion (Spanish), parsnip, pea (green), potato, radish,

salsafy, scarlet-runner, sea-kale, spinach, tomato, turnip, and

vegetable marrow. Ultimate analyses of the cooked vegetables
were made, and their heats of combustion determined. The

woody fibre, cellulose, fat, and the carbohydrates convertible

into glucose were also estimated.—Metallic hydrosulphides, by
S. E. Linder and H. Picton. The authors have investigated
the sulphides of copper, mercury, arsenic, antimony, cadmium,
zinc, bismuth, silver, indium, and gold ; and find that, with the

single exception of bismuth, all these metals form hydrosulphides
of a more or less complicated character. These compounds,
when treated with acids, in most cases lose part of their sul-

phuretted hydrogen, and form still more complicated hydro-

sulphides. Copper forms a soluble hydrosulphide possessing
the composition 7CuS,H2S ; this, on treatment with acetic acid

in presence of excess of sulphuretted hydrogen, yields a sub-

stance of the composition 9CuS,H2S; if no excess of sul-

phuretted hydrogen be present, the compound 22CuS,H2S is

obtained. Hydrochloric acid produces still further condensa-

tion. Mercuric sulphide forms products approximately repre-
sented by the formulae 3iHgS,HoS and 62HgS,HgS. The
latter formula represents the substance obtained in presence of

acid, and is a very stable substance. Zinc sulphide solution
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obtained from the hydroxide contains about 14 per cent, excess
of sulphur as sulphuretted hydrogen ;

in presence of acetic acid
a product represented approximately by -the formula laZnS.HoS
is obtained. The authors consider that their results support the
conclusion that the metallic sulphides are in most cases poly-
merides of very high molecular weight.

—The physical constitu-

tion of some sulphide solutions, by H. Picton. The author has

specially examined the solutions of mercuric, antimonious, and
arsenious sulphides, and finds that in each case the sulphide is

present in the form of very finely divided particles. In the
"solution

"
of mercuric sulphide particles are visible under the

microscope with a magnifying power of 1000 diameters, and are
not diffusible even in the absence of a membrane. Arsenious

•sulphide may exist in "solution" in three distinct types of sub-
division. In the first solution, the particles are just visible. In
the second, the particles are smaller but not diffusible, and
scatter and polarize a beam of light sent through the solution.

The third solution is diffusible in the absence of a membrane, but
the optical behaviour shows that particles really exist in the solu-

tion.—Solution and pseudo-solution, Part I., by II. Picton
and S. E. Linder. The authors consider that there is a con-
tinuous series of grades of solutions passing without break from
a crystallizable solution to one containing the substance in a
state of fine subdivision. They regard the very .inely divided

panicles in the lower grades of solutions—-colloid solutions—as

large molecular aggregates retaining many of their molecular

properties. On passing up through the different grades of solu-

tion, the particles become smaller, and the forces holding them
in solution become more definitely those of chemical attraction.

A new property is described, which holds for a large range of

solutions extending from pseudo-solutions to crystallizable solu-

tions. This property consists in the repulsion of the dissolved

substance as a whole from one of the electrodes of a battery
immersed in the solution. Thus, in the case of colloidal arsenic

sulphide, the sulphide aggregates are repelled from the negative
electrode ; they are also repelled, though much less strongly,
from the positive electrode. An exactly similar phenomenon is

observed in the case of the crystallizable colouring-matter
Magdala-red when dissolved in absolute alcohol, the repulsion
being, however, from the positive electrode, no perceptible
repulsion from the- negative electrode being observable. This

property is of much interest in itself, but also as exhibiting
similarities between the different grades of solution.—The charge
proceeding in an acidified solution of sodium thiosulphate when
the products are retained within the system, by A. Colefax.
The action of acids on sodium thiosulphate was investigated

by allowing the action to proceed for a known time, then

titrating with standard iodine solution, and subsequently deter-

mining the amount of acidity of the solution. The author con-
cludes that the change proceeding iu an acidified solution of
sodium thiosulphate, when the products, viz. sulphurous acid and

sulphur, are retained in the system, is a reversible one, a limit

being reached a certain time from the time of acidification. The
value of this limit is affected by the state of concentration, the

ratio of the mass of acid relatively to the sodium thiosulphate,
the nature of the acidifying acid, and the temperature. Sulphur-
ous acid cannot prevent the decomposition of thiosulphuric acid.

The presence of both products of the change in the system seems
essential to the attainment of a limit value, for sulphurous acid,
when initially free in the system at the lime of acidification, has
but little influence upon the values expressing the extent of the
chemical change. A higher temperature favours the interaction

of sulphurous acid and hydrogen and sodium thiosulphates ; but
this is a secondary change, which proceeds at lower temperatures
with extreme slowness. Spring's statement that sodium trithio-

nate is formed by the interaction of iodine, sodium sulphite, and
sodium thiosulphate, seems to be wrong : the author finds that

on adding a solution of these two salts to one of iodine no sodium
trithionate is produced ; the sodium sulphite is completely
oxidized to sulphate.

—The action of sulphurous acid on flowers

of sulphur, by A. Colefax. Contrary to the statement of Debus,

sulphurous acid acts on flowers of sulphur at the ordinary

temperature, producing thiosulphuric acid and a polythionic

acid, probably trithionic acid ; no pentathionic acid was found.
The action occurs even in the dark, and proceeds much
more rapidly at a temperature of 80 '-90°. Water has no action

•on flowers of sulphur, either at ordinary temperatures or at

this higher temperature.
—The o and j8 modifications of chloro-

benzene hexachloride, by F. E. Matthews. A mixture of these
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two substances with oily products is obtained bypassing chlorine

gas through chlorobenzene in presence of dilute caustic soda.

They are both colourless crystalline substances, which on heating,
either alone or with alcoholic potash, give a quantitative yield
of I : 3 : 4:5 tetrachlorobenzene. The /8 modification of chloro-

benzene hexachloride, CgHgClj, melts at about 260°, and is more
stable and less volatile with steam than the a compound, which
melts at about 146°.

—The sulphochlorides of the isomeric

dibromonaphthalenes, by H. E. Armstrong and E. C.
Rossiter. The sulphochlorides of five of the dibromonaph-
thalenes have been investigated. It is to be noted that, while

the dibromonaphthalenes all have higher melting-points than the

corresponding dichloro-derivatives, no such relation holds

between the sulphochlorides of corresponding dichloro- and

dibromonaphthalenes.—The action of alcohols on sulphonic
chlorides as a means of producing ethereal salts of sulphonic
acids, by H. E. Armstrong and E. C. Rossiter. The authors

find that the ethereal salts of several but not all of the di-

bromonaphthalenesulphochlorides may be prepared by simply

boiling them with dehydrated alcohol.—The aciion of bromine
on o and )3 bromonaphthalene, by H. E. Armstrong and E. C.

Rossiter. The authors have succeeded in resolving into its con-

stituents the mixture of dibromonaphthalenes obtained on bro-

minating naphthalene'with two molecular proportions of bromine.—The action of bromine on a mixture of ortho- and paranitro-a-

acenaphthalide, by H. E. Armstrong and E. C. Rossiter.

When a mixture of ortho- and paranitro-acenaphthalides
is brominated, the ortho-compound, not the para-, as previously

supposed, is alone attacked.—Camphrone, a product of the

action of dehydrating agents on camphor, by H. E. Armstrong
and F. S. Kipping. Several chemists have described camphorone,
C9HJ4O, as a product of the action of sulphuric acid on camphor ;

the properties of this substance, however, as given by different

chemists, show great variations. The authors, on preparing the

substance and purifying it by means of its hydrazone, find

its composition to be, not C9H14O, but probably CiqHjjO.
—

Metaxylenesulphonic acids. Part II., by G. T. Moody. When
acetmetaxylid (1:3:4) is sulphonated, metaxylidinesulphonic
acid (Mca : NHj : SO3H = 1:3:4:6) is obtained in slender

needles soluble in water. On diazotizing, and boiling with

alcohol, it yields ethoxymetaxylenesulphonic acid ;
if the diazo-

compound be boiled with hydrobromic acid, the corresponding

bromoxylene-sulphonic acid is obtained in slender needles. The
salts of the above acids are described.—The action of propylene
bromide on the sodmm derivatives of ethylic acetoacetate and

ethylic benzoylacetate, by W. H. Perkin, Jun., and J. Sten-

house. The preparation and properties of the ethyl salts of

acetylmethyltrimethylenecarboxylic acid, methyldiacetyldiadipic
acid, and benzoylmethyltrimethylenecarboxylic acid, and their

derivatives, are described.—Derivatives of tetramethylene, by W.
H. Perkin, Jan., and W. Sinclair. The authors have prepared
the monobromo-derivative of tetramethylenecarboxylic acid. Its

hydroxy-, acetoxy-, and ethoxy-acids are also described, together
with tetramethylene, methyl, and ethyl ketones and their reduction

products.

Geological Society, December 23, 1891.
—W. H. Hudle-

ston, F. R.S., Vice-President, in the chair.—The following
communications were read :

—On part of the pelvis of Pola-

cantlius, by R. Lydekker.—On the gravels on the south of the

Thames from Guildford to Newbury, by Horace W. Monckton.
The author stated that the greater part of the hill-gravel in the

district referred to belonged to the Southern Drift of Prof.

Prestwich, and that the valley-gravels for the most part consisted

of material derived from the Southern Drift. Small patches of

Westleton Shingle and Glacial Gravel occurred near Reading
and Twyford. He divided the Southern Drift into three classes:—
(i) Upper Hale type, characterized by the abundance of small

quartz pebbles and the scarcity of chert. (2) Chobham Ridges
type, with abundance both of small quartz pebbles and chert.

(3) Silchester type ; quartz scarce, and chert very rare or alto-

gether absent. He described the localities at which these types
occurred and their limits of distribution, and then referred to the

Glacial Gravels of the Tilehurst plateau, which he believed to

have been deposited before the excavation of the valley of the

Thames between Reading and Goring. The author then dealt

with the valley-gravels, which he believed to be mainly derived

from the hill-gravels of the immediate neighbourhood, and
showed how the various types of hill-gravel had contributed
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materials for the valley-gravels. He explained that, with the

possible exception of the Westleton Shingle, he entirely rejected
the theory of marine action in connection with the formation of

these gravels, and thought that the Glacial Gravels were probably
for the most part due to floods during melting of large quantities
of ice. The remaining gravels, he believed, had been spread out

by water in valleys ; as denudation proceeded, the gravel, by

protecting the ground upon which it lay, came to stand out as the

capping of the plateaux and hills
;
as the gravel itself was de-

nuded, the materials were carried to lower levels, forming new

gravels ;
and this process has been repeated up to the present

time. He explained that Prof. Rupert Jones and Dr. Irving
had already adopted this theory in part, but that he differed

from them in the entire exclusion of marine action. After the

reading of this paper there was a discussion, in which the Chair-

man, Mr. W. Whitaker, Dr. Hicks, Mr. R. S. Herries, Prof.

Grenville Cole, and Mr. Monckton took part.
—The Bagshot

Beds of Bagshot Heath, by Horace W. Monckton.

Paris.

Academy of Sciences, January 4.
—M. Duchartre in the

chair.—On an abnormal mode of propagation of waves, by M.
H. Poincare.—Remarks on the mechanism of the fixation of

nitrogen by the soil and plants, a propos of a reply by MM.
Schloesing and Laurent, by MM. Arm. Gautier and R. Drouin.—Note on the late Herr Kronecker, by M. Hermite.
This is an obituary notice on Herr Kronecker, the renowned

mathematician, who died at Berlin on December 29, 1891,
after a short illness.—On electro capillary phenomena and
differences of potential produced by contact, by M. Gouy. In

order to obtain some new information as to contact force, the

author has measured the surface tensions of more or less

polarized liquid amalgams, in comparison with mercury. The
first experiments were made with amalgams containing i/iooo

part of zinc, cadmium, lead, tin, bismuth, silver, and gold. And
the results lead to the provisional statement that in a system

consisting of non-polarized mercury, acidulated water, and an

amalgam of i/iooo more or less polarized, the superficial
tension of the amalgam is a function of the apparent differ-

ence of potential between the amalgam and the mercury.
—

The direct combination of nitrogen with the alkaline-earthy
metals, by M. Maquenne. The metals employed have been
used under the form of electrolytic amalgams. They unite

rapidly with nitrogen when heated in a current of that gas, in

the absence of carbon and its compounds ; there is thus no
intermediate formation of a metallic carbide. The ease with
which the combination takes place may lead to a new inter-

pretation of the synthesis of alkaline-earthy cyanides by the

simultaneous action of nitrogen and carbon on the corresponding
bases.—Nitration of hydrocarbons of the methane series, by
M. Konovaloff. The normal hydrocarbons of the methane
series may be nitrated by weak nitric acid, and give as principal

products secondary nitro compounds. The yields are relatively

good, and the method may be used to prepare secondary nitro-

paraffins. Corresponding amines and ketones are obtnined

by reduction of these products.
—On the embryogeny of

Sagiita, by M. S. Jourdain.
—Influences of electric discharge

during thunderstorms on apparatus registering terrestrial mag-
netism, by M. Em. Marchand. An examination of the

tracings drawn by the registering magnetometers at Lyons
Observatory since 1887, and the records of thunderstorms,
establish a connection between lightning discharge and mag-
netic disturbances which has been frequently noted. Seventy-
three lightning discharges had their time of occurrence and

approximate distance recorded during the last five years. Forty
of these were accompanied by well-marked disturbances of the
declination curve ; in fifteen cases the oscillatory movements
were slight, but could be easily found when the time of dis-

charge was known ; thirteen cases were doubtful ; and in five

cases absolutely no trace of an abnormal oscillation could be
detected. No simple relation appears to exist between the

distance of the discharge and the amplitude of the oscillation

they produce. Some very violent thunder-claps have only been

accompanied by slight magnetic perturbations, whilst others, far

more feeble and distant, have produced very large ones.—On
the absolute values of the magnetic elements on January i,

1892, by M. Th. Moureaux. The following are the values at

the Pare Saint-Maur Observatory, deduced from the mean of

the horary observations obtained on December 31, 1891, and

January i, 1892, and referred to the absolute measures made on

December 27, 29, and 31, and on January 2 :
—

Absolute values on Secular variation

January i, 1892.
Elements.

Declination ...

Inclination

Horizontal force

Vertical force ...

Total force

15 307
65° 9'-o

o 19580
o"42278
0-46592

-5'"2
- 1' -6

-t-o "00026

-f o 00006
-f o'oooi6

—On the soundings of the Bourget Lake, and some other lakes

in the Alps and the Jura, by M. A. Delebecque.
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PARKE'S PERSONAL EXPERIENCES IN
EQUATORIAL AFRICA.

My Personal Experiences in Equatorial Africa as Medi-
cal Officer of the Emin Pasha Relief Expedition. By
Thomas Heazle Parke, Hon. D.C.L. (Durh.), &c.

With Map and numerous Illustrations. (London :

Sampson Low, Marston, and Company. Limited,
1891.)

A FAIRLY large literature has now seen the light in

which we have had numerous details about the

expedition sent out for the relief of Emin Pasha. All of the

as yet pubHshed volumes treating of this subject have
been to a very great extent based only on personal ex-

periences, being more or less expanded from notes taken
at the time

; it thus happens that of the history of this

famous expedition it is difficult to obtain any general

survey. As a contribution, however, to such a survey this

book of Dr. Parke's is welcome. As the medical officer in

charge, the exigencies of the many trying circumstances
that arose rendered it necessary that he should attach

himself most constantly to the sick camp, and so his

narrative comes in to tell us of trials and hardships

undergone, of which in Stanley's
" Darkest Africa" we

of necessity heard but little.

In order that one may be able to appreciate the facts

enumerated in this volume, the reader should bear in

mind that the expedition across Africa was in stern

reality several expeditions backwards and forwards

through the most trying portion of this continent. Under
the leadership of Mr. Stanley the officers selected left

England late in 1886, but at the last moment the medical

officer in charge was compelled to abandon the expedi-

tion, and in Cairo, Stanley, who had seen Parke in

Alexandria, where the latter was on duty as a member
of the British Medical Staff, appointed him as one of his

officers.

Of the journey to Cape Town, and from thence to the

mouth of the Congo, little need be said, nor, indeed, are

there any special facts of interest about the voyage up
the river to Yambuya, where the entrenched camp was
formed which was handed over to the care of Barttelot

and Jameson. This portion of the journey took four

months and a week
;
there was of course a certain amount

of new experiences, some deaths among the native army,
some accidents there were both by land and water, but

these are all told within a compass of the first seventy

pages.
From Yambuya the land journey to the Albert Nyanza

commenced, Mr. Stanley taking with him Nelson, Stairs,

Jephson, and Parke, intending to return for the rear

column, which had instructions to make their way slowly
onwards in an eastern direction. Tedious was the pro-

gress made, paths had to be cut through the bush, one

after another of the leaders and many of the men suffered

much from fever. There was plenty of game in the forest,

judging by the footprints, but already there was some

scarcity of provisions. At Avisibba there was an encounter

with the natives, when Lieutenant Stairs was shot in the

chest by an arrow, from which peril he recovered, though
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it was not until long months afterwards that the broken
off arrow's head was extracted by Dr. Parke. This part
of the journey took four weeks, but after a day's rest at

Avisibba the march was again resumed, the next halting

stage being at an Arab encampment, marked in the

map as Ugarrowa, from the name of the chief. This

march was still through the forest, but along the course

of the river, and it lasted over four weeks. During it

the effect of the cold and wet weather began to tell upon
the Zanzibaris

;
the constant tramping through the forest

was also extremely depressing, malarious marshes and

swamps had to be waded through, and even worse, the

camps at night had often to be pitched by their very

edges. To all these troubles the want of food was added ;

of animal food there was almost none. At times hornets

and ants came in swarms, and were more dreaded than

the arrows of the natives. At Ugarrowa's camp a num-
ber of men had to be left, while the rest of the party went
on without delay to Ipoto. Within a fortnight after-

wards the hardships told so severely on the travellers

that when the river navigation came completely to an

end at the junction of the Ihuru and the Ituri to form the

Aruwimi, itself a large confluent of the Congo River,

fifty-two men who were unable to march were left behind

with Captain Nelson, himself an invalid. This dreadful

spot was afterwards known as Nelson's Starvation Camp.
The rest of the party pressed on, and in ten days
reached Ipoto, but through all these days there seems to

have been but one great struggle to support life with a

minimum quantity of food, men dropt from starvation
;

their rifles and loads were then taken by others, and

they were left.

At Ipoto there were three chiefs, head men to Abed
Bin Salim, and the people were all Manyuema. Food
was to be had—goat flesh, fowls, Indian corn, and beans—
and nine days were spent here before the next move lake-

wards. Jephson left on October 26, 1887, to return to

bring Nelson and all that might be surviving of his men.
Mr. Stanley on the following day started for the lake,

leaving Parke behind to attend to the sick army that

Jephson was to bring up from Nelson's Starvation Camp,
and then Jephson was to press on after his chief with all

the then available men. Parke now found himself little

better than a prisoner in the hands of the Manyuema,
with the prospect in store of his troubles being increased

by the return of the invalids with Jephson, and the addi-

tional horror of knowing that all he obtained from the

Manyuema in the way of food could only be paid for by
drafts on an uncertain future. On November 3 Jephson
came into camp with Nelson, but with only three or four

of the band of fifty-two who had been left behind at

Starvation Camp. This frightful destruction from starva-

tion took place at a spot within, even for feeble men, a

three days' journey from their friends at Ipoto. On
November 7 Jephson left Ipoto with forty-eight men,
leaving Parke and Nelson behind with twenty-four

cripples and three boys. For nearly three months long
these men had to live through the greatest miseries and

privations ;
sickness added to semi-starvation made exist-

ence almost insupportable, and the reading of this por-
tion of Parke's notes is about the most saddening in the

book. It is a pity that it should be interrupted by some

eighteen pages of a very second-rate account of "
bac-

N
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teriology
"

; but we almost forgive this irrelevant intrusion

in admiration of the way in which he bore his many and

great trials
;
and we find ourselves happy when we read

that on January 25, 1888, Stairs appeared on the scene

with a column of fine-looking men, fat, muscular, and

glossy-skinned, these being the very same who had left

Ipoto as skeletons only three months ago.

Ipoto was left without regret, but with friendly farewells,

on January 27. Stairs's able men had the boat to carry ;

. the feeble folk crawled on as best they could
;
some days

two miles, other days three or four, or even six, would be

got over
;

one day one man would lie down and die,

another day two would follow the example ; but at last,

on February 8, Fort Bodo was gained.
Mr. Stanley and Jephson had it in excellent order;

six tons of Indian corn were stored up in the granary ;

there was a rich supply of plantains over a radius of a

couple of miles ;
there was a good water supply, and even

a stock of milch cattle, three cows, and about twenty

goats. The camp was in a clearing of the forest
;
a plan

of it will be found in
" Darkest Africa

"
; there was one

road leading to , it from Manyuema, and another which

led in the direction of the Albert Nyanza ; the huts were

good ; each had a good veranda, which furnished some
shade. While arrangements were being made for Mr.

Stanley's second visit—this time with the boat—to the

lake, he took seriously ill
;
and it was a month before,

thanks to his constitution and the care of his doctor, he

was again able to think of advancing. Nelson was then

left in care of the fort. Stairs had been sent back to

Ugarrowa's camp to bring up the men who had been left

there, and he was to abide with Nelson at Fort Bodo
until Stanley's second return.

On April 2, 1888, the second march to the Albert

Nyanza began ; the force numbered 122. In eight days
the Ituri River was reached, and on the next day the

open plain, and for the first time for twelve months
Parke was out of the dark forest.

We need not dwell on the journey through the hilly

country, on the first views of the Mountains of the Moon,
and of the lake, nor of the meeting with Emin Pasha,
for all these facts have been related at greater length in

Mr. Stanley's volumes, but it being arranged that Stanley
should return to Yambuyafor the rear column, and bring
them up to the lake before the general return to Zan-

zibar should be commenced, he and Dr. Parke started

back through the forest on May 24, leaving Jephson
behind with Emin Pasha

; the men at this time appear
to have been in good condition, so that Fort Bodo was
reached in about ten days' march ; the natives on the

route back were friendly, and one day was devoted to

helping some of the chiefs in a feudal fight.

At Fort Bodo, Stairs and Nelson were found "
looking

fit," but many of the people, some of whom had been

brought by Stairs from Ugarrowa's camp, were suffering

from fever and bad ulcers. From this fort Mr. Stanley

departed on his memorable journey to Yambuya on

June 16, leaving Stairs in command at Fort Bodo, with

Nelson and Parke to assist. Fifty-seven men were left

in their charge, and Stanley's directions were that when

Jephson came to Fort Bodo, which he had arranged to

do within two or three months, then all the party were, as

soon as could be, to return with all the loads to the lake,
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and remain there with fimin Pasha until Stanley came

up from Yambuya. This part of the volume is full of

interest, as it gives us for the first time an idea of how a

period of just over six months was spent in this fort ; for,

as matters turned out, Jephson with Emin Pasha being
made prisoners, was unable to come to them, and they

waited in some impatience, until at last the leader himself

appeared with the remnant of the party from Yambuya.
Parke accompanied Stanley on his way to Yambuya as

far as the Manyuema camp (Ipoto), to collect some of

the goods which had been left behind during his former

residence there.

From Ipoto Mr. Stanley went west, and Parke returned to

Fort Bodo, bringing with him not only the goods he went

back for, but some seed rice, some goats, and, not least, a

female dwarf, one of the pygmies, whom he had purchased
for a handful of beans, twelve cups of rice, and six cups
of corn. He also had full instructions from his chief;

among these latter were orders to
"

Plant, sow, and plant,

as though you were going to make a long stay at Fort

Bodo. If Jephson comes, well, you can go along with

him. If Jephson does not turn up, you have abundance

of food for yourselves." It took Parke ten days to get

back to Fort Bodo, and on July 6 the long watch began.

By August 9 the men were so broken down by the

prevailing ulcers that it was impossible to go out after

any game, for there were not enough of them to form

a guard ; twenty-five were "
badly sick

" out of the

fifty-five. There seems, judging by the statements on

p. 256, to have been a somewhat slack surveillance of

sanitary matters about the camp, which, from the plan

made by Stairs, was one apparently easily kept clean ; a

stream aboundingin small fish ran not far away ; but Parke

declares that
"
the Zanzibaris owe a great deal of their

physical ill-being to their timidity and laziness." The
officers in charge did not by any means escape their

share of sickness, and first Parke was laid up, and then

Nelson, and lastly. Stairs. On September 5, Ali Jumba
came to Stairs and told him that the inen proposed, first,

that fifteen of the strongest of them should go with one

white officer to the edge of the forest, and, if they found

the natives friendly, that they should then push on to

Emin, asking him to come on and relieve the others at

the fort ; or, seco;idly, that all the men should leave the

fort, and convey the loads by a system of double journeys,

until they should arrive at some good banana plantation,

where they should make a camp, and remain until re-

lieved either by Stanley or Jephson. The men made these

proposals, because they said they could get little or no

food at Fort Bodo, and that they would die of starvation

unless some move was made.

On a consultation, it was resolved that neither of these

ideas of the men were practicable, and that there was no

fear of starvation, as there was corn already in store to

furnish a small quantity to each man of the party until

the new corn should be reaped. When October came,
all hopes of Jephson making his appearance were aban-

doned, and no thoughts as to the true cause of his non-

appearance seem to have entered their minds.

December 18 was the day on which Mr. Stanley said

he expected to return to Fort Bodo, and on the 20th he

appeared. He was looking careworn and haggard to an

1 extreme degree. Bonny was the only one of the stafT
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with him
; and there now came the sad story of the

sorrowful fate of the rear cohimn. The long confinement
in the fort had at last come to an end

; and after but
three days, which were spent in getting in stragglers and

packing up, Fort Bodo was burnt, and this little oasis of

cultivation in the dark forest was abandoned to its fate.

By January 9, 1889, Kandekore was reached, the pro-

gress being but slow, owing to the number of sick men,
and here Parke was left again in charge of what he calls a
" Convalescent Home," with Nelson to keep him com-

pany. This " Home" was made fairly comfortable, and
was not left until February 12, when Rashid, the head
chief of the Zanzibaris, arrived from Mr. Stanley with a

number of Zanzibaris and Mazambonis. Parke now
heard for the first time of how Emin Pasha and Jephson
had been taken prisoners, and had been sent to Rejaf.
All hands were soon employed procuring food for the

next few days' march, and Kandekore was abandoned on
the 1 2th, the party joining Mr. Stanley on February 18.

The much-wished-for journey to the coast commenced
on April 10. There was a mixed multitude, old people
and quite young children, but they were only well on the

march, when a return of the illness which brought Mr.

Stanley so near death's door at Fort Bodo, delayed the

expedition at Mazzamboni's camp until May 8. Some
difficulty was experienced in crossing the Semliki River,
which flows into the Albert Nyanza, the graphic account
of which crossing will be familiar to the readers of

Stanley's volumes. On August 20 the expedition was at

Usambiro, a missionary station, where a rest of a couple
of days was taken, and at which station Dr. Parke's regular

diary ceased, owing to an attack of ophthalmia, which

clung to him until he reached the coast. They arrived

at Bagamoyo on December 4, 1889, and here the un-

fortunate accident happened to Emin Pasha, who was

fortunate though in this, that Dr. Parke was near him,
and by his careful nursing and skilled attention brought
the Pasha through a most serious illness. After Emin
Pasha was in a fair way to recovery, Dr. Parke became

alarmingly ill, but was able to sail for Suez in January

1890, and arrived in Cairo on the i6thof the same month,
after an absence of nearly three years. The volume

appropriately finishes with a warm and grateful acknow-

ledgment of his great indebtedness to the several com-

panions of his dangerous journeys ;
of one and all of

whom he has something pleasant and kind to say. Under
trials and troubles of no ordinary nature that had so

constantly surrounded them, each did for the other what

he could, and long after the painful episodes are for-

gotten, those of a pleasurable nature remain, stored up
in the memory.
No man could wish for greater thanks than those

which Mr. Stanley paid his friend the doctor. The un-

qualified delight with which Mr. Stanley acknowledges
that his devotion to duty was as perfect as human nature

was capable of, is recorded in the first pages of " Darkest

Africa." These praises of his chief were echoed far and

wide among Parke's friends and associates at home, so as

if it were possible to make up for those many sad and

weary days spent by him in the forests and deserts of

Africa.

And now, if our task was only to lay before our readers

a brief account of what they will find in detail in this
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volume, it was at an end ;
but it appears to us to be our

duty not to leave certain features of this book without criti-

cism. After what we have written, it need not be insisted

upon that, as an officer of the Emin Relief Expedition,
Dr. Parke did his duty in a splendid manner, and it was
as a matter of right that a full measure of praise should
be meted out to him therefor. Opinions will differ if i

was equally his duty to publish all his rough notes, ex-

tending to over 500 pages, as a supplement to Stanley's
work ; and still more will opinions differ as to whether he
was at all entitled to give English-reading people the

contents of his note-book, making no change whatever in

them, excepting the necessary ones in the "
elementary

departments of orthography and syntax." We cordially

grant that the history of how this journal was put to-

gether demands and should receive many excuses for

"its many shortcomings in style and arrangement," but
we also think that the author should have hesitated long
and taken good advice before he printed all the facts and
statements that now must remain on record for ever, and,
we feel bound to add, many of which should never have
been permitted to appear in print in such a work.

Most of the blemishes to which we thus refer could

have been easily avoided by the smallest amount of care

in editing, indeed, the reader of the proofs might have

queried the repetitions and contradictions that cannot
fail to have met his usually sharp eyes ; others that it

might have been considered impertinent for such a one
to point out would have been pruned of their offensive-

ness by the suggestions of any cultured friend. It is

difficult without offence to be so plain-spoken as to fully

justify these remarks, yet the coarse allusions to certain

physiological and pathological phenomena in this volume
—not occurring here and there, but scattered very gener.

ally through it
—must plead our justification. No doubt

but in the journal of a medical officer one expects to hear

of the diseases to which those under his charge suc-

cumbed, and of the various accidents which befell them,
and we could pass by the tedious little repetitions of

such, as being the result of a day-to-day record
; but no

such excuses are possible for such references as those

about the Monbuttu pygmy during the preparation for

operating on Lieutenant Stairs ; and it may be, perhaps, a

matter of taste if particulars such as are given of the

condition of the author when ill at Fort Bodo, or of

Nelson's sufferings and his own at Ipoto, are in good

style, except in a professional treatise.

It is also a subject of profound regret, but not one for

censure, that our author seems to have had no know-

ledge of animal or plant life, nor even, unless when in the

company of Emin, any taste for a study of his fellow-man
;

we might add that he even exhibits a contempt for such

studies, for on more than one occasion he alludes to

Emin's natural history investigations as "
bug hunting" ;

Had it been otherwise, what opportunities there were for

destroying that monotony from which he suffered, and

what value even some slight knowledge of plants might
have been to one who for months had to subsist on

vegetable food ; even the knowledge that the pygmy
woman possessed was of some service, and she evidently

was intelligent enough to have enabled the author to

have made out with her aid a short vocabulary of her

native language.
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The account of the few scraps of the leaves and stems

of the plants used by the pygmies to poison their arrow-

heads, and of those used as antidotes against these

poisons, which had been collected by Parke, is by Mr.

E. M. Holme, and is reprinted from the Pharmaceutical

Society of Great Britain's Journal. The poisons were

prepared from the bark of Erythrophlceum guineense,

Don., from the leaves of probably Palisota bariert,

Benth., from the bark and stem of the tips of the

young shoots of a thorny creeper, possibly belonging
to the genus Combretum, from the scrapings of the

bark of some unknown species of Strychnos, and lastly

from the seeds of the first-named tree. The antidote to

this poison-extract was prepared from the leaves and

young bark of three distinct plants, but the material

brought back by Dr. Parke was not sufficient to allow

of even a guess being made as to two of them, and
Prof. Oliver suggests that the third may belong to the

genus Unona. The illustrations throughout the volume
are feeble, if we except the two charming sketches by
Mrs. Stanley, and the view of Ruwenzori from a sketch

by Stairs
;

but the rest of the illustrations are of the

ordinary make-up type that we do not nowadays expect
to find in a serious book of travels.

THE A USTRIAN ECONOMISTS.
An Introduction to the Theory of Value. By William

Smart. (London : Macmillan and Co., 1891.)

IT
has recently become generally known to English
students of economics that a school of writers

•existed in Austria, who strenuously opposed the more
extreme views of the German historical school, and
devoted their attention to the study and improvement
of economic theory. By enabling a larger number of

English students to acquaint themselves with the writings
of the Austrian economists, Mr. Smart, who is Lecturer

on Political Economy in Queen Margaret College,

Glasgow, has conferred on them no inconsiderable

service. He has already translated the acute and

instructive, though difficult and perhaps excessively

polemical, treatises of Dr. Bohm Bawerk, on the nature

of capital and of interest ; and now, in the little volume
before us, he introduces us to a theory of value "on the

lines of Menger, Wieser, and Bohm Bawerk." The theory,
he states in his preface,

"
is that enunciated by Menger

and Jevons, and worked out by Wieser and Bohm
Bawerk." It claims to give a more adequate explanation
of value than that formerly supplied in economic treatises.

It approaches the problem from the side of demand,
rather than, like Ricardo and his followers, from that of

supply. It declares that "value depends entirely on

utility," and that the kind of utility, which is all-important
in determining value, is "marginal utility." This con-

ception, which may be found in the pages of Jevons'
''

Theory," under the title of "
final utility," has certainly

proved in his hands and in those of his English suc-

cessors, and his Continental forerunners like Gossen,
and contemporaries like Walras, to be a very suggestive

and fruitful conception ;
and its discovery and exposition

may be fairly said to have revolutionized one side of the

problem of value—which is the central problem, so to
j
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say, of economic study. The conception is more fully

elaborated and more sc'entifically expounded by the

distinguished writers who compose the Austrian school,
and Mr. Smart traces the outlines of their theory with

care and lucidity.

Value, as he shows, may be subjective, or relative to the

well-being of a person, or objective, when it forms a

relation of power or capacity between one good and
another. The "valuable" and the "useful" are not

synonymous terms, but the latter is a larger class

including the former, where the useful is so limited as to

be the indispensable condition of satisfaction of a want.

The scale of value, accordingly, differs from a scale in

which wants are classified as "
necessaries, comforts, and

luxuries"; for the "fundamental and limited wants of

life
"
are "

precisely the ones for which Nature makes the

most abundant provision." It is the want which is least

urgent among the wants satisfied, which measures the

value of a good; in other words, it is its "marginal
utility." But we must be sure, in estimating this

marginal utility, that we know what is really the good we
are valuing. A good may be put, perhaps, to different

and distinct kinds of uses. The highest use will then

have the preference, and the "
marginal utility" will only

be determined respectively along the distinct subordinate

lines of the various uses. Or, again, many, and perhaps
most, goods are "

complementary," in the sense that

several contribute to one satisfaction ; and the determina-

tion of their separate value becomes in consequence far

more complex ; and, when we pass from subjective to

objective value, the complications increase in number and

variety, although one and the same fundamental law still

holds good.
In this, and other similar ways, the Austrian eco-

nomists have undoubtedly succeeded in giving a more
scientific character and wider range to the conception
of final or marginal utility. But the question still remains,
whether they have fully solved the problem which they
have set themselves to determine. They will only allow

the older doctrine, which found an explanation of value

in "cost of production," to be regarded as strictly sub-

ordinate to the principle of "
marginal utility." The

" causal connection," they maintain, runs from product to

cost, and not from cost to product. Consumption is the

final object and aim of production, and the side of demand
is more important than that of supply. And so it is
"
marginal utility," which is the '•'

unive/sal and funda-

mental " law of value, and " cost of production
"

is a
"
good secondary law as regards the vast majority of

goods produced"; and it is so because goods of the
" second" and "higher orders," as they distinguish the

goods which are the means and materials of production
rather than the articles of immediate consumption, may
be employed in the production of more than one kind
of goods of the "first order."

But it is doubtful whether the Austrian economists
have really grasped, in its fulness, the conception of cost

of production which was formed by Ricardo and his

followers ;
and whether, by insisting on the exclusive

importance of "
marginal utility," they are not giving us

a one-sided representation of the facts of the case. In
the eagerness with which they have seized and proclaimed
the new ideas, it is doubtful whether they have not unduly
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neglected the old ; and whether a combination of what

is sound and true in both may not rather be needed in

order to attain the whole truth. It is doubtful whether

supply does not react upon demand as much as demand
on supply ; whether the consideration of disutility,

implied in the conception of cost of production, is not

equally important with that of utility, and equally de-

serving of distinct investigation ; whether, in fine, the

efifortsand exertions of producers to supply wants are not

3^s potent a factor in advancing civilization, and as creative

of new wants, as the pressure of wants and desires them-

selves. The Austrian writers allow so much—though

perhaps they here exhibit some lack of distinct statement—
to the influence of "

cost of production," that they might, it

would seem, go a little further, and place it on an equality
with the principle of marginal utility. They would then,

perhaps, recognize what Prof. Marshall, in his broader,and,
as it appears to us, more philosophic, exposition of value,
calls the fundamental symmetry of the laws of the forces

working on both sides, which is exhibited in the analogy
between "

marginal utility
" and "

marginal cost of produc-

tion," and a law of "diminishing returns" and one of
"
decreasing utility." They would, in short, without sacri-

ficing altogether the vast amount of trouble bestowed by
Ricardo and his followers on one side of the problem,assign
a proper, and not an exclusive, emphasis to the side which

they had themselves done so much to elucidate. For
these reasons we consider Mr. Smart's modest conclusion
—that "the last word on value has not been said by the

Austrian school"—to be as sound and as pertinent, as his

exposition of their views is clear, pointed, and suggestive.

OUR BOOK SHELF.
Across Thibet. By Gabriel Bonvalot. Translated by C.

B. Pitman. Two Vols. (London : Cassell and Co.,

1891.)

After the return of M. Bonvalot and Prince Henry of

Orleans from the East, so much was said of their journey
that we need not now repeat any of the details of M.
Bonvalot's narrative. It may suffice for us to commend
the book very cordially to the attention of readers who
like to wander in imagination with travellers in remote

parts of the world. M. Bonvalot, as his translator says,
has those qualities of courage, self-command, tenacity,

knowledge of human character^ and good humour, which
go to make up the successful traveller

;
and he writes of

his achievements so simply and naturally that there is

nothing to interfere with the reader's full enjoyment of
his story. The travellers, as everyone interested in geo-
graphical exploration will remember, started from the
frontiers of Siberia, and in the course of the journey which

brought them to Tonquin passed right through Tibet.

Their route lay to some extent over ground which no

European had ever before traversed, and this is, of

course, the portion of his subject on which M. Bonvalot
writes most carefully and effectively. The work has been
translated in a clear and pleasant style, and it is enriched
with many interesting illustrations.

Light. By Sir H. Trueman Wood, " Whittaker's Library
of Popular Science." (London : Whiltaker and Co.,

1891.)

We have here a popular and interesting account of many
of the facts relating to the nature and properties of light.

The subject is treated in a way that will induce many
readers to glance through its pages, even if they do not
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more carefully peruse it ;
while many a more advanced

student will read the chapters on double refraction and

polarization, lenses, and interference and refraction. Of
other points touched on, we may mention spectrum
analysis, optical instruments, chemical efTects of light,
fluorescence and phosphorescence

—all of which are

delightfully treated by the author.

In the appendix will be found a list of the more ele-

mentary and popular works on the subject, which should

prove useful to those who wish to extend their knowledge.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Nature.
No notice is taken of anonymous communications. ]

Opportunity for a Naturalist.

Will you allow me to say that the letter which you kindly
inserted under this head in your issue of December 24, 1891

(p. 174), has brought me many replies? After considering
them, I have made arrangements with Mr. O. V. Aplin (mem-
ber of the British Ornithologists' Union, and author of "The
Birds of Oxfordshire") to proceed to Uruguay in August next.

Mr. Aplin will reside for six months on an estancia in the pro-
vince of Minas, and devote himself primarily to birds, but will

also collect, insects and plants. P. L. SCLATER.

3 Hanover Square, W.

Dwarfs and Dwarf Worship.
In the slow course of post in this Protectorate I have just

received copies of the Times of September 3 containing Mr. R,
G. Halliburton's paper on " Dwarf Races and Dwarf Worship,""
and of September 14 and 22, containing subsequent correspond-
ence on the same subject. Having crossed the Atlas Mountains
at several different points, and approached the district which is

indicated by Mr. Halliburton as the original home and hidden

sanctuary of his diminutive and venerated people, I have read

his paper with much interest and may perhaps be permitted to

criticize his conclusions. My chief during my expedition to

Morocco, that distinguished traveller Mr. Joseph Thomson, is,

I believe, at present in Katanga, and therefore more inaccessible

than I am ; but when he is able to -speak on the subject, his

judgment on the case which Mr. Halliburton has very elaborately
set up will not, I am confident, be different from mine.

Mr. Halliburton begins with a statement that is at once

startling and decisive. The information he has collected puts it,

he says, beyond question that there exists in the Atlas Moun-
tains, only a few hundred miles from the Mediterranean, a race

of dwarfs only 4 feet high, who are regarded with superstitious
reverence or are actually worshipped, and whose existence has
been kept a profound secret for 3000 years. Such an emphatic
assertion ought to rest on clear and irrefragable evidence ;

and I

read Mr. Halliburton's paper in constant expectation of the

proofs of his remarkalile discovery, but reached the end of

it without coming on a shred of testimony in support of his

contention, of the slightest value to anyone acquainted with
Morocco and the Moors. The paper is highly discursive, and
abounds in what seem to me far-fetched and irrelevant specu-
lations, on the connection between ancient Moorish poems and
Greek mythology, on the derivation of the Phoenician deities,
and on the meaning of Moorish habits and customs ;

but the

only evidence, confirmatory of its thesis, adduced in it and in

Mr. Halliburton's subsequent letters, amounts to this : that six

Europeans have seen dwarfs in Morocco
;

that an indefinite

number of natives have romanced about dwarfs in their usual

way ; that there are in Morocco artificial caves—presumably
dwellings

—of such small size as to suggest that they must have
had very short inhabitants ; and that there have come down to us

from antiquity traditions as to Troglodytes who dwelt in the
Atlas Mountains.

Mr. Halliburton's European witnesses are unimpeachable ;.

and had my friend Mr. Hunot, whose knowledge of the

country is extensive and accurate, distinctly said that there is a
race of dwarfs in Morocco, I should not have ventured to con-^
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tradict him. But all that Mr. Hunot says, in the long para-

graph quoted from his letter, is that he recollects an adult dwarf
of about the height of a boy of ten or eleven years of age who
lived and died in Mogador. All that Captain RoUeston says is

that he saw in Tangiers a dwarf of about thirty-five or forty

years of age 3 to 4 feet in height, and of an unusually

light complexion. All that Mr. Carleton says is that he has

seen a dwarf at Alcazar. All that Sir John Drummond Hay
says is that he hunted up at Tangiers some Sus and Dra people
who had seen dwarfs. All that Miss Day says is that she had
done the same at Telcmen. All that Mr. Harris says, of his

own knowledge, is that he has seen two dwarfs—one at Fez,
about 4 feet 2 inches in height, and of a light brown colour

;
and

the other, about whom no particulars are given, somewhere in

the country. All that Miss Herdman, whom I had the pleasure
of meeting at Fez, says is that she has never seen a dwarf in

Morocco, but that she has heard of on£, and has drawn out

tales about a tribe of dwarfs from her native servants. All that

Mr. Halliburton himself says to the point is that he has seen

and measured a very timid and obliging dwarf of about thirty

years of age, 4 feet 6 inches in height, and of a peculiar reddish

complexion, in Tangiers.
Let me add to Mr. Halliburton's list of European witnesses.

I have myself seen two dwarfs in Morocco—one in Fez, and the

other in some northern town (I cannot for the moment recollect

which, and have of course no papers to refer to). The first of

these might perhaps have passed as a true dwarf—a man of small

size, but well proportioned, like Tom Thumb ; but the other

was certainly a disease-dwarf, with a large unshapely head and

trunk, and little bowed legs, like Canny Elshie, or the Wise

Wight o' Mucklestane Moor. Rickets are not unknown in

Morocco. I have no doubt that that malady is common in

certain districts periodically visited by famine or devastated by
war, and in which infant feeding is not conducted on scientific

principles ; and the probability is that men and women of

stunted and distorted growth are more numerous in proportion
to population in Morocco than they are in England. The
wonder is to me that the number of instances of the occurrence

of dwarfs in Morocco, which Mr. Halliburton in his long-
continued researches has been able to establish, is so exceedingly
small

; and that one dwarf, for example he of Fez, has, like a

stage army, to do duty several times over. But had he suc-

ceeded in identifying ten times the number of dwarfs that he
has actually traced out, he would only have proved that dwarfs

exist in Morocco as in all other ountries, and would not have
advanced a step towards proving his proposition that there is a

tribe of dwarfs in the Atlas. I know a little Scotch town in

which there are three dwarfs ; but it would be scarcely legiti-

mate to infer from that fact that there is a concealed clan of

MacManikins in the Grampians. That the dwarfish condi-

tion in the dwarfs described by Mr. Halliburton was an acci-

dental variation, and not a racial characteristic, is rendered more
than probable by the fact that two of them—the only two who are

reported to have had families—had offspring of normal stature.

The native reports about dwarfs and dwarf tribes, which Mr.
Halliburton sets forth in much detail, are obvious fictions—of the

kind which the professional story-teller pours forth copiously
every day in the Soko in scores of Moorish towns and villages,

only adapted, of course, to the requirements of an eager English
listener. The names of the reporters are not given, nor are

the opportunities they possessed of obtaining the information

they convey explained ; while some of the practices they attri-

bute to the dwarfs—such as finding of treasure by writing on

wood, and the feeding of horses on dates and camels' milk with

the view of rendering them swift of pace
—I have heard ascribed

to tribes in the Atlas that are certainly not composed of dwarfs.

Morocco is the hot- bed of fable, and infested by the cock-

and-bull, and I can picture to myself the grave delight with

which the natives questioned by Mr. Halliburton would stimu-

late his curiosity and then satisfy it. Mr. Halliburton empha-
sizes the fact that he is a Q.C., and accustomed to cross-

examination
;
but British perjury and Moorish mendacity have

little in common, and are to be fathomed by entirely different

methods. The way in which he measured the Tangiers dwarf,

Jackin (he actually took 2 inches off his height because a native

who was present told him that Jackin had raised his heels to

that extent while being measured), casts some doubt on his

powers of observation ;
while the extracts from his diary show

that no process of sifting has been carried out, but that every-

thing favourable to his theory has been thankfully received. I

would undertake to collect in Morocco in a month's time native

testimony in support of the existence of a tribe of giants in the

Atlas, or of a tribe of men with six digits on each hand, quite
as specious and convincing as that which Mr. Halliburton has
accumulated in favour of the existence of a tribe of dwarfs.

Even if the natives interrogated by Mr. Halliburton had no
wish to deceive or to please him, much would depend on the

intelligence and honesty of his interpreter, and on the exact

terms employed. Only those who have tried can realize how
difficult it is to get precise information on any subject out of

natives of Morocco.
If the caves in Morocco are to be regarded as at one time the

dwellings of dwarfs, then it is clear that dwarfs must at one
time have been in complete possession of the country, for such
caves are to be found all over it. The most remarkable of

them which I have visited at Tassimet, about two days' journey
from Demnat—caves whichEuropeans had never before explored,
and which were excavated in a rock by the side of a waterfall—
were in many instances too small even for the accommodation of

dwarfs
;
and as they yielded to our digging fragments of bone

and of pottery, it seemed probable that they had been places
of sepulture and not of habitation. Such caves have also un-

doubtedly been used sometimes for the storage of grain, like the

underground metamors
;
and the invariable answer returned to

our inquiries about their origin was that they had been made by
the Romi, or Christians. Never on any occasion did I hear them
ascribed to dwarfs.

The classical tradition that there were dwarfs in the Atlas is

unworthy of serious consideration in the absence of any observa-

tion suggesting that it had other than an imaginative foundation.
"
Nearly all the myths of Greece," says Mr. Halliburton,

" are

laid in Mount Atlas," and monsters more extraordinary than

dwarfs must have dwelt there if these myths are to be received

as of historical authority.
I have tried to prove that the evidence given in favour of the

existence of a tribe of dwarfs in the Atlas is utterly trivial and

untrustworthy ; and I shall now endeavour to show that the

evidence that can be called to discredit that hypothesis is cogent
and convincing. The dwarfs are described by Mr. Halliburton

as brave, active, agile, swift-footed, as possessing a vigorous
breed of ponies, as experts in the pursuit of the ostrich, and as

trading in the Sahara and at Tassamalt. Is it to be believed

that being all this, and being very numerous—there are, Mr.
Halliburton says, about 1500 of them in Ait Messad, about

1500 at Akdeed, about 1000 at Ait Messal, about 500 at Ait

Bensid, and about 400 in three Akka villages
—is it to be believed,

I ask, that these swarming and enterprising dwarfs would have
allowed themselves to be bottled up in a cleft in the Atlas

Mountains, so that only half-a-dozen specimens of them have

found their way to the great towns to the north of the Atlas,

where are to be found numerous representatives of all the other

Atlas tribes ? Is it to be believed again, that the existence of such

a peculiar and notorious tribe, known, Mr. Halliburton tells us,

to all Moors, should have been concealed from all the inquisitive
travellers who have penetrated into the interior of Morocco, to

be revealed to Mr. Halliburton standing at its outer gateway?
Leo Africanus, whose account of ^iorocco is marvellously
minute and accurate, and who enumerates its tribes, has not a

word to say about dwarfs. De Foucauld, who visited Akka, is

equally silent about them ; and so is Rohlfs, who explored the

valley of the Dra. Not one traveller in Morocco has ever heard

even a rumour or dark hint relating to them.
Thomson and I spent some months in the Atlas in constant

communication with natives of every class, and in all the strange

legends, histories, and adventures narrated to us by the camp
brazier, in the fondak or the kasba, there was never a distant

reference to a Moorish Liliput ; and be it remembered our

servants knew that we had a keen eye and ear for curios,

human and inhuman. In all our wanderings in the Atlas we
never met a dwarf, and indeed, at a great gathering of people
at which we were present, at the feast of Aid el Assir at

Glawa we were much struck by the height of the men. Mr.

Aissa, who is quoted by Mr. Halliburton as having seen one of

the tribe of dwarfs east of Demnat, was our interpreter for three

months, and conversed with us with the utmost freedom on all

conceivable subjects, and he never adverted to this dwarf story.
I have had several long talks with Mr. Hunot, whom Mr. Halli-

burton also quotes
—convers itions covering a wide range of

topics, amongst them the origin of the caves already alluded to—
and he certainly at that time had no belief that they had ever
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been tenanted by dwarfs, or that there was any dwarf tribe in

the country. It is especially noteworthy that Da Bekr, the
confidential agent of the British Government at the Court of
Morocco, replied to Sir William Kirby Green that no Moor had
ever heard of a race of dwarfs in the country. Sir William
knew hiw to interrogate a Moor, and as he accepted Du Bekr's

statement, I have no doubt that Du Bekr was speaking the truth.

Until the existence of a race of dwarfs in the Atlas Mountains
is proved, it is idle to indulge in guesses at the reasons which
have led to the fact of its existence being jealously kept secret ;

so I shall not follow Mr. Halliburton in the argument by which
he seeks to show that the race has been regarded with supersti-
tious reverence, and so kept apart. In all countries, at all

times, I believe dwarfs and deformed persons have been looked
at askance by the ignorant and superstitious. In Scotland they
were regarded as fairies of a brutal and malignant type ; and in

Morocco I have no doubt they have been credited with the

possession of the evil eye and of other pernicious powers. But
to maintain that a tribe of them has ever been held sacred and
worshipped in the heart of a Mahometan country that is fiercely
fanatical is to do violence to our fundamental conceptions of
Islam.

Mr. Halliburton's statements about the origin and habits of
his supposed tribe of dwarfs are not more worthy of discussion
than his theory of the causes which have led to their conceal-
ment. They are derived from native sources of the most tainted

description, and are either pure inventions, or concoctions of
truth and falsehood. We are told that a tribe of acrobats—the
Ait Sidi Hamed O Moussa (the tribe of the son of Moses)— is

an offshoot of the Aglimien dwarfs, living between the Dra and
Akka; that they are a rather small race with a light red com-
plexion ; and that dwarfs perform with them in Southern
Morocco, but avoid the coast towns where Europeans are ; and
that they are smiths and tinkers. Now, the paragraph setting
forth these statements contains just as much error and confusion
as it is possible to cram into so many words. The Sidi Hamed
O Moussa are not a tribe at all, but the followers of a saint
whose Kuba is not far from Taradant. Their troupes are made
up of men drawn from various parts of the country; and it

would be as correct to regard the Jesuits as a tribe, and describe
their ethnic characteristics, as it is to assign distinctive features
to the Sidi Hamed O Moussa. Then, as a matter of fact, they
are not unusually small men, they are not smiths and tinkers,
and they never have dwnrfs performing with them either in town
or country. I saw several troupes of them in Southern Morocco,
and can testify that they are of average size and of the usual
Moorish tint; that iliey follow a more profitable trade than
that of tinkering ; ami ihat they have no dwarfs among them.

Mr. Halliburton sirongly advises European travellers and
touris's to abstain from any attempt to enter the districts of
Morocco inhabited by the dwarfish race, as they would inevitably,
while doing so, be murdered or robbed, whether Moslems, Jews,
or Christians. The advice is judicious, for open-mouthed
travellers of any persuasion, in quest of dwarfs, are not unlikely
to be murdered or robbed in any part of Morocco except in those
coast towns to which Mr. Halliburton has apparently confined
his own wanderings in the country. European travellers of
another sort, however—resolute, incredulous men, explorers, and

pioneers of trade and commerce— will certainly before long
penetrate all those regions where the dwarfish race has been
located by Mr. Halliburton. Remembering what I have heard
on good authority of the resources of some of those regions, and
the indications I have seen of the mineral wealth of that region
to the south of the Atlas where Mr. Halliburton has placed the

original home of his dwarfs, I feel disposed to exclaim, like

the old sailor in Millais's famous picture "The North-West

Passage": "It can be done, and England ought to do it !

"

When, however, these regions are opened up, I feel sure that,

amongst much that is wonderful in them, there will be found no
tribe ol dwarfs hemmed in by religious sentiment.

To those interested in the generation and growth of myths in

modern times, and under Congress culture, Mr. Halliburton's

dwarf-story cannot but afford an instructive study.
Harold Ciuchton-Browne.

Macloustie Camp, Bechuanaland, November 15, 1891.

Sun-spots and Air-temperature.

It is now widely believed by meteorologists that a certain

relation exists between the solar sun-spot cycle and the air-tem-
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p'erature of the earth, such that to a minimum of sun-spots cor-

responds, approximately, a maximum of air-temperature, and
vice versa. From the comprehensive researches of Dr. Koppen
on the subject some time ago, it appeared that this relation is most

clearly proved in the case of the tropics, the evidence becoming
less as we go north and south. Mr, Blanford showed recently
in Nature (vol. xliii. p. 583) that the evidence in the case of
India has of late years greatly increased in force.

In a climate so variable as ours it is not, perhaps, to be

expected that the existence of such a relation should be very
patent and obvious. And there may be some legitimate doubt
whether its existence has yet been demonstrated. It is in the

hope of possibly advancing the matter somewhat that the fol-

lowing facts are presented.
If we decide to take for our consideration a part of the year

instead of the whole, we shall naturally select the hotter part ;

the part in which the solar action is greatest (just as we might
expect to find, and d > find, better proof of the relation in tropical
than in cold countries). I select the four months June to Sept-
ember. The data used are, Mr. Belleville's observations of

Greenwich mean temperature from 1812-1855, which are, it

should be noted, .reduced to sea-level (see Quart, journ. of the R.

Met. Soc, January 1888, p. 27), and thereafter the ordinary
Greenwich figures. The average difference (about half a degree)
does not materially affect the purpose here set.

Taking the mean temperature of those four months, and

smoothing the values by means of five-year averages, we get the

second, thick line curve in the upper diagram herewith. The
dotted line curve is that of sun-spots, inverted {i.e. minima
above and maxima below). The vertical scales for these are

both to the left.

There is evidently a correspondence between these curves as

far as about 1870 ; maxima of temperature lagging a little, as a

rule, behind minima of sun-spots, and minima of temperature
behind maxima of sunspots. Since about 1870, the correspond-
ence appears to fail. We look for a temperature-maximum
about 1879, and we do not find it.

A consideration of the rainfall here seems instructive. The
smoothed curve of rainfall in those four months (third in the

diagram ;
Chiswick to 1869, thereafter Greenwich) is, in

the main, roughly inverse to the temperature-curve, as we

might expect. Yet it is difficult to trace a very definite re-

lation between it and the sun-spot curve. Thus, consider

the three most salient "crests" in it. The first (in height
as well as time), in 1829, is close before a sunspot maximum,
1830. The second (least salient of the three), in 1861, is close

after a sunspot maximtiiii, i860. The third, in 1879 and 1880,
is close o/Z^r a sunspot miniiimm, 1878. These rainfall varia-

tions, indeed, seem to be under some different law, and it will

be observed that the last crest comes (the first example in the

whole period) just about wheie we should expect, from previous

experience, to find a temperature-maximum. The regular
variation of this curve in one direction for several years is a

noteworthy feature recently (in 1880 to 1885, and again in 1885
to 1889). Is the curve now near a maximum which will le

found to coincide with a further obliteration of the normal

correspondence between sun-spots and temperature?
We have thus far considered the group of four months, and

they seem to me to support the view under consideration. May
we further look for the relation in individual months?

Suppose we see reason in doing so, and make a selection.

The most likely month would perhaps seem to be July, as

having the maximum temperature ;
or June, as that month in

which the sun is highest.
On examining the smoothed curves of mean temperature for

each of those four months, we find that June and September
show a large amount of the correspondence with the sun-spot

curve, while the two others do not show much correspondence.
These two curves (June and September) are given in the lower

diagram, superposed ; the two vertical scales being at the left.

June, it will be noticed, presents a wave crest fairly correspond-

ing with each of the six, or seven, sun-spot minima. In the case

of September there is a pronounced failure at the sun-spot
minimum in 1878.
As a possibly good reason why September might show the

relation, while July and August do not (or not so well), I would

suggest the fact that September is the month with least cloud.

Between May and September, cloud increases to a small

secondary maximum in July.
The absence of a maximum of temperature in September
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corresponding to the sun-spot minimum in 1878 may, perhaps,
be connected, as in the case of the four months' curve, with the

rainfall. A smoothed curve of humidity for September rises,

I find, to a high maximum in 1880. The June humidity curve

does the same, and if it be therefore asked, why we should not

have a similar failure in that month's curve, I would invite

attention to the fact that the rise to the maximum in the humi-

dity curve for June is a rapid one from the absolute minimum
(reckoning from 1858) in 1876 ;

while the rise in September is

predicted time, given in Marth's ephemeris {Monthly Notices,
March 1891), is Sh. 32'6m., so that the spot was io'4m. late,

and this means a decided slackening in its motion of rotation

during the present apparition. On August 7, 1891, I saw the

spot pass the central meridian at lih. 32m., or only 2*3m. after

the time indicated in Marth's ephemeris. In the interval of

5 months, during which 362 rotations were performed, the mean

period has been gh. 55m. 42s., which is nearly i second greater
than the rotation period of this marking as observed here daring
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more gradual from an absolute minimum in 1870. Thus, the

wave in June corresponding to the sun-spot minimum in 1878
might be regarded as but partially formed, the growing humidity,
or rainfall, presenting its normal culmination.

However this may be (and 1 do not press these suggestions),
it has seemed to me desirable to submit the coincidences pre-
sented in the diagram (which I have difficulty in thinking wholly
fortuitous, and which are quite in harmony with the general view
enunciated by Koppen) to minds more competent to estimate

their nature rightly. A. B. M.

The Red Spot on Jupiter.

On January 4 last, at 5h. 43m., the red spot on Jupiter was
estimated to be on the central meridian of the planet. The

any previous opposition. In 1890 I determined the period as

9h. 55m. 40"2s., which differed very slightly from that derived

from my observations in 1887, 1888, and 1889. It now appears,
however, that a marked retardation has occurred, and it remains
to be seen whether this will be maintained until the close of the

apparition.
The spot continues to be a fairly conspicuous object, and it

retains its oval outlines, but it is not nearly so dark and definite

as it was in the years from 1878 to 1881.

Bristol, January io. W. F. Denning.

The Implications of Science.

Dr. MiVART complains that in my last letter I merely
affirmed without arguing. This is in a measure true as, to
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economize your space, I only gave the skeleton of the argu-
ment, but I hoped I had said enough to indicate at least the

general outline of my logical views. But as this seems not to

have been quite the case, may I now explain myself a little more

fully ?

I may remove a slight misunderstanding at once. I said our

knowledge of our own continuous existence in the present is to

each of us a necessary truth. Dr. Mivart reads this as if I had
written "our continued existence in the future"! That we
cannot be annihilated while we know that we are existing is,

as I shall presently show, not a mere consequence of the law of
contradiction. If this law is of any use at all in proving the

conclusion, it would certainly be useless without a second pre-
miss, viz. that we are existing ;

and this latter is the premiss
which is a necessary truth.

I suppose everyone will acknowledge that a definition is

essentially an arbitrary assertion, and that therefore a definition

can by itself give no real information. But a well-understood
term does not consist of a definition alone. Its definition may
be laid down, as a list of items of connotation (or denotation),
and the other part of its meaning, which may be called its

import, that is its denotation (or connotation) must be dis-

covered by experience ; and the knowledge so acquired is real,
not only verbal, knowledge. Now it is possible from a number of
definitions alone to deduce a series of propositions. These, like

the definitions from which they were deduced, give by them-
selves only verbal information—they are all truisms—and before

they can be made of any practical use, certain real assertions,

assigning real import to the terms, and so expressing real know-
ledge, must be added to the premisses. Thus, if we wish to

determine whether any given proposition is a truism, or conveys
real information, we have only to examine the definitions of its

terms. If these are found to be inconsistent with each other,
the proposition is a contradiction in terms, and must be re-

jected. If the definitions are not inconsistent, but are inde-

pendent of each other, the proposition can only be intended to

assert the identity of the import of its terms— it therefore con-

veys real information, which may either be true or false. Lastly,
if the definitions can be shown to be dependent on each other,
the proposition is equally true whatever import its terms may
have, or even if they have no conceivable import at all. It is a
truism. If, however, by the aid of other real propositions any
real import can be given to its terms, it may have objective, or

subjective, applications ;
but the objectivity or subjectivity is

introduced by those other propositions, and is not a property of
the original truism.

Take, for example, the proposition,
*'
Everything must either

' be
'

or ' not be ' "
; or the proposition,

" Twice two is four."
The truth of either of these proportions depends solely on the
definitions of its terms, as I pointed out in my last letter, and
this is why I cannot regard them as objective truths. Of course
I do not doubt that if I had lost an eye I should not remain in

the same condition as I was before. Bui, although "no man
out of Bedlam would suppose a statement of a general law
would inform us about a concrete thing," this is precisely what
Dr. Mivart does if he regards the above proposition as depend-
ent solely on the law of contradiction. Does he not see that he
added the objective element to that law in the phrase,

"
if he

had lost an eye
"

? "Much virtue in If." The status of the

proposition, "Two straight lines cannot inclose a space,"
similarly depends on the definitions of its terms ; but, as I

pointed out in my last letter, these terms may be defined in two
different ways—either by dependent definitions, so making the

proposition a truism, or independently so as to make it a real

assertion, in which case it might conceivably be false. Dr.
Mivart apparently takes the former set of definitions, and then

implies that I deduced the latter result from them, which, if he
reads my letter again, he will find not to have been the case.

In reply to Miss Jones, I may point out—
(i) It most certainly is merely a verbal convention when Miss

Jones says,
" A and a '

are not applicable to the same thing.'
"

She had herself just before laid down the convention in ques-
tion, in the phrase, "If A signifies the negation of a (whatever
A may stand for)."

I do not know why Miss Jones should imagine that I think
that

" assertions (or denials) of the
'

existence
'

of particular

objects are the only real propositions," but perhaps she will

understand my view better when she has read this letter.

(2) I certainly hold that "
inductions have no logical justifica-

tion whatever," if by "logic" is to be understood formal, or.

as I prefer to call it, symbolic, reasoning. The essence of in-

duction, in my opinion, is the assumption (at first arbitrarily) of

an hypothesis to account for observed facts— that is, ultimately,
of directly apprehended sensations. The full significance of the

hypothesis is elucidated by symbolic reasoning, and the ennmer-
alio simplex is applied to the results of this reasoning, and does

not, therefore, appear quite in the simple form exhibited by Miss

Jones. But it remains equally true that no induction can ever
lead to a necessary truth.

(3) Miss Jones's view of mathematical reasoning is exactly
that which I wish to combat. We do not, in mathematics,
conclude a universal proposition from a single concrete instance.

A mathematical formula does not imply the existence of any
instance whatever of its application, any more than a definition

implies the reality of the thing defined. The formula is deduced
from what may logically be regarded as definitions, and one or

any number of applications may indeed be found afterwards,
but only by the aid of additional real premisses. It is difficult

to exemplify this in the case of geometry, because the accepted

geometrical methods are so very imperfect, and geometrical
conclusions are not always deduced from definitions alone. As
I implied in my former letter, some of them are founded on
induction. But it must be evident that the truth of, say, De
Moivre's Theorem, does not depend on our having seen that it

was true in any one instance.

(4) If Miss Jones reads her own paragraph (4) again carefully,
I think she will see that it is not I who have contradicted

myself. I showed that if the definitions of the terms of a certain

proposition were altered, the proposition might no longer be

true, and that if they were not altered it would always be true.

Argal, the truth depends on the definitions, and on nothing else.

1 did not maintain that it could ever be to anyone a necessary
truth that he was writing with a lead-pencil. That would be an

objective proposition, such as I was careful to insist could only
be proved by induction. It might, however, be a necessary
truth to anyone that he thought he was writing with a lead-

pencil. As to mathematical truths, so far from believing that
"

in as far as '
real

'

they are obtained by induction," I expressed

my opinion that they are not "real" at all, but all truisms.

Any reality in their applications must be added from outside, by
real assertions which are not " mathematical." I object to call-

ing truisms "necessary," not because they are possibly false,

but because their truth is only arbitrary. On the other hand,
when I call "the apprehension of a present fact" a necessary
truth, I mean something more than that it is certain—namely,
that its contradictory is unthinkable.

Edward T. Dixon.

Trinity College, Cambridge, January 8.

FRESH EVIDENCE CONCERNING THE DIS-
TRIBUTION OF ARCTIC PLANTS DURING
THE GLACIAL EPOCH.

T AST summer (1891) I spent some weeks in Western
-L^ Russia and Northern Germany, in order to ascer-

tain whether the glacial fresh-water deposits of those
countries contained any remains of the vegetation which
lived there immediately after the inland ice had melted

away. The results of my journey being favourable, I

have thought it desirable to communicate them to the
readers of Nature

; but before doing so it might be con-
venient to give a brief summary of previous investiga-
tions on the same subject.
The first discovery of fossil Arctic plants was made in

England by Mr. W. Pengelly, who found in i860, at

Bovey Tracey, in Devonshire, leaves of the dwarf birch

{Betula nana)., together with leaves of some willows,
as Salix myrtilloides, S. cinerea, S. sp. indet. The
leaves were identified and described by the late Prof.

Heer,^ who pronounced the opinion that the presence ot

Betula nana was conclusive evidence of "a colder
climate than Devonshire has at the present day." The
significance of this discovery was, however, but little

appreciated until the researches mentioned below again
'
Philosophical Transactions, 1862, p. 1039 In this paper Heer mentions

Salix repcns (?>, but this determination 'was subsequently altered to .5".

myrtilloides.
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called attention to the nature of the vegetation which

grew round the margin of the great northern inland ice,

on the soil which was left bare when it melted away.
During my first visit to Spitzbergen, in 1870, it

occurred to my mind that—supposing the glacial theory
were true—the remains of those Arctic plants which, in

all probability, formerly existed in the area once covered

by the great Scandinavian inland ice, would have been
buried in the glacial fresh-water deposits, just in the

same manner as the leaves of Salix polaris, Dryas
octopetala, Polygonum viviparum, &c., are at the pre-
sent day carried into the small lakes of Spitzbergen,

found the Arctic fossil flora underneath some peat-mosses
in the immediate vicinity of Copenhagen. In 1872 I dis-

covered leaves of Bet11 la nana in a peat-moss near Oertzen-

hof, in Mecklenburg, and at Kolbermoor, in Southern
Bavaria. In Switzerland I also found an Arctic- Alpine flora

in a fresh-water deposit at Schwerzenbach, on the low

ground between Zurich and Bodensee. The flora was rich

in such species as Betula nana, Salix reticulata, S.

polaris, S. retttsa, S. myrtilloides, Arctostaphylos itva-

ursi, Polygonum viviparum, Azalea procuvibens, &c.
From Switzerland 1 went to England, and first vi,-ited

Bovey Tracey (17),^ where I re-found Betula nana in the

Sketch ^Iap showing the Localities where Arctic Plant-fossils have been found within the Area once covered by the great
Northern Ice-sheet.

A, margin of the great northern inland ice at the climax of glaciation ; B, margin of the Uralo-Timan glacier (according to Nik'itin) ; c, margin of the

glaciers of the Alps.
(i) Several localities (more than thirty) in Sr.ania ; (2) Rangilstcrp. near Vadstena ; (3) Frojel, in the isle of Gotland ; (4) several localities in

Jemtland ; (5) Leine, in Norway ; (6) several localities in Seeland ; (6') Moen ; (6") Northern Jut'and '. (6'") Bornholm ; (7) Kunda, in Esthonia :

(8) Samhof and Kinzli, in Livonia; (9) Pingo and Wieratz in Livonia : (10) two localities at Rjeshiza, (lovernment of Vitebsk; (11) Kuhrische

Nehrung ; (12) Schroop, in Western Prussia: (13) Krampkewitz, in Poraerania
; (14) Neetzka and Oertzenhof, in Mecklenburg; (15) Nantrow,

in Mecklenburg ; (16) Projensdorf. north of Kiel ; (17) Bovey T racey, in Devonshire ; (18) Hoxne, in Suffolk ; (19) several localities at and near

Cromer, Norfolk ; (20) Holmplon, Yorkshire ; (21) Bridlington, Yorkshire; (22) localities near Edinburgh.

and buried at their bottoms. On my return from that

expedition, I at once examined some glacial fresh-water

deposits at Alnarp, in Scania, and was glad to find in

them the leaves of Salix polaris, S. herbacea, S. reticu-

lata, Dryas octopetala, Betula nana, &c. ;
thus proving

that a true Arctic flora had once lived in the southernmost

part of Sweden. The next year, after having discovered
the same flora in a great many other localities of the

same province, I was invited by Prof. Japetus Steenstrup
to extend my researches into Denmark

;
and our joint

investigations were soon crowned with success, for we
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original locality, and also in another little basin close

by, together with leaves of Arctostaphylos uva-ursi and
Betula alba. Then I went to the coast of Norfolk, where
1 was so fortunate as to find Salix polaris and Hypnum
turgescens in the pre-glacial deposits between the boulder-

clay and the forest-bed in the vicinity of Cromer (19).

This plant-bearing bed has since then been noticed by
Mr. Clement Reid, of the Geological Survey, who has
named it the "Arctic fresh-water bed," and he has traced

I The figures within parentheses refer to those on the accompanying sketch

map.
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it in some other places on the coast of Norfolk. Besides
Salix polaris, Mr. Reid has also found in it leaves of
Betula nana and seeds of some other plants. At Hoxne,
in Suffolk (18), Messrs. Reid and Ridley have discovered
Salix polaris, S. myrsinites, and Betula nana, together
with many other species in a glacial fresh-water deposit
of a precisely similar character to those in Southern
Sweden. Again, in 1879, I found leaves of Betula nana
in a peat-moss at Bridlington (21), and the same plant
has been found by Mr. Reid at Holmpton (20). Accord-

ing to a statement of Mr. Reid, Salix herbacea was found
some years ago by Mr. Bennie in an inter-glacial deposit
at Hailes, about three miles from Edinburgh. Finally,

during this present year (1891), Mr. Reid has himself
discovered a rich Arctic flora, yielding Salix polaris,
S. herbacea, S. reticulata, Azalea prociinibens ,

and Betula

nana, in lacustrinedepositsimmediately above the boulder-

clay near Edinburgh {22)}

Returning to Sweden, a great many new localities yield-

ing Arctic plants have also been found in Scania since
1 87 1, partly by myself, partly by Dr. Gunnar Andersson
and others, so that the number of localities in Scania (i)
now exceeds thirty. In Ostrogothia. leaves of Betula
nana and Dryas octopetala, &c., were found in 1886 in a
calcareous tufa near Vadstenaat Lake V'etter (2) ;

and in

the isle of Gotland (3), Mr. R. Semander, in 1890, dis-

covered leaves of the same species in a fresh-water deposit
overlain by the curious gravel-bed containing Ancylus.
In Jemtland, Mr. A. F. Carlson, in 1885 and 1886, dis-

covered leaves of Dryas and Salix reticulata in calcareous
tufa in several localities ('4) far removed from the regions
where these species now exist. In Norway nothing what-
ever was known of the ancient Arctic flora until last summer
(1891), when, according to Prof A. BIytt, leaves of Dryas
octopetala were found in calcareous tufa at Leine (5).
In Denmark the continued researches of Prof. Steen-

strup have added many new localities (6) to the original
ones mentioned above, not only in Seeland, but also

(from a private communication made to the author) on
the isle of Moen (6'), in Northern Jutland (6"), and on
Bornholm (6'"). Turning to Switzerland, Prof. C. Schroter,
of Ziirich, has discovered three new localities for the

glacial flora, and in 1S80 I myself found leaves of Salix
lierbacea, Dryas octopetala, and Betula nana in a fresh-
water deposit near Hedingen (Canton Zurich), and leaves
of the last-mentioned species underneath a peat-moss at

Wauwyl (Canton Luzern), and in peat at Le Chaux de
Fonds.

It ought also to be mentioned that Prof. M. Staub,
of Buda-Pest, has lately described a fossil glacial flora
from the Southern Carpathians, which, besides seeds of
Pinus Pumilio and Piiius Lembra, also contains leaves of

Dryas octopetala, Betula nana, and Salix inyrtilloidcs,
together with fruits of Tofieldia borealis, thus proving the
existence of a somewhat colder climate than the present
one.

In 1880, I discovered a locality at Neetzka, in Mecklen-
burg, not far distant from Oertzenhof where I had found
Betula nana in 1872. The new locality (14) yielded
Dryas octopetala, Salix reticulata, Betula nana, B.
odorata, and B. verrucosa, together with leaves of

Myriophyllum, some other Salices and mosses, such as

Hypnuin scorpioides and H.Jluitans. According to the
manner in which the samples of clay were gathered, it

is very possible that the species mentioned belong to

different horizons.

Neetzka and Oertzenhof being the sole localities in

I It is curious that Dryas octopetala has not yet been reported from the
glacial plant-fdssils of Great Britain, althougK it abounds in the glacial
fresh water deposits of Sweden, Denmark, Germany, and Ru^sia ; and
although the plant still hves in the m juntains of Srotland, Yorkshire, and
Wales. May not, however, the leaf from Crofthead which Mr Mahony
hzs identtfied vfUh Sc!/tetlaria g-atericu/aia(Geot. .^Tag., vol. vi. p. 392) in

reality ha 'e been a leaf of Dryas ^ The leaves of Scutellaria can hardly be
preserved in the fossil state.
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Northern Germany which until then had yielded fossil

Arctic plants, while nothing whatever was known of the
existence of Arctic plant-fossils in Russia, Prof. O. Drude,
of Dresden, in 1889 expressed the opinion

^ that the margin
of the great northern inland ice might have been sur-

rounded, not by an Arctic flora, but by a forest growth ;

and further, that such a growth may even have existed on
the surface moraines of the inland ice itself.

I have- lately tried to show, however, that this hypothesis
is erroneous; but with the conviction that facts would prove
the best arguments, I resolved to visit those portions of

Western Russia and Northern Germany which I had not

previously examined, and, thanks to the liberality of the
Swedish Society for Geography and Anthropology, who
gave me the balance of the F^^^fund, I have been enabled
to carry out my project, with the results communicated
below. As my collections are, however, only partially
worked out as yet, the present notice must be considered
as only preliminary.
The circumstances under which the Arctic plant-

fossils occur are pretty uniform, and it may therefore be
convenient to state them at once, instead of giving a

description for every locality. In those parts of Western
Russia and Northern Germany which I visited, the

ground almost everywhere consists of a true moraitte

profonde (till) which has never been covered by the sea.

Though marine glacial deposits are consequently absent
in this area, fresh-water deposits, which have been formed
in ancient lakes or ponds, are very abundant. These

deposits consist generally in their lower part of a bluish

clay or sandy clay, sometimes distinctly laminated, while
the colour of the clay in the upper part is generally some-
what yellowish. This fresh-water clay is often covered by
white shell marl, principally derived from the shells of

fresh-water MoUusca
; sometimes, however, by mud con-

taining the remains of microscopical Algs, fragments and
excrements of insects and other minute fresh-water

animals. Then comes the peat, terminating the deposit
above— sometimes developed as a true peat-moss ;

at

others, only as a peaty mould i to 2 feet thick. In

places the peat is totally absent, i.e. the fresh- water lake
has been entirely filled up by the alluvial clay before the
formation of peat had begun.
The Arctic plant-fossils are found principally in the

clay, sometimes also in the white marl or mud, whilst

only Betula nana ascends into the peat. Some fresh-

water Mollusca are found together with the Arctic plants—
namely, some species of Pisidiwn, Limncea ovata,

Anodo7ita or Unio, sometimes also Cyclas cornea. By
studying the distribution of the Mollusca in the different

horizons, the order of immigration of the different species
can be ascertained, and we know now very well the manner
in which this has taken place in Southern Sweden. Besides

Mollusca, the Arctic plants are often accompanied by re-

mains of beetles and by Ostracoda, such as Cytheridea
torosa and others

;
and in one locality in Scania I have

also found abundant remains of Apus glacialis. Finally,
it is in this horizon that the remains of the reindeer are

principally found in Southern Sweden, Denmark, and
Northern Germany.
When travelling in Esthonia and Livonia I had the

advantage of being accompanied by the well-known

geologist, Akademiker Fr. Schmidt, of St. Petersburg,
and the success of our investigations was largely due to
his advice. The Arctic plant-fossils were first discovered
at Kunda in Esthonia (7), where the fresh-water marl
and clay are used in the preparation of cement. The
upper part of this deposit has yielded a great many bone
implements of Neolithic age, which were described
some years ago by the late Prof. Grewingk, of Dorpat,
and antlers of reindeer are likewise present. The Arctic

plants were obtained at a depth of l^'k feet below the

I Petermantt s Mitteilungen, 1889, pp. 282-290.^
Buglet's Botan. Jahrbiicher, Bd. xiii , 1891, Beiblatt Nr. 29.
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surface, Salix polaris being the most common form. Of
other species found, the following have, up to the present,
been recognized : Salix herbacea, Dryas octopetala, Betitla

nana, Polygoniein vivipariim, Saxifraga cccspitosa or an
allied species, mosses, &c.
From Kunda we went to Hellenorm in Livonia (8),

where we were welcomed by the old Siberian traveller,
A. Th. van Middendorff, who took a great interest in my
researches. On the day of our arrival Prof. Schmidt
found a leaf of Salix reticulata in a bed of clay at Samhof.
In another clay-bed in the vicinity, at Kinzli, I found

Dryas octopetala, Betula nana, Salix sp., mosses, &c.
Then we went to Fellin (9), where I found the Arctic

plants at two different localities, Pingo and Wieratz.

The species obtained were Dryas octopetala, Betula nana,
Salix reticulata, Potainogeton sp., &c. I then parted
from Prof. Schmidt, and went to Rjeshiza (10), in the

Government of Vitebsk, accompanied by Dr. J. Klinge, of

Dorpat. In Rjeshiza we were welcomed by Dr. E.

Lehmann, a skilful botanist ;
and on the very day of our

arrival we discovered the following Arctic plant-fossils,

Dryas octopetala, Betula nana. Polygonum 7>iviparum,
&c., in two different localities in the vicinity of the town.

My ignorance of the Russian language made it impossible
for me to continue my researches further eastwards into

the interior of the country, and I consequently turned
westwards to Konigsberg, in Eastern Prussia. There Prof.

A. Jentzsch reminded me of the discovery of Hypmim
turgescens, in an alluvial deposit at Kuhrische Nehrung,
made by Berendt many years ago. As this is a mountain

species, it is possible that it may have been found in a

glacial fresh-water deposit, and this locality has con-

sequently been indicated on the sketch map (11).

Accompanied by Prof. A. Jentzsch, of Konigsberg, and

by Prof. H. Conwentz, of Danzig, I now went to

Marienburg, in Western Prussia, and at Schroop (12),
about 10 kilometres south-east of this town, a locality

yielding Arctic plant-fossils was discovered. They occur
here under precisely the same conditions as in Scania
or at Kunda, in Esthland ;

Salix polaris and Dryas octo-

petala being found in the lower strata, whilst Betula
nana occurs somewhat higher. The next locality
discovered was at Krampkewitz (13), near Lauenburg,
in Pomerania, whither I had gone with Prof. Conwentz.
The plant-fossils found were Dryas octopetala, Betula

nana, and some others.

Owing to heavy rains, a visit to Breslau proved fruit-

less, and for the same reason the fresh-water deposits
near Waren and Rostock were inaccessible, but acting
on the advice of Prof. E. Geinitz, of Rostock, I examined
a small peat-moss at Nantrow (15), north-east of Wismar,
where I found Betula nana and some Salices in mud and
sand underneath the peat. The following day I examined
the sections at the great North Sea-Baltic Canal at

Holtenau, north of Kiel (16), under the guidance of Prof.

R. V. Fisher-Benzon, of Kiel. We succeeded in finding
two fresh-water basins yielding plant-fossils. The first

basin, of which only a small portion now remained, con-

tained fruits of Betula nana, together with some other

species, not yet determined, but probably indicating a

sub-Arctic climate. In the other basin, which was also

cut through by the canal, the glacial fresh-water strata

underneath the peat were laid bare, yielding abundant
leaves of Salix polaris, sometimes intermingled with

those of Dryas octopetala, mosses, &c.

In view of these facts, thus briefly communicated, I

think it may be accepted as proved that the Arctic flora

flourished on the plains south and east of the Baltic

round the margin of the ice-sheet, and some time after

the inland ice had melted away (see the accompanying
sketch map). There can also be hardly any doubt that

this same flora may have lived round the margin of the

great northern inland ice at the climax of the glaciation.
For otherwise it is difficult to understand how it could
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have obtained so great an extension as from Suffolk to

Kunda, in Esthonia, or why it should have flourished

during so long a time after the amelioration of the climate,
which caused the melting of the ice, had commenced.
The fresh-water deposits with Arctic plants are sometimes
so thick that they probably indicate an interval of several

thousand years, during which the Arctic flora prevailed.
If the margin of the ice-sheet at the climax of glaciation
had been surrounded by a forest growth, this ought still

more to have existed round the margin of the retreating
ice. But as we have shown that this is not the case, we
are entitled to conclude that the Arctic flora formerly
flourished, not only round the margin of the great
northern inland ice, but probably also over a part at

least of the area between this ice and the glaciers of the

Alps. In connection with this, it ought not to be over-

looked that the Arctic tundra-fauna, which Prof. Nehring
discovered at Thiede, underneath the steppe-fauna, per-

fectly harmonizes with this view, as this locality is

situated relatively near to the outermost margin of the

great northern ice-sheet. The existence of Salix polaris
in Suffolk and Norfolk may also be considered as a

strong argument for the same hypothesis. Thus the

theory advanced by E. Forbes so far back as 1846
—that

the Alpine flora of Europe, so far as it is identical with

the flora of the Arctic and sub-Arctic zones of the Old

World, is a fragment of a flora which was diffused from
the north, and that the termination of the glacial epoch
in Europe was marked by a recession of an Arctic fauna
and flora northwards—may now be regarded as defini-

tively proved.
A. G. Nathorst.

CYCLONES IN THE ARABIAN SEA}
nPHIS discussion was undertaken primarily by the
-*

Meteorological Office with the object of throwing
some light on the very exceptional storm which was ex-

perienced at Aden in the summer of 1885, but advantage
was taken of this opportunity to produce synchronous
weather charts of the Arabian Sea for a limited period,
since it was felt that such charts would be of especial

interest, dealing as they do with a part of the ocean
which is subject to the regular change of monsoon winds.

The charts also exhibit the occurrence of a second cyclone
which had originated over the eastern portion of the

Arabian Sea before the full effect of the first disturbance

had passed away. The Gulf of Aden and the northern

portion of the North Indian Ocean are rarely visited by
cyclones or typhoons, and consequently the occurrence
in these waters, in the summer of 1885, of a violent

cyclone, causing the loss of several vessels, among them
the German corvette Augusta, and the French despatch-
boat Renard, attracted considerable attention. The
number of ships' logs which have been collected and
utilized in the preparation of the charts is 239, and the

information has been obtained from all available

sources, including our own Navy and mercantile marine,
and those of many foreign countries. For the first

few days of the period discussed, the normal conditions

were apparently prevailing over the Arabian Sea, the

wind was north-westerly near the Indian Peninsula,
but the south-west monsoon was blowing steadily near
the African coast and for some distance over the sea on
the western side of the district. Until about May 20,
the weather in the neighbourhood of Ceylon seems ta

have been quiet, and the wind fairly steady from the

south-westward. On the 20th, Her Majesty's ships
Briton and Woodlark experienced somewhat disturbed

weather at Trincomalee, the squalls attained the force

' "
Daily Weather Charts for the Period oi Six Weeks ending June 25^

1885, to illustrate the Tracks of Two Cyclones in the Arabian Sea."

(London : Published by the authority of the Meteorological Council, 1891.)
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of a moderate gale from the north-westward, and much
thunder and lightning occurred. Unsettled weather con-

tinued from the 21st to the 24th, and from this day a

storm area can be clearly traced travelling to the west-

ward. The cyclone reached its greatest violence on

June 2 and 3, when the barometer is reported as reading

27-86 inches in close proximity to the centre of the dis-

turbance. A hurricane occurred at Obokh during the

evening of the 3rd, and it was reported that all the

houses but one had been blown down, and trees had

been uprooted. The position of the storm area is not

only marked throughout its passage across the Arabian

Sea by the cyclonic circulation of the winds, but also by
the rain area which accompanied the disturbance ; the

rate of progress of the storm from May 24 to June 3 was

rather less than seven miles an hour.

The second cyclone which is shown by the charts ap-

pears to have originated not far distant from Ceylon at

the commencement of June, and on the 4th a strong

south-westerlv gale was blowing on the equator in the

longitude of 76° E. This storm can be traced for the next

ten days, during which time it passed to the northward and

westward towards the entrance of the Persian Gulf. The
weather was very disturbed over nearly the whole of the

Arabian Sea from the 9th to the 13th, and the area of the

storm was much larger than in the case of the Aden

cyclone, and gales were experienced from the coast of

Africa to that of India, extending over a distance of about

1500 miles. The synchronous weather charts for the last

few days of the discussion, after the cyclonic disturbances

had passed away, show that the south-west monsoon had

extended over the whole of the Arabian Sea, whereas in

the middle of May it was limited chiefly to the western

side.

Each daily chart contains the observations from several

ships in the Red Sea, where the wind direction and other

elements of the weather are very instructive. The

southerly march of the northerly or north-westerly wind,
which throughout the whole period prevails over the

northern portion of the Sea, and the gradual backing
down of the southerly winds in the southern portion of the

Sea are well shown. The northerly wind in the northern

portion of the Red Sea often attains the force of a gale,

but there is no instance in the charts of the southerly

winds attaining gale force. The air temperature is

generally higher in the Red Sea than over the more open
water in the Arabian Sea, the reading of the thermometer

commonly reaching 90', and on June 14 the temperature
at 10 o'clock in the morning was 102^ over the open sea,

nearly abreast of Musawwd. The charts show many other

points of interest, among these the flow of the current

under the influence of disturbed weather as well as when
the sea is comparatively quiet, and doubtless the volume

will throw some additional light on the winds and weather

in this part of the world, where at present the meteoro-

logical changes are not too well understood.

ON VANDER IVAALS'S ISOTHERMAL
EQUATION.

T N reply to Prof. Tait's criticism (Nature, December
A

31, 1891, p. 199) of my paper (December 17, p. 152),

I wish to say that I certainly do not consider Van der

Waals's b as an absolute constant. Perhaps it may be

interesting to show how the limits of its variability can

be determined.

Leaving aside the question of the attractive forces,

which probably has been sufficiently elucidated in the

course of this discussion in the columns of Nature, and

considering gases as aggregations of elastic spheres, then

in the formula—
p^{v

- xb^ = I'Xmu'' (I)

X can be proved to be equal to 4 for large volumes and

small pressures.
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Again, in the case of extremely large pressures, when
the volume is nearly reduced to the smallest possible
dimensions, it is easy to see that a formula—

p^(v
-

fjidj)
= ^X . Imu^ (2)

must hold good, where iid^
= 3 V^/tt . 61

=
i'^S • • ^i ^^'

presents the space in which the spherical molecules can be
inclosed when they are motionless, and X is a certain

numerical coefficient whose determination might present
some interest, and perhaps is not beyond the scope of

mathematical analysis. (For one- dimensional motion
X =

I.) Be this as it may, putting (2) in the form—

/: [.-(
I +

-^i).m/'i]-
^2^«^ (3)

it is clear that in l/tls case x approaches the value

H-
=

I-35-

Now surely, for Inlermedi'ale volumes and pressures, ;»r<?i

cannot be considered as a constant ; still, along the large

range of these pressures, the correction required must be

called relatively slight, and the more so as it is beyond
doubt that a considerable part of the change from 4 to

r35 takes place near those extreme pressures where,

according to (3), x may be very variable. Whether at

the critical volume this coefficient has undergone already
a practically important change from its original value,

4, seems to me a question which cannot easily be
answered by purely theoretical considerations.

In my opinion, in all cases except in that of large
volumes the formula (i) is preferable to a formula

:^=
J(

I + 4^ + ''K-

^0 2;«M^, .(4)

even if the numerical value of <t could be exactly calcu-

lated ;
therefore the question at issue does not simply

turn on the introduction or rejection of terms of the order

^2/V2, and it was looking at the matter from this point of

view that in my paper I once called a formula of the

form (i) the true one as distinguished from a formula of

the form (4), and not from any formula given by Prof.

Tait. Certainly, none of the isothermal equations given

by different authors can be named true in the sense

of representing with absolute exactness the conduct of

real gases ;
and of course, when more constants are in-

troduced in these equations than are contained in that of

Van der Waals, a better approximation to the conduct of

these gases may be reached.

In conclusion, I beg to add a few words about Prof.

Tait's third remark. It seems to me that he has no right

to identify the process of putting arbitrarily y ^ ^ with

that of calculating the correction indicated by Prof.

Lorentz. D. I. Korteweg.

Amsterdam, January 6.

NOTES.
Several scientific meetings have been postponed in con-

sequence of the death of the Duke of Clarence. Prof. W. E.

Ayrton, F. R.S., was to have delivered his inaugural address, as

President ofthe Institution of Electrical Engineers, on January 14.

It will be delivered at a meeting of the Institution on January

28. The annual general meeting of the Royal Meteorological

Society, fixed for the 20th, will be held on the 27th, when the

President, Mr. Baldwin Latham, will deliver an address on
"
Evaporation and Condensation," The annual meeting of the

Entomological Society is also adjourned from the 20th to the

27th,

The forty-fifth annual general meeting of the Institution of

Mechanical Engineers will be held on Thursday and Friday

evenings, February 4 and 5, at 25 Great George Street, West-
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minster. The chair will be taken at half-past seven p.m. on

each evening. The President, Mr. Joseph Tomlinson, will

retire, and will be succeeded by the President-elect, Dr.

William Anderson. The following papers will be read and

discussed, as far as time permits :—Notes on mechanical

features of the Liverpool water-works, and on the supply

of power by pressure from the public mains, and by other

means, by Mr. Joseph Parry, water engineer, Liverpool

(Thursday). On the disposal and utilization of blast-furnace

slag, by Mr. William Hawdon, of Middlesborough ;
com-

municated through Mr. Charles Cochrane, past-President

(Friday).

The German Mathematical Association (Deutsche Mathe-

matiker-Vereinigung) propose to hold their annual meeting in

the autumn of this year at Nuremberg, and at the same time an

Exhibition of Mathematical and Physical Models and Apparatus

is to be brought together under the auspices of the Govern-

ment. This Exhibition will resemble that of the Loan Collec-

tion, held at the South Kensington Museum in 1876. At

Nuremberg the corresponding Germanisches Museum is avail-

able for the same purpose. The German Mathematical Asso-

ciation request the concurrence and assistance of those persons

and institutes interested in the subject in this country, so as to

make the Exhibition as complete and representative as possible.

The American Institute of Electrical Engineers has passed

a resolution declaring its intention to co-operate with "the

World's Congress Auxiliary
"

in the effort to secure the gather-

ing of an International Electrical Congress at Chicago in 1893,

and pledging itself to do everything in its power to make the

Congress a successful and worthy representation of the best

electrical science and practice in all parts of the world. Accord-

ing to a prospectus issued by the World's Congress Auxiliary,

the Congress will deal with "scientific and technical electricity,

telegraphy, telephony, electric light, electric power, and other

forms of electrical application, with appropriate chapters and

sections for the proper consideration of each."

The friends of Prof. Baird, the late Secretary of the Smith-

sonian Institution, will regret to hear that his widow, Mrs.

Spencer F. Baird, died at her home in Washington on Decembe^"

23, 1891.

M. DE QUATREFAGES, the well-known anthropologist, died

on Tuesday, January 12. He was born in 1810, and studied

medicine at Strasburg. Afterwards he became Professor of

Zoology at Toulouse, where he had settled as a medical practi-

tioner. In 1855 he was made Professor of Anthropology and

Ethnology at the Jardin des Plantes, Paris. He had already

been admitted to the Academy of Sciences in 1852, and he

was an honorary member of many foreign learned Societies.

Numerous friends and pupils were present at his funeral, and

addresses were delivered by M. Milne-Edwards, and other men

of science. The most famous of his writings are his
" Crania

Ethnica" and "Etudes des Races Humaines."

Mr. W. L. Sclater, Deputy-Superintendent of the Indian

Museum, Calcutta, has been appointed Curator of the Museum
and Lecturer on Biology at Eton College.

In a letter on " A Difficulty in Weismannism," published in

Nature on December 3, 1891 (p. 103), Prof. Hartog quoted

some passages from a private letter he had received from Prof.

Weismann. To this letter reference was made in a subsequent

communication by Mr. A. H. Trow (p. 175). Prof. Hartog
has sent us Prof. Weismann's letter, but we do not consider it

necessary to print it, as the correspondence is now closed.

An important and interesting paper on Chinese fibres appears

in the new number of the Kexu Bulletin. It seems that at Chinese

ports there is much confusion as tothe origin and classification of
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these fibres, different fibres sometimes bearing the same name,
while the same product often bears different names at different

ports. This confusion is apparently due in part to the fact that

European traders have used the terms "jute
" and "

hemp
"

in

a generic rather than a specific sense
;
in part to the fact that the

duty on "jute
"

is only
" 2 mace per picul," whereas "

hemps
"

pay 3I mace. The subject has lately been carefully investigated

at Kew, and further inquiry is about to be made at the Chinese

ports under the direction of Sir Robert Hart, Inspector-General
of the Chinese Imperial maritime Customs. At Kew much

help has been derived from specimens sent by the Acting Consul

at Chefoo, Mr. Alexander Hosie, a report by whom is included

in the paper in the Bulletin. A memorandum on the jute and

hemp of China, by Dr. Augustine Henry, is also given. The

question is one of considerable practical importance, as the con-

fusion which prevails cannot but tend to hinder the development
of trade.

Another interesting paper in the Kew Bulletin is on Ipoh

poison of the Malay peninsula. It consists chiefly of a valuable

report by Mr. Leonard Wray, Junior, Curator of the Perak

Government Museum, who has sent to Kew an admirable series

of specimens. The report is printed in advance of the re-

sults of the examination of the presumed poisonous fluids,

which has again been undertaken by Dr. Sidney Ringer,

F.R. S., Professor of Clinical Medicine, University College,

London.

Dr. Brown Lester, who accompanied the Gambia Delimita-

tion Commission, made a botanical collection fairly representa-

tive of the flora in the neighbourhood of the River Gambia, as

far as the dryness of the season would permit. The specimens

have been determined at Kew ; and a list of the determinations,

with Dr. Brown Lester's brief notes, is given in the ICeiv Bulletin.

From a botanical point of view, the collection, according to the

Bjclleti7i, is not of very great interest ;
but it is said to afford a

useful picture of the character and productions of the country

traversed.

In an appendix to the latest number of the Keio Bulletin, a

list is given of the staffs of the Royal Gardens, Kew, and of

botanical departments and establishments at home, in India,

and in the colonies, in correspondence with Kew. On two

former occasions a list of the same kind has been issued in the

Kew Bulletin ; and it has been found of considerable value, as it

affords a convenient means for placing on record the official

titles and designations of the officers concerned, and renders

possible the notification of the changes that take place in the

several appointments. The new list includes an enumeration of

the officers that have been selected to carry out the recently-

organized botanical survey of India, with the districts allotted

to each one. There is also a fuller list of officers in charge of

gardens in Native States. The organization of the botanical

department of the Leeward Islands brings into one group the

several botanical stations existing in those islands.

MM. Laborde and Rondeau have given, in the Revue

Alensuelle d'Anthropologie, an account of recent experiments on

the poison of the arrows of the Sarro savages, in the Upper

Nigervalley. Specimens were brought back by Lieutenant Jaime.

From the physiological experiments performed, it would seem

that the poison is identical with that of Strophanthus.

Senor F. p. Moreno, who has been investigating some ancient

graves in the Argentine Province, Catamarca, has found various

objects which are likely to be of considerable importance in the

study of American archaeology. He has secured 86 human skulls,

400 vases, 420 stone implements, 15 copper implements, and no

objects made of bone. The skulls are of two different types,

one set resembling those found in the graves at Ancon, Peru,



January 21, 1892J NA TURE 279

another those of Indians in Chaco and in the south of the

Argentine Republic. All are brachycephalic, and many have

been artificially distorted. The skulls of the Peruvian type are

the later of the two groups. It is evident, however, that before

the appearance of the Peruvian element; in what is now
Catamarca the population were in a much higher position than

the Indians of the present day. They built strong fortresses,

like those which are found in Arizona and New Mexico, and

the traces of their dwellings indicate a comparatively advanced

stage of civilization. Many of the remains remind Seiior

Moreno of the Mexicans, others seem to show some affinity

between the people and the Chibcha, while others are of a

quite peculiar character. He has given a provisional account

of his results in the Revista de la Plata, 1890-91.

Mr. James F. Hobart contributes to the January number of

the Engineering Magazine, New York, an interesting article on

the paper-making industry. He notes that while in 1881 the

United States produced only 5,315,400 pounds of paper, it pro-

duced in 1891 not less than 15,219,580 pounds. Even this rate

of production is exceeded by Germany. Mr. Hobart, however,
thinks there are indications that the United States will lead the

world in the production of paper before the end of the century.

The new number of the Boat-d of Trade Journal contains

some extracts from a valuable report by the French Agent at

Victoria on the salmon industry in British Columbia. Among
the details noted by him is the fact that the best fish are almost

always taken on the outflow of the river in the place where the

fishermen endeavour to meet the fish on their arrival from the

sea. A boat is often filled with several hundred fish in a single

drift net of from 400 to 500 metres. It is calculated that on

certain days the total of the Fraser fishery amounts to not less

than 150,000 salmon, which are passed through all the different

phases of preserving, and are ready to be forwarded for the

market on the same day. An ingenious apparatus used to take

the salmon, chiefly on the Columbia River in the United States,

is described. A large wheel, fixed at a certain distance from the

bank, is put in motion by the current. The blades of this

wheel are provided with a network of iron wire intended to

raise from the water any large object coming in contact with

them. A sort of bar-work starting from the wheel is so placed
as to increase the strength of the current in such a manner as to

force the fish passing on this side of the river to go in this

direction. The salmon, wishing to cross the very rapid stream

where the wheel is placed, is raised out of the water by the iron

wire on the blades. In the rotary movement the salmon is
'

carried to the centre of the wheel, whence an inclined plane .

conducts it into vast open reservoirs placed in the stream, where '

it can be kept alive for some time. A system of pulleys provides
for the raising of these reservoirs, the water flows out, and the

salmon is carried in boat-loads just as it is required for preparation. ;

The U.S. Consul at Bordeaux gives, in a recent report, some
,

interesting information about the wines of the Medoc district.

He notes that this district, between the sea on the one hand
and the Garonne and Gironde Rivers on the others, is called

Medoc {quasi medio aqiice), because nearly surrounded by water.

It is the northern termination of the extensive tract of sand-hills

and marsh-land called
" Les Landes," extending from Bayonne

north, which changes to a bank of gravel on approaching the

left bank of the Garonne, and contains some of ihe most pre-

cious vineyards in the world. The soil is of light pebble, and,

indeed, on the spots where some of the best wine is pioduced
it appears a mere heap of quartz mixed with the most sterile

quality of earth. The best wine is not produced where the bush

is most luxuriant, but on the thinner soils, where it is actually

stunted, and where weeds disdain oflen to grow. Here the vine

retains the sun's heat a,bout its roots after sunset, so that its
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juices are matured as much by night as by day. The accumula-

tion of sand and pebbles of which this soil is composed is ap-

parently the spoils of the Pyrenean rocks, brought down by the

torrents tributary to the Garonne and other great rivers, and de-

posited in former ages on the borders of the sea. At a depth of

2 or 3 feet from the surface occurs a bed of indurated conglome-

rate, which requires to be broken up before the vine will grow.

The latest publication issued by the Meteorological Council

contains the harmonic analysis of hourly observations of air

temperature and pressure at British Observatories. The com-

putations as originally undertaken were designed to supply the

analysis of the hourly observations made at Greenwich Ob-

servatory which were published in 1878 ; but subsequently it was

determined to extend the investigation so as to include the

observations made at the seven Observatories maintained by the

Meteorological Office for a series of twelve years. The onerous

I

work of calculation has been considerably diminished by means
'

of the mechanical analyzer designed by Sir William Thomson,
and by special formulae, tables, and a slide rule prepared by

' General R. Strachey, Chairman of the Council. A drawing of

[

the scale, and an explanation of its application, are given in the

i preface to the work.

I The Meteorological Council 'have just issued a useful pub-

[

lication entitled "Ten Years' Sunshine in the British Isles,

I

1881-90." The observations have been taken at forty-six

1 stations, well distributed over the country
—

except ior Scotland

\

and Wales. At the great majority of stations the instrument

used is the Campbell-Stokes sunshine-recorder, which focusses

the sun's rays, by means of a glass ball, on to a card fixed in a

I

brass frame. The instrument records only bright sunshine,

i which burns the card when no mist is present, or no cirrus

or other clouds obstruct the rays. The tables show that Dec-

ember is the most sunless month of the year. Jersey stands

first on the list of stations, as it does in nearly ail other months

of the year, having 23 per cent, of possible duration, while

Dublin has 21 per cent., and St. Ann's Head 20 per cent.,

and London has a miserable record of 2 per cent. A great
increase is noticeable in February, when Jersey has the greatest

amount, viz. 31 per cent., and London the least, 9 per cent.

In April, London begins to compare more favourably with other

places situated in the suburbs, and May is the sunniest month of

the year, while June and July are by no means as sunny as might
be expected. August is a good month, except in the north-west

of Ireland and Scotland. September and October exhibit a

considerable decrease, and November is the only month in

which the Channel Islands are not the most sunny part of the

British Isles. The sea-coast generally is more sunny than in-

land parts, while large manufacturing cities, such as Glasgow,

compare badly with stations in their neighbourhood. In the

late autumn, Ireland generally receives more sunshine than the

most of England.

It is useful, in relation to meteorology, to note the date of

commencement of various harvest operations. A French Abbe,
M. Buve, has recently suggested a consideration of ths quantity
of sugar produced in certain plants as a means of determining
the meteorological elements concerned in this process. The

physiology of the sugar beet is now pretty well known ; and,

according to M. Marie Davy, one may estimate pretty closely

the yield of this plant by means of calculations from the heat and

illumination to which it has been subject. Conversely, the

Abbe points out, we might determine the heat and light received,

through the quantity of sugar produced. Fiscal operations,

determining the yield of sugar, would facilitate the process.

Again, it issuggested that the yield of honey might be considered

in the same relation—the quantity of it in flowers depending

greatly on sunshine, wind, rain, &c., while the state of the
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atmosphere favours or hinders the work of bees. The summers
of 1889 and 1890 are cited as presenting a marked contrast with

regard to both beet-sugar and honey, in correspondence with

weather-conditions
; the earlier year was a highly prosperous

one, the latter quite the opposite.

In the Report, just issued, of the U.S. Commission of Fish

and Fisheries, on the fisheries of the great American lakes in

1885, it is noted that in Lake Michigan there is no fishing

through the ice in the southern end of the lake, but that in the

northern end, especially in Green Bay and along the north

shore, this fishery is extensive. For twenty years it has given

employment to a very large number of men living in the neigh-
bourhood of Green Bay, and many fishermen from other locali-

ties have found work there during the winter months. During
the winter season the bay used to present greater activity than

the surrounding land, hundreds of shanties and temporary huts

being built for shelter. Dealers drove about from place to

place on the ice to purchase the catch, and merchants sent

waggons with provisions for the fishermen. At the height of
the season it was not uncommon for the fishermen to bring their

families out to the fishing quarters, where they would remain
for some weeks, all hands helping to keep the nets in repair.
For several years this fishery, owing to the diminished quantity
of white-fish, has been less extensive, and the fishermen engaged
in it at present generally live at home, owning a horse and

sleigh, which enable them to visit their nets daily.

At a recent meeting of the Field Naturalists' Club of Victoria,
Baron von Mueller advocated strongly the protection of insecti-

vorous and native birds in the colony. He thought that this

object might be attained, not only by putting a comparatively

heavy tax upon guns and by more strictly enforcing the present
laws, but by the initiation of some scheme which would enlist

the sympathy and co-operation of all persons interested in the

subject. He suggested that a distinctive badge might be worn

by members if such a union were ever formed.

The Academie Royale des Sciences, des Lettres, et des
Beaux Arts de Belgique has issued its Annuaire for 1892. It

contains, besides much information as to the organization and

activity of the Academy, biographical sketches of deceased

members, with remarkably good portraits.

An interesting memoir is contributed by Dr. Merz, of Zurich,
to the current number of the Berichte, concerning the compound
of nitrogen and magnesium, generally known as magnesium
nitride, MggNg. Magnesium, like boron, appears to possess
a somewhat powerful affinity for nitrogen. Some years ago
Deville and Caron, during their distillations of magnesium for

the purpose of obtaining the pure metal, observed the pre-
sence of small transpar ent crystals, containing only magnesium
and nitrogen, upon the surface of the distilled metal. More
recently, Briegleb and Geuther have shown that nitride of mag-
nesium in an amorphous form may be prepared by heating
magnesium filings in a porcelain boat placed within a porcelain
tube traversed by a stream of nitrogen. Dr. Merz now describes

two extremely simple methods of obtaining the nitride, suitable

for lecture demonstration, and also some further properties of
this interesting substance. A quantity of finely-powdered and

carefully dried magnesium, about two grams in weight, is placed
in a wide piece of combustion tubing about twenty centimetres

long, closed at one end. Attached to the open end of this tube

by means of a wide caoutchouc connection is a narrower tube
closed by a caoutchouc stopper, through which passes the nitrogen

delivery tube. A short side-tube blown upon the narrower tube

carrying the stopper serves for the exit of the gas, and is con-
nected by narrow caoutchouc tubing with a long vertical tube
bent round parallel to itself, the open end of which dips beneath
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the surface of some coloured water. The air is first displaced
from the whole apparatus by means of pure dry nitrogen, and
when this is accomplished, the combustion tube containing the

magnesium, laid nearly horizontally, is heated by means of a triple
Bunsen burner. After two or three minutes have elapsed from
the attainment of a red heat, the speed of the current of nitrogen

may be slackened by means of a screw clip placed somewhere in

its path, when the coloured water will rapidly rise in the vertical

tube, attaining a height of ten feet, if the tube is so long, in a

couple of minutes, thus exhibiting in a graphic manner the rapid
absorption of the nitrogen by the magnesium. On allowing the

experiment to proceed for upwards of an hour, almost the whole
of the magnesium is converted to nitride, the small remainder

reacting with the glass, and producing a black mirror of silicon.

Magnesium nitride obtained by this method is a light, volumin-

ous, friable, and yellowish-gray-coloured substance when cold,
but reddish-brown while hot. When exposed to the air, it

smells strongly of ammonia, owing to its decomposition by the

moisture present. When a little water is poured upon it, great
rise of temperature occurs, together with hissing, increase in

volume, and evolution of steam, just as when quicklime is slaked.

Ammonia is also evolved in large quantities, and white mag-
nesium hydrate remains. The decomposition by means of water
is most effective when performed at the bottom of a large flask,

which rapidly becomes filled with ammonia gas ; the moment a

little hydrochloric acid is introduced upon a feather or other

convenient carrier, the flask becomes filled with dense fumes of

ammonium chloride. Dr. Merz further shows that the nitride

may likewise be obtained by heating magnesium in a current of

dry ammonia to a temperature considerably lower than that

which is required in the case of free nitrogen, and very much
lower than that employed by Briegleb and Geuther in some
similar experiments made by them. As soon as this temperature
is attained, a brilliant incandescence occurs, and the flame may
be removed

; hydrogen is evolved in a rapid stream, and 95 per
cent, of the magnesium is converted in three or four minutes to

nitride.

The additions to the Zoological Society's Gardens during the

past week include a Green Monkey {Cercopithecus callitrichus i ),

a Sooty Mangabey {Cercocebusfuliginosiis ? ) from West Africa,

presented by Canon Taylor Smith ; a Moustache Monkey
{Cercopithecus cephus <J ) from West Africa, presented by Mr.
Alfred Lloyd ; a Silver-backed Fox {Cants ckama) from

Damaraland, South Africa, presented by Mr. E. Aubrey Hart ;

two Virginian Opossums {Didelphys virgmiana) from North

America, presented by Mr. John Brinsmead, F.Z.S. ; a Com-
mon Jay {Garruhis glandarms), British, presented by Mr.

Charles Faulkner; a Great Titmouse [Parus major), a Coal

Titmouse {Panis ater), a Blue Titmouse {Parus ccsruleus),

British, presented by Captain Salvin ; a Bonham's Partridge

{Ammopej-dix bonhami) from Western Asia, deposited ;
a

Bronze-winged Pigeon {Phaps chalcoptera ?) from Australia,

purchased.

OUR ASTRONOMICAL COLUMN.
Motion OF Stars in the Line of Sight.—Prof. H. C.

Vogel, in Monthly Notices R.A.S. for December 1891, fully
describes the method used at Potsdam for determining the

velocity of stars in the line of sight, and states the chief results
that have been obtained since the work was begun in 1887. In
order to insure great stability with the smallest possible weight,
the frame of the spectroscope is made of cast steel. The camera
is also constructed of steel, and the dark slides are of brass. It

may be worth remarking, however, in this connection, that sta-

bility would have been secured if aluminium had been used
instead of steel and brass, and this with a little more than one-
third the weight. A spectroscope similar to Prof. Vogel's, but
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-with an aluminium frame, has be6n made for the Observatory
at Kensington, and gives every satisfaction. The comparison
spectrum used at Potsdam has been furnished by a Geissler tube

placed directly in the cone of rays of the refractor, at a distance

of 40 cm. from the slit, the tube being at right angles to the

optical axis of the refractor and the slit. The slit is set parallel
to the line of the diurnal motion, and width is given to the

spectrum by making the driving-clock move slightly slower or
faster than its proper rate. A uniform exposure of one hour has
been employed, the proper intensity being obtained by changing
the rate of the driving-clock, so that the error increases with in-

crease of brightness. The photographs are measured with the aid

of a microscope having a sliding apparatus on its table, movable

by a fine micrometer screw. One revolution of the screw

corresponds to a difference of wave-length of 0324 ^/z, which,
expressed in miles per second, is I39'I3. After describing the
methods of measuring the displacement of lines in stars of
different types of spectra. Prof. Vogel brings together the
results which have formed the subject of several previous com-
munications. It is said that the probable error in the deter-

mination of the radial velocity of a star of Class II. is ± i*34
miles per second, and for stars of Class I., ± 2*31 miles.

Measurements have been made independently by Prof. Vogel
and Dr. Scheiner, and each star has been observed on the

average 33 times, wherefore it is concluded "that the probable
error of the definitive values for both spectral classes will

amount to less than one mile." A list of the observed veloci-

ties of forty-seven stars will soon be published. The mean
motion in the line of sight is lo"6 English miles per second

;

six stars have a velocity less than 2 miles per second, and five

greater than 20 miles, o Tauri heads the list with a velocity of
about -i- 36 miles per second. Fifteen of the stars have a

positive, and thirty-two a negative motion.

Orthochromatic Plates for Astronomical Photo-
graphy.—MM. Fabre and Andoyer photographed the eclipsed
moon at Toulouse Observatory on November 13, 1891 ; and some
of the pictures obtained were exhibited by them at the meeting
of the Paris Academy of January 11, with a note on the
method of production. Collodion -bromide and collodion-
chloride plates were employed, both kinds being treated with
•eosin and cyanin to render them orthochromatic. The former
kind of plate was found to be relatively more sensitive to red
and yellow rays than the latter, although both were stained
with the same dyes. It is proposed, therefore, to use collodion-

bromide orthochromatic plates to obtain photographs of Mars,
Jupiter and the red spot, and coloured stars.

DREDGING OPERA TIONS IN THE EASTERN
PACIFIC.

nPHE Bulletin of the Museum of Comparative Zoology at
•* Harvard College, published in June, contains three letters

from Prof Alexander Agassiz to the Hon. Marshall McDonald,
United States Commissioner of Fish and Fisheries, on the

dredging operations off the west coast of Central America to

the Galapagos, to the west coast of Mexico, and in the Gulf of
California. The operations, which were in charge of Prof.

Agassiz, were carried on by the U.S. Fish Commission steamer

Albatross, Lieutenant Commander Z. L. Tanner, U.S.N.,
commanding.

I.

Steamer "Albatross," Panama, U.S. of Colombia,
March 14, 1 89 1.

My dear Colonel McDonald,—We returned yesterday
from our first trip. The route extended from Panama to Point

Mala, and next to Cocos Island ; from there we ran in a

southerly direction, then northwesterly to Malpelo Island, and
back to the hundred-fathom line off the Bay of Panama. We
spent several days trawling off the continental plateau of the

Bay. This trip being rather in the nature of a feeler, I cannot
tell you just what I think it means. But I believe I can to

«ome extent conjecture probabilities from what has been

accomplished.
I have found, in the first place, a great many of my old West

Indian friends. In nearly all the groups of marine forms among
the Fishes, Crustacea, Worms, Mollusks, Echinoderms, and

Polyps, we have found familiar West Indian types or east coast

forms, and have also found quite a number of forms whose wide
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geographical distribution was already known, and is now ex-
tended to the Eastern Pacific. This was naturally to be ex-

pected from the fact that the district we are exploring is

practically a new field, nothing having been done except what
the Albatross herself has accomplished along the west coast of
North and South America. The Challenger, as you will re-

mem.ber, came from Japan to the Sandwich Islands, and from
there south across to Juan Fernandez, leaving, as it were, a

huge field, of which we are attacking the middle wedge. As
far as we have gone, it seems very evident that, even in deep
water, there is on this west coast of Central America a con-
siderable fauna which finds its parallel in the West Indies, and
recalls the pre- Cretaceous times when the Caribbean Sea was
practically a bay of the Pacific. There are, indeed, a number
of genera in the deep water, and to some extent also in the
shallower depths, which show far greater affinity with the
Pacific than with the Atlantic fauna. Of course, further ex-

ploration may show that some of these genera are simply genera
of a wider geographical distribution ; but I think a sufficiently

large portion of the deep-sea fauna will still attest the former
connection of the Pacific and the Atlantic.

I am thus far somewhat disappointed in the richness of the

deep sea fauna in the Panamic district. It certainly does not

compare with that of the West Indian or Eastern United States
side. I have little doubt that this comparative poverty is due to

the absence of a great oceanic current like the Gulf Stream,
bringing with it on its surface a large amount of food which
serves to supply the deep-sea fauna along its course. In the

regions we have explored up to this time, currents from the
north and from the south meet, and then are diverted to a

westerly direction, forming a sort of current doldrums, turning
west or east or south or north according to the direction of the

prevailing wind. The amount of food which these currents

carry is small compared with that drifting along the course of
the Gulf Stream. I was also greatly surprised at the poverty
of the surface fauna. Except on one occasion, when, during a

calm, we passed through a large field of floating surface mate-

rial, we usually encountered very little. It is composed mainly of

Salpae, Doliolum, Sagittas, and a few Siphonophores—a striking
contrast to the wealth of the surface fauna to be met with in a
calm day in the Gulf of Mexico, near the Tortugas, or in the
main current of the Gulf Stream as it sweeps by the Florida
Reef or the Cuban coast near Havana. We also found great

difhculty in trawling, owing to the considerable irregularities of
the bottom. When trawling from north to south, we seemed
to cut across submarine ridges, and it was only while trawling
from east to west that we generally maintained a fairly uniform

depth. During the first cruise we made nearly fifty hauls of the

trawl, and, in addition, several stations were occupied in trawl-

ing at intermediate depths. In my dredgings in the Gulf of

Mexico, off the West Indies, and in the Caribbean, my atten-

tion had already been called to the immense amount of vegetable
matter dredged up from a depth of over 1500 fathoms, on the
lee side of the West Indian Islands. But in none of the dredg-
ings we made on the Atlantic side of the Isthmus did we come
upon -such masses of decomposed vegetable matter as we found
on this expedition. There was hardly a haul taken which did
not supply a large quantity of water-logged wood, and more or

less fresh twigs, leaves, seeds, and fruits, in all possible stages
of decomposition. This was especially noteworthy in the line

from the mainland to Cocos Island, and certainly offers a very
practical object-lesson regarding the manner in which that island

must have received its vegetable products. It is only about 275
miles from the mainland, and its llora, so similar to that of the

adjacent coast, tells its own story. Malpelo, on the contrary,
which is an inaccessible rock with vertical sides, and destitute

of any soil formed from the disintegration of the rocks, has re-

mained comparatively barren, in spite of its closer proximity to

the mainland.
The most interesting things we have found up to this time are

representatives of the Ceratias group of Fishes, which the

naturalists of the Albatross tell me they have not met before on
the west coast of North America. The Crustacea have supplied
us with a most remarkable type of the Willemoesia group. The
paucity of Mollusks, and also of Echini, is most striking,

although we brought up in one of the hauls numerous fragments
of what must have been a gigantic species of Cystechinus,
which I hope I may reconstruct. We were also fortunate

enough to find a single specimen of Calamocrinus off Morro
Puercos, in 700 fathoms, a part of the stem with the base.
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showing its mode of attachment to be similar to that of the

fossil Apiocrinidse. The number of Ophiurans was remarkably
small as compared with the fauna of deep waters on the Atlantic

side, where it often seems as if Ophiurans had been the first and

only objects created. The absence of deep-sea corals is also

quite striking. They play so important a part in the fauna of

the deeper waters of the West Indies, that the contrast is most

marked. Gorgonise and other Halcyonoids are likewise un-

common. We have found but few Siliceous Sponges, and all of

well-known types. Star-fishes are abundant, and are as well

represented in the variety of genera and species as on the At-

lantic side of the Isthmus. I may also mention the large num-
ber of deep-sea Holothurians (Elasipoda) which we obtained,
as well as a most remarkable deep-sea Actinian, closely allied

to Cerianthus, but evidently belonging to a new family of that

group. We found the usual types of deep-sea West Indian

Annelids, occasionally sweeping over large tracts of mud tubes

in the region of green mud. Although we dredged frequently
in most characteristic Globigerina ooze, I was much struck with

the absence of living Globigerinsc on the surface. Only on two
occasions during a calm did we come across any number of

surface Globigerinse and Orbulinse. On one occasion the trawl

came uj) literally filled with masses of a species of Rhabdamina

closely allied to R. lineata. Thus far, no pelagic Algse have
been met with.

It is interesting to note that at two localities we came across

patches of modern greensand similar in formation to the patches
discovered off the east coast of the United States by the earlier

dredgings of the Coast Survey, of Pourtales, and of the

Blake. Having always been more or less interested in pelagic

fauna;, and having paid considerable attention to its vertical

di.-tribution during my earlier cruises in the Blake, I was natu-

rally anxious to reconcile the conflicting statements and expe-
riences of the naturalists of the Challenger and Gazelle on one

side, and my own observations on the other. Both Murray and
Studer contended that, in addition to the deep-sea and pelagic

faunae, there was what rright be called an intermediate fauna,
with characteristic species, having nothing in common with the

other two ; while I maintained, on the other hand, from my
experiments in the Blake, that there was no such intermediate

fauna, but that the pelagic fauna might descend to a consider-

able depth during the daytime to escape the effects of light,

heat, and the disturbing influence of surface winds, and that

this surface fauna on the Atlantic side—off shore in deep water—did not descend much deeper than 150 to 200 fathoms. In

order to test this point, Dr. Chun, under the auspices of the

Naples Station, made an expedition to the Ponza Islands. Dr.

Chun applied to a tow-net an apparatus for closing it, similar to

the propeller in use on our ihermometer and water-cups. He
towed to a depth of 1400 metres, if I am not mistaken, but
never at any great distance from the mainland or from the

islands of the Gulf of Naples, and came to the conclusion that

the pelagic fauna existed all the way to the bottom. At the

time, I considered his experiments inconclusive, and was, of

course, anxious to repeat them in a strictly oceanic district, in

great depths, and at a considerable distance from shore. I had
an apparatus constructed by Ballauf, of Washington, similar to

that used by Dr. Chun. Unfortunately, in testing it we found

the pressure of the tow-net against the propeller shaft so great
as to make the machine useless, or, at any rate, most unreliable.

Thanks to the ingenuity of Captain Tanner, we overcame these

obstacles. He devised a net which could be closed at any depth

by a messenger, and which worked to perfection at 200, 400,

300, and 1000 fathoms, and had the great advantage of bringing

up anything it might find on its way up above the level at which
it was towed. The lower part of the bag alone was closed by
a double set of slings pulled by two weights liberated from a

bell crank by a messenger. We found that, in towing the net

at 200 fathoms for twenty minutes, we got everything in any
way characteristic of the surface fauna w hich we had fished up
with the tow-net at the surface. In addition to this, we brought

upfivespeciesof so-called deep sea Fishes, Scopelus, Gonostooaa,

Beryx, and two others, which had thus far been brought up in

the trawl, and considered characteristic of deep water. Also a

peculiar Amphipod, and the yop-ng of the new species of Wille-

moesia mentioned above. Wc then tried the same net at 300
and 400 fathoms, and in neither case did we bring up anything
in the closed part of the bag, while the upper open part brought

up just what we had found previously at a depth of 200 fathoms,

plainly showing that in this district the surface fauna goes down
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to a depth of 200 fathoms, and no farther. Next came our

single attempt to bring up what might be found, say within 100
fathoms of the bottom, and Captain Tanner's net was towed at a

depth of 1000 fathoms where the soundings recorded 1 100. Un-

fortunately, we deepened our water while towing only twenty
minutes to over 1400 fathoms, so that we failed in our exact

object. But we brought up in the closed part of the bag two

species of Crustacea, a Macruran and an Amphipod, both

entirely unlike anything we had obtained before. I hope in the

next cruise to follow this up, and determine also the upper limits

of the free-swimming deep-sea fauna. In the upper part of the

bag (the open part) we brought up a couple of so-called deep-
sea Medusa?, which must have been collected at a comparatively
moderate depth, judging from their perfect state of preservation.

I can hardly express my satisfaction at having the opportunity
to carry on this deep-sea work on the Albatross. While of course
I knew in a general way the great facilities the ship afforded, I

did not fully realize the capacity of the equipment until I came
to make use of it myself. I could not but contrast the luxurious

and thoroughly convenient appointments of the Alhatross with

my previous experiences. The laboratory, with its ingenious

arrangements and its excellent accommodations for work by day
and by night, was to me a revelation. The assistance of Messrs.

Townsend and Miller in the care of the specimens was most

welcome, giving me ample time to examine the specimens during
the process of assorting them, and to make such notes as I could

between successive hauls, while paying some attention also to

the work of the artist, Mr. Westergren. He has found his time

fully occupied, and we have in this trip brought together a con-

siderable number of coloured drawings, giving an excellent

general idea of the appearance of the inhabitants of the deep
waters as they first come up. These drawings can be used to

great advantage with the specimens in making the final illustra-

tions to accompany the reports of the specialists who may have

charge of working up the different departments. ...
We left Panama on February 22, and returned to Panama

after an absence of twenty days.

II.

^^
Albatross,'' Acapulco, April \i„ 1891.

We have reached the end of our second line of explorations.
After coaling we left Panama, and reached Galera Point, where
we began our line across the Humboldt Current, which was to

give us a fair idea of the fauna of that part of the coast as far as

the southern face of the Galapagos. With the exception of

three good casts, the trawling on that part of the sea bottom

proved comparatively poor, nor did the sea face of the southern

slope of the Galapagos give us anything like the rich fauna I had

expected. Theoretically, it seemed certain that a sea face like

that of the Galapagos, bathed as it is by a great current coming
from the south and impinging upon its slope, and carrying upon
its surface a mass of animal food, could not fail to coisiitute a

most favourable set of conditions for the subsistence and develop-
ment of a rich deep-sea fauna.

In the deeper parts of the channel between Galera Point and

the southern face of Chatham Island, we found a great number
of Elasipoda, among them several genera like Peniagone, Batho-

dytes, and Euphrosyne, represented by numerous species. Th p

Star-fishes of this, our second cruise, did not differ materially fro '""

those collected during our first trip, but we added some fine

species of Freyella, Hymenasier, Astrogonium, Asterina, and

Archasteridse to our collections. Among the Sea-urchins on

two occasions we brought up fine hauls of a species of

Cystechinus with a hard test, many specinnens of which were

in admirable state of preservation. Among the Ophiurans

nothing of importance was added, unless I may except a lot of

Ophiocreas attached to a Primnoa, and a pretty species of

Sigsbea attached to a species of Allopora, from the south side

of Chatham Island.

The Gorgonians were remarkably few in number, which is

undoubtedly due to the unfavourable nature of the bottom we
worked upon. Nearly everywhere except on the face of the

Galapagos slope we trawled upon a bottom either muddy or

composed of Globigerina ooze, more or less contaminated with

terrestrial deposits, and frequently covered with a great amount
of decayed vegetable matter. We scarcely made a single haul

of the trawl which did not bring up a considerable amount of

decayed vegetable matter, and frequently logs, branches, twigs,

seeds, leaves, fruits, much as during our first cruise.
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Our Crustaceans, from the nature of the bottom, naturally
consisted of the same groups of deep-sea types which we
obtained before. I may, however, mention a haul containing
a goodly number of Nephrops, a genus we had not previously
obtained.

Among the Worms the Maldan'as and I,imicolous types were

unusually abundant at some localities, the empty mud tubes

often filling the bottom of the trawl. Some very large speci-
mens of Trophonia were collected, and remarkably brilliantly
coloured (orange and carmine) Nemerteans and Planarians.

The Mollusks were very scanty, and the absence of Comatulae
or other Crinoids was equally disappointing, even when trawling
on the extension of the line started three years ago by the Alba-

tross, on the eastern face of the Galapagos slope, when on her

way from Chatham Island to San Francisco. We took up this

line off Indefatigable Island, hoping to obtain from that quarter
our best results, but our hauls were very disappointing. The
ground proved not only most difficult to dredge upon, but also

comparatively barren, and it was not till we got into the oceanic
basin again, between the Galapagos and Acapuico, that our
catches improved. But even then they were not to be compared
with the hauls at similar depths in the Atlantic off the West
Indies, or along the course of the Gulf Stream.

Among the Fishes, our most important catches were fine speci-
mens of Bathyonus, of Bathybrissa, of Hathypteroides, and a few

specimens of Ipnops in excellent condition.

From (he nature of the bottom we naturally expected rich

hauls of Siliceous Sponges, but we did not find many, and I do not
think there were many novelties among those we have collected.

On two occasions, a number of specimens of Ascidians were

brought up ; among them was a fine white translucent Corina^cidia.

Among the Bryozoans, the most noteworthy haul was a
number of beautiful specimens of the delicate Naresia, in ex-

cellent condition. On the line from the Galapagos to Acapuico
we brought up a good many Foraminifera from the mud bottoms.
On several occasions the bottom must have been covered with

huge masses of a new type of an arenaceous Foraminifer,

forming immense curling sheets attached by one edge to stones

or sunk into the mud. This Foraminifer seems to increase in

size by forming irregular more or less concentric crescent-shaped
rings. When it comes to the surface, it is of a dark olive-green
colour.

During this second cruise we continued our experiments with
the Tanner closing tow-net, in oider to determine the lower

J-
limits of the surface pelagic fauna, and to determine also if there

t is any so-called intermediate pelagic fauna at other depths, or
within a short distance from the bottom.
On March 25, at a point not quite half-way between Cape

I San Francisco and the Galapagos, in 1832 fathoms of water, the
Tanner net was sent down to tow at a depth which varied from

•739 to 1773 fathoms. The net was towed within these limits

for a period of something over twenty minutes. The messenger
was then sent down to close the net ; lime occupied seven
minutes. The net was then drawn up to the surface. The
lower part of it was found to have closed perfectly, and contained

nothing beyond a few fragments of leaves. The lower bag was

carefully washed in water which had been strained, and the

water examined with all possible care, and sifted again. It con-
tained nothing. The upper part of the net, however, which had
remained open on its way up, was found to contain the identical

surface things which on former occasions we had found in the

Tanner net down to a depth of 200 fathoms. They were a

small species of Sagitta, and species of Doliolum, Appendi-
cularia, a huge Sagitta, a large number of Leucifer and Sergestes,
and several species of Schizopods and Copepods ;

two species
of Hyperia, probably parasitic on a Salpa, which was also quite
abundant ; several finely coloured Calanus, some Isopods, and a

number of fragments of what must have been a very large Beroe,

measuring from five to s-ix inches in diameter; Leptocephalus,
several specimens of Stomias, of Scopelus, of Melamph^es, and
other species, many of which, like some of the Schizopods, had
been considered as typical deep-sea forms. Among the so-called

deep-sea Medusae, several specimens of Atolla and Periphylia
were also found in the open part of the net. I may mention
also as of special interest a huge Ostracod, allied to Crosso-

phorus, with a thin semi-transparent carapace, and measuring
somewhat more than one inch in length. The largest Ostracod

previously known is not more than one-third of an inch long.
On two other occasions this same Ostracod was brought up in

the tow-net from a depth of less than 200 fathoms.

The surface at this point was also examined with the tow-

net, and the pelagic animals found to be the same as those brought

up in the open part of the tow-net on its way from the bottom.

The number both of species and specimens was, however, much
less than in the Tanner net. On the following day the Tanner
tow-net was sent to be towed at a depth of 214 fathoms. In

twenty minutes the messenger was sent down and the net hauled

up. The bottom part of the net came up tightly closed. Its

contents were examined in the same manner as before in well

sifted water, and the water was found to be absolutely barren,,

while the upper part of the net, which came up open, and was
not more than eight or nine minutes on the way, was well filled

with surface life. The net contained this time a number of

Hyalseas and Criseis, in addition to the things collected the day
before. An examination of the surface fauna at this same point
with the tow-net showed the presence only in smallsr numbers
of the same species which the open part of the same net contained,

except that there were a larger number of bells and fragments
of Diphyes and of Cristalloides than in the Tanner net. The

point at which this experiment was made was about 250 miles from

the Galapagos, and about the same distance from Cape San
Francisco. There were myriads of Nautilograpsus swarming
on the surface of the water ; they literally filled the surface tow-

net. On two other occasions, once at a distance of 350 miles in a

south-easterly direction from Acapuico (depth 2232 fathoms),
we tried the same experiment with the Tanner net, and in-

variably with the same result. The net was towed at a depth
of 100, of 200, and of 300 fathoms, each time for twenty
minutes, the messenger sent down, and the bottom part closed.

At the depth of 100 fathoms, the closed part of the net con-

tained practically the same things as the open part of the net ;

at 200 fathoms, the lower part of the net contained but few

specimens of the surface life ; and at 300 fathoms, the closed

bottom net came up empty.
On the following day the surface was carefully examined, and

the tow net sent to 175 fathoms, where it was towed for twenty
minutes, and the messenger sent down to close it. The lower

net came up well filled with the surface pelagic species, which
on this day were unusually varied, it having been smooth and
calm the previous night, and the morning before the towing was
made. This haul was made in the evening, at 8 p.m. The

previous hauls had been made at about 10 a.m., in a brilliant

sunlight. Again, on April 11, about thirty miles south-east of

Acapuico, in a depth of over i8co fathoms, the Tanner net was
sent to a depth of 300 fathoms, and the messenger sent down to

close it. There was nothing in the lower part of the net which
had been closed, while the open part contained an unusually
rich assortment of surface species, and among them a large
number of Scopelus, of Schizopods, and of Rhizopods, mainly
Collozoun and Acanthometra.
These experiments seem to prove conclusively that in the open

sea, even when close to the land, the surface pelagic fauna does
not descend beyond a depth of 200 fathoms, and that there is

no intermediate pelagic fauna living between that depth and the

bottom, and that even the free-swimming bottom species do not

rise to any great distance, as we found no trace of anything
within 60 fathoms from the bottom, where it had been fairly

populated.
The experiments of Chun regarding the distribution of the

pelagic fauna have all been made in the Mediterranean, within

a comparatively short distance from the shore, and in a closed

basin showing, as is well known, special physical conditions, its

temperature to its greatest depths being considerably higher
than the temperature of oceanic basins at the limit of 200

fathoms, or thereabout, which we assume now to be the limit

of the bathymetrical range of the true oceanic pelagic fauna.

At 200 fathoms our temperature was from 49^ to 53^, while, as

is well known, the temperature of the Mediterranean soon falls

at 100 fathoms even to about 56°, a temperature which is con-

tinued to the bottom in this closed basin. Of course, if tem-

perature is one of the factors affecting bathymetrical distribution,
there is no reason except the absence of light which would

prevent the surface pelagic fauna from finding conditions of

temperature at the greatest depth similar to those which the

surface fauna finds within the limit of 200 fathoms in an open
oceanic basin.

Arriving as we did at the Galapagos at the beginning of a

remarkably early rainy season, I could not help contrasting the

green appearance of the slopes of the islands, covered as they
were by a comparatively thick growth of bushes, shrubs, and
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trees, to the description given of them by Darwin, who repre-
sents them in the height of the dry season as the supreme
expression of desolation and barrenness. Of course, here and
there were extensive tracts on the sea-shore where there was

nothing to be seen but blocks of volcanic ashes, with an
occasional cactus standing in bold relief, or a series of mud
volcanoes, or a huge black field of volcanic rocks, an ancient
flow from some crater to the sea ; but as a rule the larger
islands presented wide areas of rich fertile soil, suitable for

cultivation. The experiments at Charles Island, where there

is a deserted plantation, and at Chatham Island, where Mr.
Cobos has under successful cultivation a large plantation pro-

ducing sugar, coffee, and all the tropical fruits, as well as

extensive tracts on which his herds of cattle, sheep, and donkeys
roam towards the higher central parts of the island, show the

fertility of these islands. They are indeed as favourably situated

for cultivation as the Sandwich Islands or Mauritius, and there

is no reason why, if properly managed, they should not in the

near future yield to their owners as large returns as do those
islands.

I obtained from Mr. Cobos a piece of the so-called sandstone,
said to occur on Indefatigable Island, and which of course I

was most anxious to see, as the occurrence of true sandstone
would have put quite a different face on the geological history
of the Galapagos from the one usually received. This I found
to be nothing but coral rock limestone, either a breccia, or

slightly oolitic, identical with the formation found back of the
beach at Wreck Bay on Chatham Island. I found there an old
coral rock beach, extending on the flat behind the present
beach, composed entirely of fragments of corals, of moUusks,
and other invertebrates, cemented together into a moderately
compact oolitic limestone, which when discoloured, as it often

is, and turned gray, would readily be mistaken for sandstone.
This coral rock is covered by just such a thin, ringing coating
of limestone as characterizes the modern reef rock of other
localities. On nearly all the islands there are a number of

sandy beaches made up of decomposed fragments of corals and
other invertebrates, and cemented together at or beyond high-
water mark into the modern reef rock I have described. The
coral is mainly made up of fragments of Pocillopora, which is

found covering more or less extensive patches off these coral

sand beaches, but which, as is well known, never forms true

coral reef in the Panamic district. The only true coral reef

belonging to this district is that of Clipperton Island (if we can
trust the Admiralty charts), situated about 700 miles to the

south-west of Acapulco. But neither at Cocos Island, nor at

the Galapagos, nor anywhere in the Panamic district, do we
find true coral reefs—nothing but isolated patches of reef-

building coral. The absence of coral reefs in this district has
of course already been noted by other naturalists, who have
been struck by this feature in an equatorial region. Dana has
ascribed it to the lower temperature of the water due to the
action of the Humboldt current coming from the south, pouring
into the Bay of Panama, and then flowing westward with the
colder northerly current coming down the west coast of Mexico
and Central America. From the investigations made this year by
the Albatross, I am more inclined to assume that the true cause
of the absence of coral reefs on the west coast of Central
America is due to the immense amount of silt which is brought
down the hill and mountain sides every rainy season, and which

simply covers the floor of the ocean to a very considerable dis-

tance from the land, the land deposits being found by us even
on the line from the Galapagos to Acapulco at the most distant

point from the shore to the side or extremities. The mud in

Panama Bay to the hundred- fathom line is something extra-

ordinary, and its influence on the growth of coral reefs is un-

doubtedly greatly increased from the large amount of decomposed
vegetable matter which is mixed with the terrigenous deposits.
The course of the currents along the Mexican and the Central

and South American coasts clearly indicates to us the sources

from which the fauna and flora of the volcanic group of the

Galapagos has derived its origin. The distance from the coast

of Ecuador (Galera Point and Cape San Francisco) is in a direct

line not much over 500 miles, and that from the Costa Rica
coast but a little over 6co miles, and the bottom must be for its

whole distance strewn thickly with vegetable matter. The
force of the currents is very great, sometimes as much as 75
miles a day, so that seeds, fruits, masses of vegetation harbouring
small reptiles, or even large ones, as well as other terrestrial

animals, need not be afloat long before they might safely be

landed on the shores of the Galapagos. Its flora, as is well

known, is eminently American, while its fauna at every point
discloses its afifinity to the Mexican, Central or South American,
and even West Indian types, from which it has probably origin-
ated

; the last indicating, as well as so many of the marine types
collected during this expedition, the close connection that once
existed between the Panamic region and the Caribbean and Gulf
of Mexico.

I have already referred to the physiognomy of the deep-sea
fauna, showing relationship on the one side to Atlantic and West
Indian lypes, and on the other to the extension of the Pacific

types, which mix with the strictly deep-sea Panamic ones.
The western and eastern Pacific fauna, while as a whole pre-
senting very marked features in common, yet also present
striking differences. The vast extent of territory over which
some of the marine types extend, through all the tropical part
of the Pacific, may readily be explained from the course of the

great western equatorial current and the eastern counter current,
which cannot fail to act as general distributors in space for the
extension of a vast number of marine Vertebrates and In-

vertebrates.

Mr. Townsend made quite a large collection of birds from
Chatham and Charles Islands, considering the short time we
were there.

As soon as we have reached Guaymas, *I shall be able to give

you a better resume of the character of the deep-sea fauna of the

Panamic region, and of its relationship on the one side to the
Pacific fauna and on the other to the West Indian region.

III.

Guaymas, April 25, 189 1.

We left Acapulco on April 15 for our third cruise into the

Gulf o' California, and steamed as far as Cape Corrientes with-

out attempting to do any trawling. The character of the bottom,
as indicated on the charts, promised nothing different from what
we had dredged off Acapulco, and on the line from there to the

Galapagos Islands. We made one haul off Cape Corrientes,

bringing up nothing but mud and decomposed vegetable matter.
This induced us to keep up the Gulf of California till we were
off the Tres Marias. We there made several hauls, and ob-
tained som.e Umbellulce, Pennatula;, Trochoptilum, Antho-

ptilum, and a fine Antipathes, a few Comatulse, a large Astro-

pecten, some fine specimens of Urcchinus and of Schizaster, a
few Holothurians, Lophothuria, Trochostoma, and two species
of Elasipoda, besides a few fragments of Gasteropods, with an

empty shell of Argonauta.
Among the Crustacea there came up the usual types found

living upon muddy bottom, such as Glyphocrangon, Hetero-

carpus, Notostoma, Pentacheles, Nemalocarcinus, Nephrops,
together with species of Lilhodes and of Munida. The usual

types of Limicolous Annelid also were found here, Halinsecia,

Terebella, Maldania, and the like, a few Ophiurans, Ophio-
pholis, and Ophiocantha, a few fragments of Farrea, and a huge
Hyalonema ot the typeof //. toxeres. Among the Fishes there

were a few Macrurans, Bathypteroides, Lycodes, and Malthe.
The trawl was usually well filled with mud, and with the mud
came up the usual supply of logs, branches, twigs, and decayed
vegetable matter.

On going farther north into the Gulf of California, the nature

of the bottom did not change materially, and we found the

trawling most difficult from the weight of the mud brought up
in the trawl. But occasionally a haul was made which more
than repaid us for the time spent on the less productive ones.

Two of the hauls are specially worthy of mention, as being cha-

racteristic of the deep-water fauna of the Gulf of California, one
made in 995 fathoms, and the other in 1588 fathoms. We ob-

tained in these hauls a number of Ophiomusium and Ophiocreas,
some fine specimens of Schizaster, a new genus allied to Palseo-

pneustes, and also the same species of Cystechinus, with a hard

test, and of Phormosoma, which we had obtained before on
the line from the Galapagos to Acapulco. Beside these there

came up a number of specimens of an interesting species of

Pourtalesia, most closely allied to Pourtalesia miranda, the first

type of the group dredged in the Florida Channel by Count
Pourtales.

The deeper haul was specially rich in Holothurians, among
them a fine large white Cucumaria, some specimens of Trocho-

stoma, several species of Bathodytes, some of them remarkable
for their white colour, their huge size, and comparatively small
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number of ventral tentacles. With these were numerous speci-
mens of an interesting species of Euphronides. In this haul I

was specially struck with the Elasipoda, and the great variety in

the consistency of the skin in individuals of one and the same

species ; it varied in different individuals from extreme tenuity
to a comparatively tough gelatine-like consistency. On care-

fully sifting the mud, we found a number of interesting Fora-

minifera, and of delicate and minute Gasteropods and Lamelli-

branchs, fragments of the shell of an Argonauta, and two species
of a huge ribbed Dentalium. Among the Star-fishes were

specially noticeable a large Brisinga, a long-armed Cribrella,
and several species of Astropecten. The usual types of Worms
were found in the mud at these greater depths. In addition

to a number of Macruroids, we obtained a pink Amphionus,
a large black Beryx-like fish, a fine Nettastoma, and a

couple of species of Lycodes. The usual surface species of

Stomias and of Scopelus also came up in the trawl. Among
the Crustaceans were a fine lot of Arcturus, of Colossendeis, of

Glyphocrangon, and of a Caridid with a deep blue patch on the

base of the carapace, making the strongest possible contrast to

the dark crimson colouring of the rest of the body. Blue is a

very unusual colour in the deep-sea types, although the large

eggs of some of the deep-sea Macrurans are often of a light blue

tint.

We brought up in the trawl at various times, and subsequently
also in the Tanner net, from depths of less than 200 fathoms, the

same gigantic Ostracod which I mentioned in one of my previous
letters, several specimens of Atolla, and fragments of a huge
Periphylla, which must have been at least 15 inches in diameter.

Also a most interesting new type of Bougainvillia, remarkable
for having eight clusters of marginal tentacles, but only four

chymiferous tubes.

We continued our experiments with the Tanner tow-net. On
April 16, about 120 miles from Acapulco, we sent the net to tow
at a depth of 175 fathoms, and after towing for about twenty
minutes, sent the messenger to close it. On examining the

bottom part of the net, which came up tightly closed, we found

it to contain practically the same things as we obtained in the

surface net at the same spot.
On two occasions we sent the net to be towed at depths of

800 fathoms and of 700 fathoms, the depths at these points

being in one case 905 fathoms and in the other 773 fathoms. At
the greater depth, the water shoaled somewhat while towing, as

the closed part of the net came up partly filled with fine silt
;

while during the second haul, the twisting of the swivel wound
the straps of the weights round the rope, and the net came up
open, but must have dragged very close to the bottom, as it

contained a fine specimen of Nettastoma, and some Penseids,
which we supposed to be deep-sea types. Otherwise the net

contained only the customary surface species of Sagitta, Ptero-

pods, Copepods, Schizopods, Tunicates, and Fishes. These
two hauls were made about the middle of the Gulf of California,

at a distance of some fifty miles in a south-westerly direction

from Guaymas.
On April 23, a few hours before reaching Guaymas, we made

one more attempt with the Tanner tow-net, at a depth of 620

fathoms, sending the net to be towed at a depth of from 500 to

570 fathoms. We found in this case in the bottom part of the

net, which came up tightly closed, a Scopelus, a Penseid, and
a Hyalea, while the upper open part of the net contained the

same surface species we had obtained before.

My experience in the Gulf of California with the Tanner self-

closing net would seem to indicate that in a comparatively closed

sea, at a small distance from the land, there may be a mixture

of the surface species with the deep-sea bottom species, a condi-

tion of things which certainly does not exist at sea in an oceanic

basin at a great distance from shore, where the surface pelagic
fauna only descends to a comparatively small depth

—about 200

fathoms—the limits of the depth at which light and heat pro-

duce any considerable variation in the physical condition of the

water. The marked diminution in the number of species below

200 fathoms agrees fairly with the results of the National

Expedition.
The more I see of the Albatross the more I become convinced

that her true field is that of exploration. She is a remarkably
fine sea boat, and has ample accommodation for a staff of work-

ing specialists such as would be needed on a distant expedition.

The time will soon come when the Fish Commission will hardly
care to continue to run her, and I can conceive of no better use

for so fine a vessel than to explore a belt of 20° latitude north

I
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and south of the equator iin the Pacific, from the west coast of
Central America to the East Indian Archipelago.
The success of the Albatross thus far has depended entirely

upon the zeal, energy, intelligence, forethought, and devotion of

Captain Tanner, if I may judge of the past by the present. He
never spares himself, and he is always ready to make the most of

the time at his disposal for the benefit of the special object he
has in charge. He looks after every haul of the trawl himself,
and will not allow anyone else to jeopard in any way the

material of the vessel, or the time it requires to make a haul.

That responsibility he assumes himself, and it constitutes his

daily work. In looking over the records of the Albatross during
her voyage from New York to San Francisco, I am struck with
the amount of work which has been accomplished. It would
be but a just return to Captain Tanner if Congress would make
the necessary appropriations to work up and publish all that he
has brought together, not only on that cruise, but also what has

been left untouched thus far of the immense collections made

by him in the Caribbean, and off the east coast of the United

States, to say nothing of his explorations in the Gulf of Cali-

fornia, on the coast of California, on the coast of Alaska, and in

the Behring Sea, from which he has accumulated endless and
most interesting material, which no other ship could get together
unless she had another Tanner in command.
We reached Guaymas on April 23, in the afternoon, and I

parted from the ship with great regret, but more than satisfied

with the results of this expedition.
Allow me, in concluding, to thank you most cordially for

having given me the opportunity to join the Albatross on this

extended cruise, and for your kindness in urging the President

to allow the vessel to be detailed for this work.
As soon as it may become practicable, I shall send you a full

resume of our work, accompanied with sketches of the Tanner
tow-net and a detailed chart of the route we followed.

Very respectfully yours,

Alexander Agassiz.

THE ORIGIN OF THE ASS, THE CAT, AND
THE SHEEP IN CHINA.

A T a recent meeting of the China Branch of the Royal Asiatic
-^

Society in Shanghai, Dr. Macgowan, a well-known

Chinese scholar, read a paper on the probable foreign origin of

the ass, the cat, and the sheep in China. He said that the

Chinese, in their numerical co-ordination of concrete and abstract

nature, give the "six domestic animals" as the horse, ox, goat,

pigi dog, and fowl ; which seems to indicate that when that

formula was framed, neither cat, sheep, nor ass had been

domesticated there. When familiar beasts were selected to

denote years of the duodenary cycle, to the "six domestic

animals
"
were added the rat, tiger, hare, dragon, serpent, and

monkey, to complete the dozen, as if the ass, sheep, and cat

were too little known to meet the object in view, which was
the employment of the most familiar representations of animated

nature for the duodendary nomenclature. Still more striking is

the absence of the ass, sheep, and cat from the twenty-eight
zodiacal constellations, which are represented by the best-

known animals.

With regard to the ass, there is ample reason to regard it

as being excluded from the list of domestic animals

because it was not archaic. The hybrid mule is of com-

paratively modern origin in China, dating back only about a

score of centuries. A miscellany of the Sung era states that

"the mule was not seen during the Hsai, Shang, and Chou

dynasties ;
that it was a cross between the ass and horse from

Mongolia. It is regularly bred in the north, and is worth in

the market twice as much as the horse ; it is popularly reported
that its bones are marrowless, which is the reason of its inability

to produce its kind." Again, it is recorded in a Ming cyclo-

paedia :

" The mule is stronger than the horse, and is not a

natural product of China ; in the Han era it was regarded as a

remarkable domestic animal." Is it likely that, if the ass existed

during the three ancient dynasties, there was no crossing with

the horse ?

With regard to the cat. Dr. Macgowan proceeded to state

that there was a quotation from a standard work which dis-
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closes the fact that Yuang Chuang, the pilgrim monk, who, in

the seventh century a.d., returned after sixteen years' wander-

ings in India, brought cats with him to protect his collection of

Sanskrit Buddhist books from rats. That account, however,
is somewhat invalidated by an anecdote of Confucius, who
is related to have one day seen a cat chasing a rat. These

conflicting statements are from authoritative sources, and it is im-

possible to offer a satisfactory explanation. Possibly the cat of Con-
fucian times was only a partially domesticated wild cat. There
must have been some ground for the statement of the cat having
been brought from India, as it is hardly likely that in all the

long period of Chinese history it should be named but twice as
a domestic animal. He quotes from Chinese folk-lore on the

subject of cats. As cruelty to cats and other animals is followed

by retribution, so services rendered to them meet with supernal
recognition. As anciently the tiger was sacrificed to because it

destroyed wild boars, so the wild cat was worshipped because
it was the natural foe of rats

;
boars and rats being the natural

enemies of husbandry. At the commencement of the Sui

dynasty (a.d. 581), the cat spirit inspired greater terror than the
fox did subsequently. The hallucinations of cat spirit mania
prevailed, forming a remarkable episode in Chinese history,

only to be likened to the fanatical delusion of witchcraft that
frenzied Europe a thousand years later. It was believed that
the spirit of a cat possessed the power of conjuring away
property from one person to another, and inflected through
incantations bodily harm. The popular belief was intensified
and spread like an epidemic, until every disastrous affair that
took place was ascribed to cat spirit agency set in motion by
some mischievous enemy. Accusations were lodged against
suspected persons, and, the slightest evidence sufficing for con-

viction, the malicious were encouraged to trump up charges
against the innocent, until the country became a pandemonium.
No one was safe, from the Imperial family down to the humble
clodhopper. Even a magnate of the reigning house, who
enjoyed the titular distinction of Prince or King of Szechuan,
was executed for nefariously employing the agency of cat

spirits. In this manner several thousands were immolated
before the delusion was dispelled. Happily the period appears
to have been of brief duration : incentives such as kept up the
witch mania for centuries were wanting in China. Coming
down to our own times we find a cat-craft delusion prevailed
over a great portion of Chekiang.

' ' In the summer and autumn
of 1847 frightful wraiths appeared throughout the departments
of Hangchow, Shaohsing, Ningpo, and Taichow. They were
demons and three-legged cats. On the approach of night a
foetid odour was perceptible in the air, when dwellings were
entered by something by which people were bewitched, causing
alarm everywhere. On detecting the effluvium in the air,
householders commenced gong-beating, and the sprites,

frightened by the sonorous noise, quickly retreated. This
lasted for sveral months, when the weird phenomena ceased."
Well did he remember, said Dr. Macgowan, the commotion
that prevailed in Ningpo throughout those months of terror.

Every gong that could be procured or manufactured for the
occasion was subject to vigorous thumping through the live-

long night, maintained with vociferations by relays of zealous
beaters. This deafening din was but a recrudescence of what
had occurred a few generations before—a panic which was only
exceeded by that which subsequently prevailed over the entire

empire.
With regard to sheep. Dr. Macgowan said the ancient

mode of writing the character for yatig, goat, was ideo-

graphic
—four strokes on the top to represent horns, two

horizontal strokes representing legs, and a perpendicular one to

represent body and tail. The modern form gives an additional

parallel stroke, like the word for horse
;

it is a simple not a

compound character, and when sheep came to be known,
instead of making a new character, the sheep was called the
"
Flun-goat," thus indicating its origin and affinity. Yang, goat,

is often translated sheep, the earliest instances being found
in one of the Odes, wherein the Court habiliments of Wen Wang
are called "lamb-skins and sheep-skins." This was about
1 160 n.c, but it is doubtful if these robes are really the skins of

sheep. It is not certain that such was the case, for the skins of

goats were used then, as now, for clothes. Hun-goats are not
named before the period of the Tang dynasty, say the seventh

century A.D. The goat was one of the sacrificial animals, as at

present, and was at the first selected for sacrifice when sheep
were unknown,
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In the discussion which followed, the conclusions of the paper
were not accepted by all the speakers ;

and it was agreed
that the subject was one worthy of scholarly investigation.

HAINAN.
'X'HEgreatislandof Hainan, off the south-eastern coast of China,

is but little known to Europeans, although since 1877 there
has been a treaty port there. Mr. Parker, the Consul at Kiungchow,
the port in question, lately made a short journey in the interior of
the island, of which he gives some account in a recent report. He
travelled about sixty miles up the Poh-Chung River, to within
a mile or two of Pah-hi, which is, at most seasons of the year,
considered the limit of navigation for all but the smallest craft.

He walked round the walls of Ting-an city, one of the disturbed
districts during the recent rebellions, on New Year's Day
(February 9) ; they are just one mile in circuit, and differ little

from those of other Chinese cities. Wherever he had an oppor-
tunity of walking diametrically across lengihy curves of the
river he found the inclosed area to be extremely well cultivated

;

though not so flat, its general appearance recalled many features
of the Tonquin delta, especially in its great wealth of bamboos.
The productions of the soil are much the same, the papaw,
areca-palm, sweet potato, turnip, ground-nut, orange-tree, &c. ;

but a peculiar Hainan feature is the cocoa-nut palm. Another

peculiarity of this region is the ubiquitousness of the dwarf

Pandamis, probably the same as the F. odoratissitiia of Fiji,
the fibre of which is used in the manufacture of grass-cloth,
and is usually known to foreign trade here as hemp. Much of
the land was under sweet potato cultivation, and every house-
hold seemed to possess a few pigs, of the very superior and

stereotyped Hainan variety, black as to the upper and white as

to the lower part of the body, with a dividing line of grey
running along the side from the snout to the tail. These whole-

some-looking pigs are fattened on the sweet potato, and do not

rely for sustenance upon precarious scavengering, as is the case
with the repulsive and uncleanly animals of North China.
Land contiguous to the river is irrigated by enormous wheels,

forty feet in diameter, of very ingenious construction, moved by
the current, needing no attention, and discharging perhaps one

i hundred gallons of water in a minute into the trough above,

day and night without intermission. He passed several large

pottery establishments ; but as at the New Year all business

and cultivation are suspended for a few days, the opportunity
was not a very good one for gathering precise information.
The temperature during the week ranged between 50° and
60° F. Game seemed plentiful everywhere, and he men-
tions that a German resident has recently made a very fine

collection of about 400 Hainan birds, embracing 154 species,
which will shortly be on their way to a Berlin Museum. One
of the commonest birds in the river is a spotted white and black

kingfisher of large size. Amongst the trees which attracted his

attention was one locally called the "great-leafed banyan,"
which looks remarkably like the gutta-percha tree

; the natives

seem to use its gum mixed with gambler, in order to make that

dye "fast" ;
but there is some doubt whether it is not the sap

of the real banyan-tree which is used for the purpose. A very
strong silk is made from the grub called the "

celestial silk-

worm," or, locally, "paddy-insect." This grub is found on a
sort of maple. When full-grown it is thrown into boiling
vinegar, on which the " head "

of the gut, or "
silk," appears; this

is sharply torn out with both hands drawn apart, and is as long
as the space between them, say five feet ; it is so strong that

one single thread of it is sufficient to make a line with which to

catch the smaller kinds of fish.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—The Chancellor of the University, acting as

Visitor of Pembroke College, has appointed the Rev. Bartholo-
mew Price, M.A., F.R.S., Senior Fellow, and Vicegerent of
the College, Sedleian Professor of Natural Philosophy, to ,be
Master of the College in the place of the late Dr. Evans. Prof,

Price, whose contributions to mathematics are well known, has

long taken a leading part in University business, and his appoint-
ment to the Mastership of the College, of which he has been a
Fellow since 1843, will be warmly approved.
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Postponement of FuH Term.—A meeting of the heads of
the Colleges and Halls was held under the authority of the

Vice-Chancellor at the re-iidenca of the Regius Professor of

Me licine, Sir Henry AcLiu.l. A report having been presented

by the medical officer of hialih as to the great prevalence of

influenza in Oxford, and the difficulty of procuring nursing and
medical attendance for the patients, it was unanimously
resolved to recommend the Colleges and Halls, and the delegates
of the non-collegiate students, to postpone the attendance of
the undergraduates to the end of the first week in P'ebruary,

being a fori night later than the time originally fixed.

Cambridge.—The University Reporter ol January 19 contains
an official notification by Prof Liveing, F.R.S., Chairman of
the Council of Cavendish College, that the College ceased on

January 15 to be a recognized Public Hostel of the University.
Mr. Buchanan, University Lecturer in Geography, announces

for tde present term a course of lectures on the development of
land surfaces under climatic and other agencies.

The Special Board for Physics and Chemistry propose to

establish two new special examinations for the ordinary B. A.

degree, one in chemistry, including certain papers in heat, elec-

tricity, and magnetism, and another in physics, including papers
in dynamics, elementary chemistry, and more advanced electricity
and magnetism. The examinations will include practical work
in some of these subjects.

Mr. W. N. Shaw, F. R.S., has been elected a member of
this Board, and Mr. S. F. Harmer a member of the Board for

Biology and Geology.

SCIENTIFIC SERIALS.
In \.\\eJournal of Botany for December 1891, Mr. W. West

describes a collection of Freshwater Algae from Maine, including
several new species and varieties ; and we have also Mr. W.
Carruthers's Report of the department of Botany in the British

Museum for 1890, recording important additions to the her-

barium and collections, by purchase, exchange, and gift ;

among the more interesting being the late Mr. J. Ralfs's type-
specimens for his

"
British Desmidieae."—Dr. D. H. Scott gives

a detailed account of the life and writings of the late Prof. Carl
V. Nageli.

In the Botanical Gazette for November 1891, Mr. E. J.
Hill describes the remarkable propulsive power possessed by
the "sling-fruit" of Cryptotania canadensis, belonging to

the Umbelliferse, by which the seeds are thrown out to a dis-

tance of at least 5 feet ; and Prof. Byron D. Halsted, a bacterial

disease which is exceedingly destructive to the melon crops and
other Cucurbitacere in America. The most important article in

the number for December is by Prof. Douglas II. Campbell, on
the relationships of the Archegoniatas, under which term he
includes the Gymnosperms, as well as the Muscinese and
Vascular Cryptogams. As in previous essays, Prof. Campbell
traces the phylogeny of all the higher forms of vegetable life to

the Hepaticae ; both Gymnosperms and Angiosperms having
probably been derived through the Ophioglossacese, Marattiacese,
and Isoeteae.—Prof C. V. Riley describes the new insect- pest
which is committing great ravages on dried plants in herbaria—
the larva of Carphoxera ptelearia, belonging to the Geometridte.

SOCIETIES AND ACADEMIES.
London.

Zoological Society, January 5.— Prof. A. Newton, F.R.S.,
Vice-President, in the chair.—The Secretary read a report on
the additions that had been made to the Society's Menagerie
during the months of November and December 1891. Amongst
these attention was called to four Spotted-billed Pelicans {Pelc-
camcs manillensis), received from Calcutta, and to a second

specimen of the Formosan Fruit- Bat—a species originally
described from an example received alive by the Society in

1873.
—Dr. E. C. Stirling exhibited some specimens of the new

Australian Marsupial {Notoryctes typhhps), and gave a short

account of the habits of this remarkable animal, as observed in

a specimen recently kept in captivity by one of his corre-

spondents.
—An extract was read from a letter received from Dr.

F. A. Jentink, calling attention to the recent acquisition by
one of his correspondents in Java of additional specimens of the

rare Bush- Rat {Pithechir melanurns).—Mr. Ernst Hartert
exhibited a series of eggs of the Common and other Cuci'.oos,

mostly collected by himself and trustworthy friends, and made
remarks on the question of the similarity of the eggs of the

Cuckoos to those of the owners of the nest in which they are

deposited.
—A communication was read froin Dr. J. Anderson,

F.R. S., containing notes on a small collection of Mammals,
Reptiles, and Batrachians made during a recent visit to Algeria
and Tunisia.— Mr. F. E. Beddard read a paper upon the Earth-
worms collected by Dr. Anderson during the same expedition.
Amongst them were examples of a new species of the genus
Microscolex. A second new species of the same genus, based
on examples collected by Mr. E. B. Poulton, F.R.S., in

Madeira, and proposed to be called M. poiiltoni, was also de-
scribed.—A communication was read from Mr. R. I. Pocock on
some Myriopoda and Arachnida collected by Dr. Anderson

during the same expedition.
—Mr. M. F. Woodward read a

paper on the milk dentition of Procavia {Hyrax) capensis. The
author showed that Lataste's canine has a counterpart in the

lower or mandibular series, and he described for the first time
two small vestigial upper incisors. Ho concluded that the teeth

named belong collectively to the first or milk set, and that the

formulation of the incisors of this genus as f is probably due
to the occasional persistence of the second upper milk-incisor.— Mr. Oldfield Thomas gave an account of the species of the

Hyracoidea, of which order he had lately examined a large
series of specimens. The author recognized fourteen species of

this group of Mammals, all of which he proposed to refer to one

^^nvs {Procavia) . Besides these, four geographical sub-species
were recognized. A new species was described as P. latastei,
from Senegal.

Geological Society, January 6.—Mr. W. H. Hudleston,
F.R.S. , Vice-President, in the chair.—The following com-
munications were read :

—On a new form of A^j;elacrinites {Lepi-
dodiscus Milleri, r\.%^.) from the Lower Carboniferous Lime-
stone of Cumberland, by G. Sharman and E. T. Newton.—^The

geology of Barbados; Part II. The oceanic deposits, by A.

J. Jukes-Browne and Prof J. B. Harrison.—Archaopneustes
abruptus, a new genus and species of Echinoid from the oceanic
series in Barbados, by J. W. Gregory. This genus belongs to

a group of Echinoidea which has given some trouble to

systematists, owing to the union of the characters of the orders

Cassiduloidea and Spatangoidea ; the other genera belonging to

the group are Asterostoma, Pseudasterostoma, and Pahropneustes.
The evidence of the new Echinoid throws light upon the
affinities of these genera. The main points suggested by a study
of the new species are: (i) the abandonment of the name
Pseudasterostoma as a synonym of Palccopneustes ; and (2) the
inclusion of the true Asterostoma, Palceopneiistes, and Archceo-

pneustes in the Adete Spatangoidea, whereby the Plesio-

spatangidas are left as a more homogeneous family, though
btreftofthe chief interest assigned to it. A tabular summary
of the nomenclature of the group is given. The best-known
fossil species of Asterostovia and Palceopneiistes occur in Cuba,
in deposits referred to the Cretaceous owing to the resemblance
of these Echinoids to the common Chalk Ecliinocorys sciitattis.

The new genus includes a species from the same deposit, which
is probably of the same age as the Bissex Hill rock from
which the new species was obtained ; this is at the top of the
oceanic series, and belongs to the close of the great subsidence.
After the reading of this paper, there was a discussion in which
the Chairman, Dr. Blanford, Prof. Sollas, Prof. Harrison, Mr.

J. W. Gregory, and Mr. W. Hill took part.

Dublin.

Royal Society, December 16, 1891.—Prof. A. C. Haddon,
President of the Scientific Section, in the chair.—Mr. E. W.
L. Holt read a paper on the eggs and larval and post-larval

stages of Teleosteans, obtained during the Society's survey of

fishing grounds on the west coast of Ireland. Thirty-three
species, chiefly food-fish, are dealt with. The eggs of Gadus
esmarkii, G. pollachius, and Rhombns megastoma, are described
for the first time ; those of Hippog'ossa platessoides (the long
rough dab). Scomber scomber (the mackerel), and Caranx tra-

chnrus (the scad), are also described. The development of the

long rough dab, turbot, brill, and several other species of flat-

fish, is traced upwards, to the assumption of the adult characters,
with more or less continuity. The paper concludes with a series

of tables containing an artificial classification of the pelagic eggs
of British marine Teleosteans for purposes of easy identification.
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—A second paper by the same author deals with the shore and
deep-sea fishes obtained during the survey, and contains de-

scriptions and figures of some of the more interesting forms.
The vertical and horizontal distribution is also discussed, and it

is pointed out that the west coast of Ireland is to a great extent
the meeting ground of the Scandinavian and Lusitanian or
Mediterranean fish faunas. An attempt is made to give a com-
plete list, with references, of all deep-sea fishes which have been
taken in Irish waters.—A paper was then read by Dr. E. J.

McWeeney, on a method of preparing Hyphomycetes, Saccharo-

mycetes, and Schizomycetes, as museum specimens, with a
demonstration of illustrative cultivations. After pointing out
that our natural history collections did not, as a rule, contain speci-
mens illustrative of these minute organisms, the author showed
that the appearances presented by the aggregate masses formed
by their cells could in many cases be made perfectly perceptible
to the unaided eye. A collection contained in suitable vessels,

comprising nearly ninety specimens, and including Actinomyces
grown on agar, potato, and turnip, Trichophyton, Acharion,
various species of Saccharotnyces, Bacillus tetatti, and many
others, was then demonstrated. The specimens were prepared
by Krai, of Prague, and the writer hoped soon to be able to add
species from Irish sources.

Paris.

Academy of Sciences, January ii.—M. Duchartre in the
chair.—On the resistance of coiled elastic springs to small

deformations, by M. H. Resal.—On the spontaneous oxidation
of humic acid and of vegetable soil, by MM. Berthelot and
Andre. If humic acid is allowed to stand in diffused light for

a short time, a change of colour occurs, and an appreciable
quantity of carbon dioxide is developed. It appears from this

that the brown-coloured constituents of vegetable soil furnish

carbon dioxide, and tend to become discoloured under the
influence of air and sunlight, by oxidizing. The action is said to

be purely chemical, and not the result of the growth of microbes.—Some new observations on the estimation of sulphur in veget-
able soil, and on the nature of the compounds containing it, by
the same authors.—New contribution to the chemical history of

the truffle ; analogy between the Terfaz or Kama of Africa and
Asia and the truffles of Europe, with regard to the relation be-

tween the chemical composition of soils and tubercles, by M. A.
Chatin.—On the Ecureuil of Barbary, by M. A. Pomel.—On
the hypergeometric series, by M. Andre Markoff.^—On plane
rheaux with equal invariants and asymptotic lines, by M. G.

Kcenigs.
—On series with positive terms, by M. V. Jamet.

—On
the use of orthochromatic plates in astronomical photography,
by MM. Fabre and Andoyer. (See Our Astronomical Column.)—On the theory of regelation, by M. H. Le Chatelier. The
consequence which follows from the formulas developed is that

compressed pulverulent ice, in contact with a liquid or vapour
less compressed, experiences an increase of solubility, fusion, or

vaporization that brings about an unstable condition of super-
saturation, which disappears by the crystallization of the ice in

the interspaces : this solution, followed by crystallization, con-
tinues until the spaces have completely disappeared and the nev^
has become transformed into a block of ice. The mode of

hardening is thus comparable to that of cements.—On a new
model of a reversible thermometer for the measurement of

deep-sea temperatures, by M. V. Chabaud.—New condensation

hygrometer, by M. Henri Gilbault. In order to determine
absolute or relative humidity with a condensation hygrometer,
the moment at which dew is deposited must be observed, and
the temperature of the surface upon which it is formed. Many
methods have been proposed to perfect the observation of the

moment when the dew appears, but only a few have taken into

account the equally important second condition. The author
has endeavoured to improve existing methods by causing con-

densation to take place on a thin sheet of platinized glass, and

measuring the variations of electrical resistance of the metal.

He finds it possible to determine the dew-point within ^jV of ^ de-

gree by his method.—Loss of the two kinds of electricity brought
about by light of high refrangibility, by M. E. Branly.

—On
metallic borates, M. A. Ditte.—On manganates of potash, by
M. G. Rousseau. It appears from the experiments that man-

ganate of potash, heated in the presence of a flux, gives rise

to two hydrated manganates. About 600° C., the hydrate
obtained is K20,i6Mn02,6H20 ; between 700° and 800°,

KgOjSMnOojSHaO is produced ; and the former compound re-

appears between 800° and 1000°.—On the reduction of benzine

NO. I 160, VOL. 45]

hexachloride
; condensation of benzine, by M. J. Meunier.—

On the formation of dextrines, by M. P. Petit.—On a new un-
saturated fatty acid of the series CnH2„-40o, by M. A. Arnaud.
--Influence, in bare soils, of the proportions of clay and organic
nitrogen on the fixation of atmospheric nitrogen, on the pre-
servation of nitrogen, and on nitrification, by M. P. Pichard.—
On the whistling language of the Canary Islands, by M. J.
Lajard.

—On the pelagic flora of Naalsoefjord (Faroe Isles), by
M. Georges Pouchet.—On the Upper Cretaceous of the Aspe
valley, its age and its relations, by M. J. Seunes.
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Manipulation of the Microscope : E. Bausch (Collins).

—Magnetic In-
duction in Iron and other Metals: Prof. Ewing {Electrician Office).
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Serials.—Journal of the Royal Agricultural Society of England, 3rd
series, vol. ii., Part 4, No. 8 (Murray).—Quarterly Journal of Micro-
scopical Science, No. 129 (Churchill).

—Journal of the Royal Staiisiical

Society, December (Stanford).
—Mind, January (Williams and Norgate).—

Geological Magazine, January (Kegan Paul).—Physical Society of London
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historischen Hofmuseums, Band 6, Nos. 3 and 4 (Wien, Holder).—Natura
ed Arte. No. 2 (Milano).—Journal of Anatomy and Physiology, January
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THE ASTRONOMICAL THEORY OF THE
GLACIAL PERIOD.

The Cause of an Ice Age. By Sir Robert Ball, Astro-

nomer-Royal for Ireland. Pp.180. (London: Kegan
Paul and Co., 1891.)

THIS
book gives a popular account of the theory of

Adhemar and Croll as to the causes of glacial

periods in geological history.

The author's power as a popular expositor is well

known, and this little book shows him at his best. He
knows when to drive a point home, and yet is never

tedious in his reiteration But he has given here some-

thing more than a lucid explanation, for he makes a

valuable contribution to the subject, and the book may
be read with advantage by those who are already

acquainted with the literature bearing on the theory.

The theory itself may be sketched in outline as

follows :
—

It is known that, under the perturbations of Venus and

Jupiter, the eccentricity of the earth's orbit varies within

certain limits. When the eccentricity is large, and when
the precession of the equinoxes brings tjie perihelion to

near the middle of, say, the northern winter, the annual

supply of solar heat is so distributed that there will be a

glacial period in the northern and a mild climate in the

southern hemisphere. Two or three maxima of glacia-

tion and mildness will usually succeed one another at

intervals of 10,500 years, because the eccentricity varies

with extreme slowness. When the eccentricity is small,
as at present, a moderate climate will prevail in both

hemispheres, whatever be the position of the perihelion.

The keynote of Sir Robert Ball's presentation of this

theory is given in a short mathematical appendix. I am
disposed to dissent to some extent from the manner in

which this view is set forth, but the general argument

will, I think, do much to convince the scientific world of

the truth of the theory, even where Croll's more elaborate

discussions failed to do so.

I will now give a paraphrase of the argument, and will

point out where it appears to me open to objection.

The time taken by the earth to describe a degree of

longitude round the sun varies as the square of its dis-

tance from the sun, and the intensity of solar radiation

varies inversely as the square of the same distance.

Hence the amount of heat received by the whole earth

during the description of a degree of longitude is

constant.

Let the year be divided into only two seasons, viz. the

northern summer or southern winter when the sun is

north of the line, and the northern winter or southern

summer when the sun is south of the line. Also let

similar days in summer and winter be defined as days on

which the sun sets (say at Greenwich) as much after

6 p.m. as before 6 p.m. ;
similar parts of summer and

winter will mean parts limited by similar days.
Now consider the solar heat incident on any specified

area of one hemisphere, during any specified portion of

the summer and during the similar portion of the winter.

Suppose that the heat incident on the area in the portion I
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of summer added to that incident on it during the
similar portion of winter be denoted by 2, and suppose
that the excess of the heat incident in the portion of
summer above that incident in the similar portion of

winter be denoted by ia ; then it is clear that I -f- <? is

proportional to the amount of heat received by the

specified area during the specified portion of its summer,
and I - a is proportional to the amount of heat received

by the area during the similar portion of winter.^ Thus
we may say that the contrast between the summer and
winter supplies of heat (for given area and given
portions of summer and winter) is represented by the
fraction (i -|- «) -f- (i

-
a).

This is, of course, equally true when the whole hemi-

sphere, and the whole of summer and winter, are con-

sidered, and Sir Robert Ball shows that a is then equal
to 2 sin 23" 27' -^ IT

; (i -f a) -^ (i
-

«) is found to be
almost exactly as 5 to 3. Using percentages he gives
the ratio as 63 to 37, but the simple numbers 5 to 3
afford a closer approximation to accuracy.

It is clear that if the specified portions of summer and
winter embrace the solstices, and if the specified area is

tropical, a will be small, and if it is polar it will be large.
The fraction {\ -\- a) -^ (i —

a) continually increases as
we go northward, and it may be taken as a measure of
the severity of a climate. It is quite uncertain how far

the climate of any one place depends on the heat supplies
of the whole hemisphere on which it lies, and therefore it

is uncertain how large an area and how long a season
we ought to take into consideration in the present in-

vestigation. But I should have thought it legitimate, in

treating of the causes of glaciation, only to consider the

semi-annual heat supply of a polar cap, comprising, say,
all the area north of latitude 30° ;

thus would have made
(i -}-«) -^ (i

-
a) much greater than 5 to 3. It does not

seem to me, however, that we are bound to find an
answer to this almost insoluble problem.
So far we have considered the supply of heat whilst

the earth describes so many degrees of longitude round
the sun, but climate depends on the supply of heat during
a given time.

When the earth's orbit is circular, summer and winter

are of equal length, and so also are similar portions of

summer and winter ; thus the two ways of estimating
the heat supply coalesce, and the contrast between the

summer and winter daily supplies of heat is also repre-
sented by the fraction (i -\- a)

-— {\
-

a). The present
condition of affairs differs but little from this standard

case, and we know that the contrast between the summer
and winter daily supplies of heat is such as to produce
certain known climates, differing according to latitude.

' If Jtt ±<^ be the sun's hour angle at sunset on any day in summer, and
on the corresponding day in winter, and if the sun's parallax on those days be
proportional to i ± E, then it is easy to show that the amount of heat
received by unit area in the course of the day is proportional to

(i ± E)-[(<|) + cot <|)) ± In] sin S sin A,

where is is the sun's declination, + in summer and - in winter, and A is

the latitude of the place of observation.
It follows that, what is called in the text, the contrast for unit area in

latitude A, for this pair of days is—

L±£.(L±Ey; whereas -
-

.

1 - « \i — i./ 2(<^ + cot <f))

The expression for the heat supply on unit area during any portion ot

summer or winter involves elliptic integrals, which might be given if it

were worth while.

A triple integral is required to express the heat supply of any specified
area during any specified portion of the year.

o
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The question we have to ask is, If the orbit becomes

eccentric, how will the contrast of daily supplies be

affected ?

In order to answer this, let us go at once to the

extreme, when the eccentricity of orbit is a maximum.

We learn that if aphelion is at midsummer, summer will

be 199 days, and winter 166 days ;
and the converse is

true when the perihelion is at midsummer.

Since 199 is to 166 nearly as 6 to 5, we see that with

midsummer perihelion there are 5 days of summer to 6

of winter, and with midsummer aphelion there are 6 of

summer to 5 of winter.

Hence, with midsummer perihelion, the short summer

daily supply of heat may be taken as proportional to
|

i(i + rt), and the long winter daily supply as propor-
|

tional to \{\
-

a). Hence the contrast between the

short summer and long winter daily supplies is repre-

sented by ^i~r*"— ^
; that is to say, the standard contrast

5(1 -a)
is augmented in the ratio of 6 to 5. Next, with mid-

summer aphelion, the long summer daily supply of heat

may be taken as proportional to J(i + <^i and the short

winter daily supply as proportional to l(i
—

a). Hence

the contrast between the long summer and short winter

daily supplies is represented by ^)y-^\ ;
that is to say,

the standard contrast is diminished in the ratio of 5 to 6.

In the first case, the heat supply is less evenly dis-

tributed through the year than at present, and we have a

much more severe climate ;
in the second, it is more

evenly distributed, and we have a much milder one. It

follows also that, if we compare the two extreme cases

together instead of both with the mean case, the change

of contrast is represented by the ratio of (y- to 5^, or of

36 to 25.

I must refer the reader to the able discussion in the book

of the effects which we have reason to suppose would flow

from a change of contrast represented by the numbers 36

to 25 ;
and it must suffice to say here that it seems enough

to explain on the one hand the occurrence of the glacia-

tion of England, and on the other hand the occurrence of

sub-tropical plants in Greenland.

Now, the above seems to me to be substantially the

argument in the book, but I dissent from the stress laid

on the numerical determination of the quantity a. On

p. 90 Sir Robert says :
—

" This theory will be entirely misunderstood unless the

facts signified by these numbers (the evaluation of (i -\- a)

-T- (i
—

a)) are borne in mind. No one can discuss the

astronomical theory of the Ice Age unless the figures 63
and 37 (5 and 3 are more accurate) form a portion of his

consciousness, and the refrain of his every argument."

It maybe admitted that it might have been more difficult

to present the argument in a popular form without assigning

a numerical value to a, but Sir Robert Ball is fully equal

to such a task ;
and I contend that the numerical value of

a is beside the mark, even if a value, appropriate to the

investigation in hand, were attainable.

After presenting his own view of the questipn. Sir

Robert Ball says (p. 134) that Croll does not seem to

have been really aware of the full strength of the astro-

nomical theory, and in this I entirely agree. Croll, in

fact, rather weakens than strengthens his position when
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he tries to trace in detail the action and reaction of the

astronomical cause, for in doing so he is led to maintain

various theses which are not susceptible of proof, and are

even highly doubtful. He thus takes as the central point

of his position one at which it appears to me to be

weakest. In 1886 I wrote :
—

"
Adequate criticism of Mr. Croll's views is a matter of

great difficulty, on account of the diversity of causes

which are said to co-operate in the glaciation. In the

case of an effect arising from a number of causes, each
of which contributes its share, it is obvious that if the

amount of each cause and of each effect is largely con-

jectural, the uncertainty of the total result is by no means
to be measured by the uncertainty of each item, but

is enormously augmented. Without going far into

details, it may be said that these various concurrent

causes result in one fundamental proposition with regard
to climate, which must be regarded as the keystone of

the whole argument. That proposition amounts to this—
that climate is unstable.

" Mr. Croll holds that the various causes of change of

climate operate inter se in such a way as to augment their

several efficiencies. Thus, the trade-winds are driven by
the difference of temperature between the frigid and
torrid zones, and if from the astronomical cause the

northern hemisphere becomes cooler, the trade-winds on
that hemisphere encroach on those of the other, and the

part of the warm oceanic current, which formerly flowed

into the cold north zone, will be diverted into the southern

hemisphere.^ Thus the cold of the northern hemisphere
is augmented, and this in its turn displaces the trade-

winds further, and this again acts on the ocean currents,
and so on

;
and this is neither more nor less than in-

stability.
"
But, if climate be unstable, and if from some of those

temporary causes, for which no reasons can as yet be

assigned, there occurs a short period of cold, then surely
some even infinitesimal portion of the second link in the

chain of causation must exist ;
and this should proceed,

as in the first case, to augment the departure from the

original condition, and the climate must change."^

I see no reason to depart from what I said five years

ago, but I now learn from this book how it is that Croll

mistook the strong points of his own theory, and that a

more forcible proof of it may be contained in a short

work than in an elaborate volume. After expressing this

opinion, it is but fair to quote and indorse the following

passage (p. 112) on Croll's famous work on "Climate and

Time":—
"

I was greatly struck," says the author, "by this work
when I first read it many years ago Subsequent ac-

quaintance with this volume . . . has only increased

my respect for the author's scientific sagacity, and my
admiration for the patience and the skill with which he

has collected and marshalled the evidence for the theory
that he has urged so forcibly."

There are a few other points in the " Ice Age," not

involved in the main line of argument, on which I should

like to comment.

The method adopted of stating the disturbing forces

of the planets on the earth appears to me unduly sensa-

tional. We learn (p 74) that the disturbing force of

Venus is 130 million million tons, and it is impossible

not to be impressed with the magnitude of the force.

But if we had been told that the disturbing force on each

pound of the earth's mass was only 1/7000 of a grain,

I Ball (p. 134) fails to see the force of this argument.
^

Brit. Assoc. Report, i886, Address to Section A.
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we should have been equally impressed with its insigni-

ficance—and yet the two statements are virtually the

same. In fact, the unscientific reader is not likely to

realize the prodigious number of pounds in the earth's

mass.

It may be remembered that Croll computes, in
" Chmate

and Time," the value of the eccentricity of the earth's

orbit from Leverrier's formulae, and endeavours thus to

assign actual dates to various glacial periods. Now, Sir

Robert Ball very justly will not admit that our knowledge
of the solar system is accurate enough to justify the ap-

plication of these formulae to the enormously long inter-

vals of time involved. I think, however, that it would

have been of interest to the general reader to be told in

round numbers the kind of intervals which we have
reason to believe may have elapsed between one glacial

period and the next
;
in fact, to learn whether the intervals

are probably millions of millions of years, or hundreds

of thousands of years. I conjecture that our knowledge
of the planetary movements is sufficient to enable us to

say that such an interval may be something comparable
with 200,000 years. I should like, further, also to ask

Sir Robert Ball whether he does not consider that Le-

verrier's formulae may probably be relied on to give at

least a rough approximation for about 100,000 years in

the past ; and, if this is so, whether we might not conclude,
with fair probability, that the last glacial period occurred

about that number of years ago ? I must, however, dis-

claim any special knowledge on this point, and I should

gladly see his opinion, or that of any other physical

astronomer, on the matter.

In conclusion, I wish to say that, in making the fore-

going criticisms and suggestions, I have no intention of

disparaging the book
;
on the contrary, it is only because

it is a good book that it is worth while to consider it

carefully. I have found it profoundly interesting from

end to end, and I am convinced that it will be widely

read, as it deserves to be. G. H. Darwin.

POPULAR ZOOLOGY.
Am^ial Sketches. By C. Lloyd Morgan, F.G.S., Prin-

cipal of University College, Bristol. (London : Edward

Arnold.)

THIS
is one of those delightful books of natural

history for yOung people which their parents never

had the benefit of, and for which they ought to be duly

thankful. A competent naturalist here gives them the

result of his full and varied knowledge, but gives it so

blended with imagination and humour, so intermingled

with anecdote and personal adventure or observation, as

to make it a real story-book about animals, by reading

which we learn much of their lives and habits, their

peculiarities of structure and their relations to each other,

while we seem to be only reading for amusement. There

is nothing systematic in this volume. It is merely a

collection of miscellaneous chapters on a variety of

anim.als, beginning with the lion and ending with the

oyster, every chapter of which is both pleasant and

instructive.

The best way to notice a book of this kind is to give a

few examples of the author's style, which in this case will
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certainly commend the book better than any description
of its contents. First, then, as a bit of serious biology,
we will give a passage on the nesting-habits of the

ostrich.

" The nest is scooped out in the sand, and two or
three hen-birds may combine to lay their eggs in it, to

the number of about twenty. It is said, and that by
several observers, that, besides the eggs laid in the nest,
each hen lays several in the neighbourhood, and that

these are broken when the young are hatched, and the
contents are given them as food. But I am inclined to

regard these statements with some suspicion. The hens
take turns in sitting during the day, never leaving them
long in the scorching heat of the South African sun. But
at sun-down the cock-bird takes charge of the eggs, and
sits throughout the night. He is not going to be bound
by any conventional rules as to the proper division of
labour between the sexes.

" A very careful observer, Mrs. Barber, has drawn
attention to the fact that the indistinct grey colours of
the hen ostrich are wonderfully adapted for purposes of

concealment. These birds while upon their nests do not
erect their necks, but place them at full length in front of

them upon the ground ;
and the grey-brown body might,

Mrs. Barber says, be easily mistaken for some other

object, such as, for instance, an ant-hill, so common
on the plains of South Africa. That so large a bird

should be inconspicuous may seem surprising ; but
another observer, Mr. W. Larden, tells us of his ex-

perience with the rhea, or South American ostrich, which
seems quite to bear this out.

* One day,' he says,
*
I

came across a rhea in a nest that it had made in the dry
weeds and grass. Its wings and feathers were loosely

arranged, and looked not unlike a heap of dry grass ; at

any rate the bird did not attract my attention until I was
close on him. The long neck was stretched out close

along the ground, the crest feathers were flattened, and
an appalling hiss greeted my approach. It was a pardon-
able mistake if for a moment I thought I had come across
a huge snake, and sprang back hastily under this im-

pression.'" The male ostrich, with his splendid black and white

feathers, would not be thus inconspicuous by day. But
he sits at night, and his strength and pugnacity would
induce most other creatures to let him alone. Mrs.
Barber describes the careful manner in which the female
bird approaches the nest in the morning, when her turn
for incubation has come. In wide circles, and apparently
in the most unconcerned manner, she will feed round the

nest, never once looking towards it, but gradually ap-
proaching nearer and nearer to it by diminishing each
circle as she walks round, until at length her perambula-
tions have brought her to within a yard or so of the nest,
when the birds will rapidly change places, the male

walking swiftly away, and not remaining in the vicinity
of the nest during the day. The wonderful rapidity with
which the change is effected is perfectly astonishing, and
it is impossible to see the exact manner in which it is

done, so swiftly do they change places."

As an example of Mr. Lloyd Morgan's lighter manner,
what can be more attractive than the opening sentences

of his chapter entitled
"
Long-nose, Long-neck, and

Stumpy
"

?

" ' And which of all the animals in the Zoo do you like

best ?
'

I said to a bright, fair-haired little girl whom I had
assisted in her descent from the elephant.

" '
I think I like Long-nose, Long-neck, and Stumpy

best, because they are so big and curous, and Long-nose
best of all because he has given me a ride. Did you
know it was his nose ?'

" Of course I affected the most extreme surprise and
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delight at the novel suggestion that the big, patient ani-

mal's trunk was really his nose, and said that I had always
thought it was his proboscis." '

No, it isn't that, it's his nose. Auntie says so.

That's Auntie over there, waiting for me. I suppose
you's seen Stumpy.?'"

I inquired who Stumpy was, and whether I might
not know him by another name.

" '

I think they sometimes call him Pottums. But we
call him Stumpy. Now I must go to Auntie.'"

And then our author tells us much about those three

strange and remote types, the elephant, hippopotamus,
and giraffe, in his own pleasant manner— their singular

structure and habits, their external diversities concealing
so much internal resemblance—devoting, however, most

attention to the elephant, and correcting some exaggerated
statements that have been made respecting that animal.

One of the most interesting chapters is that on snakes.

It is full of information, and there is an almost fascinat-

ing account of the whole process of capturing and de-

vouring its prey by a python, as observed at the Antwerp
Zoological Gardens. Prof. Lloyd Morgan has visited, or

lived in, many lands, and often enlivens his pages with

personal anecdotes, of which the following is by no means
the most remarkable :

—
" My first experience of South African death-dealing

snakes was somewhat different. One of my pupils

brought me, in a large cigar-box, a '

ring-hals-slang,' a

deadly and courageous snake not uncommon at the Cape,
and turned him out on the verandah for our delectation.

He was a spiteful little fellow, with an ominous hood,
dark glossy skin, and glistening brown eye. He struck

viciously at the cigar-box held up before him, indenting
the wood, and moistening it with venom and saliva. I

was particularly anxious to dissect out the poison-

gland and examine the poison-fang of the snake, so

my friend kindly presented it to me, replacing it in

the cigar-box, which he tied securely. After examin-

ing the fastenings, I placed the box on the window-
sill of my bedroom, which looked out into the veran-

dah, and left it there for the night. Next morning I

procured a large washing-pan, big enough to drown a
small python, placed the cigar-box therein, loaded it

with a couple of bricks, and poured in water to the brim.
I gave the

'

ring-hals
' three good hours to get thoroughly

drowned, removed the bricks, took out the box, gently
cut the string, lifted the lid—and found that I had been

drowning with the utmost care an empty cigar-box. It

had been securely tied, and how a creature more than
thrice the girth of my thumb had managed to escape
was, and still is, a mystery to me.

"
I leave the reader to imagine the detailed search of

every cranny of our bedroom, on which my wife insisted.

For several days every boot had to be hammered with a

stick before it was put on
;

I stood on a chair and shook

every pair of trousers, and other analogous garments,
lest they should be already occupied. But no '

ring-hals
'

was forthcoming. And 1 suppose it must have been a

week or so afterwards that 1 was summoned to the

kitchen to expel an unwelcome intruder—the black cook

being, so far as her skin permitted, pale with terror—which

proved to be none other than the missing
'

ring-hals.' I

despatched him promptly, but not by drowning."

Among the specially good chapters are those on " Cousin

Sarah," the chimpanzee ;
on the sparrow as typical of

birds, under the title
" Master Impertinence" ;

on chame-

leons, frogs, sticklebats, crayfish
—but it is useless to par-

ticularize when all are good. The book is well illustrated,
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both with pictures and diagrams ; and we may especially

note that the structure of the elephant's tooth and that of

the bee's compound eye are clearly elucidated by the cuts

that accompany the descriptions.

Lastly, there is a pervading tone of sympathy with all

that lives, as well as a general love and admiration of

Nature, that renders it a most suitable work for the

young. The cover and general get-up are attractive, and

every school should add this charming volume to its list

of prizes, with the certainty that it will be highly appre-
ciated for its own sake by the recipients, and that its

influence will be altogether wholesome and good.
A. R. W.

PHYSIOLOGICAL CHEMISTRY FOR MEDICAL
STUDENTS.

Outlines of Practical Physiological Chemistry. By F.

Charles Larkin, F.R.C.S., and Randle Leigh, M.B.,

B.Sc. Second Edition. (London : H. K. Lewis,

1891.)

THE
authors state in their preface that this edition of

the work is
" the result of seven years' experience

in teaching the subject to medical students," from which

we gather that the medical student is being treated in

the physiological laboratory in much the same spirit as

he has long been dealt with in that of the chemist. The
work before us is constructed upon an essentially similar

principle to those numerous little treatises, the be-all and

the end-all of which is to instruct the medical student in

three months how to analyze simple salts. For such

treatises, and the unedifying kind of instruction to which

they give rise, neither teacher nor student is to be

blamed : the fault lies with the authorities who frame the

medical curriculum and the syllabus for the subjects of

examination. The root of the mischief lies in having to

treat the medical student during his preliminary scientific

training as a separate genus from the student of general

science, a course which is rendered necessary through the

attempt to crowd such a large number of subjects into a

period of time which is wholly inadequate for the purpose ;

whilst another evil tending to degrade the standard of the

examinationsis the existenceofcompetingcorporate bodies

possessingthepowerofgranting medical qualifications. For

these ills the obvious remedies are, on the one hand, ex-

tension of the minimum time occupied by the curriculum,

whilst, on the other hand, a uniform standard for quali-

fication is required for the whole of the United Kingdom :

fortunately, both of these changes are already in progress.

Considering thenecessarily technical and empirical charac-

ter of the greater part of medical education proper, it is, in

our opinion, of the greatest importance that in the teach-

ing of the pure sciences to medical students there should

be as little empiricism and rule-of-thumb as possible ;

and it is, therefore, just in his study of chemistry that

the future physician and surgeon should receive an in-

sight into the scientific use of the understanding.

Now, it is in this respect that the work before us, which

contains a large number of facts arranged in a handy

form, falls short of what is required. The subject of

physiological chemistry is still at best such a very em-

pirical one, that it becomes the more necessary to give an
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explanation of phenomena whenever they are properly
understood. It will be urged by some that such informa-

tion is out of place in a practical manual, and that it

belongs to theoretical works and lectures on the subject ;

in our experience, however, the great difficulty in labora-

tory teaching is to make the student associate his prac-
tical work with v/hat he hears in the lecture-room or

reads in his study, and that it is only by continually

drawing his attention to the bearing of his experiments
that the latter are made to have any great educational

value. In short, it is only in this way that the instruction

in a chemical laboratory materially differs from that ob-

tainable in a kitchen, and that a work on practical

physiological chemistry will be raised above the level of

a hand-book on cookery. By amplifying their work on
the lines indicated, we believe that its value to the

student would be much enhanced, for in its present form
it can only be used to much purpose under the guidance
of an accomplished and energetic demonstrator.

In conclusion, we must point out an error which should

hardly occur in a work professing to be the result of ex-

perience, still less in a second edition. On p. 29 the

student is told to prepare lactic acid as follows :
—"

Place

50 c.c. of milk in a warm chamber for several weeks
until it becomes strongly acid. Shake the ether, and
decant the ethereal extract. Evaporate the ether, add
extract residue with water. It is strongly acid, and

yields crystals \sic\ of lactic acid." The passage ob-

viously contains several printers' errors, but the crystalline
nature of lactic acid is new to us.

OUR BOOK SHELF.
Problems in Chemical Arithmetic. By E. J. Cox, F.C.S.

Pp. 76. (London: Percival and Co., 1891.)

This book contains a series of arithmetical examples
chosen to meet the requirements of the examinations
held by the Science and Art Department in the ele-

mentary stage of chemistry. There does not seem to be

any outstanding feature to distinguish the book from
others of its kind

; indeed, setting aside the actual exer-

cises, which may be useful to the teacher, the explana-
tions of the principles involved in the calculations are,
as a rule, meagre, and frequently inaccurate. Informa-
tion such as the following is, to say the least of it,

faulty :
" Whatever may be the weight of any given

volume of water, an equal volume of mercury under
similar conditions will be 136 times as heavy." This
conclusion was made to follow as a result pf an apparentlv
practical method of obtaining specific gravity, although
no mention whatever was made of temperature or its

effects in the description of the process.
The author keeps on repeating, without any qualifying

clause, that the formula of a compound represents the
molecule of the compound ;

and the student is led to

infer (pp. 19 and 20) that the empirical formula as found

by analysis serves to fix molecular weight. As a con-

sequence of the above idea, several problems are set—
such as, Find the molecular weight of starch, of fluor-

spar, &c.—which are misleading, since they cannot be
solved in practice.
The relationship between vapour-density and mole-

cular weight is given, but the use of the former as a
means of determining the latter is not even hinted at

;

and the author prefers to find the value of the ratio,
molecular weight to vapour-density, by the use of
numerical examples, rather than by a general process
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of reasoning, although all the necessary points have
previously been stated.

The examples include a series selected from the De-
partment examination papers, and a table of contents
and list of answers are included.

If the working of elementary problems in chemistry is

to be an intellectual process, founded upon an apprecia-
tion of fact and theory, which may be supplemented but
has not to be corrected by the student as he progresses,
books such as the above fail to fulfil this end.

LETTERS TO THE EDITOR.
[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Nature.
No notice is taken of anonymous communications. ]

The Theory of Solutions.

In Nature of December 31 (p. 193) occurs a review by
"J. W. R." of my book on "Solutions," which gives me
occasion to enter, in a few words, upon the questions there

brought forward, and to set right some errors, which have
recently appeared in other places as well.

First of all I wish to express to Mr. J. W. R. my cordial
thanks for the thorough and careful manner in which he has
made himself acquamted with the contents of my book. I

have no intention to discuss the objections made, some of which
I am quite willing to recognize as well founded, but to make
clear one important question in which I do not seem to be

properly understood by my critic.

Mr. J. W. R. begins his discussion with the words, "To
the fundamental question

— '
Is solution a physical or a chemical

process ?
'—the answers are various

"
;
and out of this variety

he evidently finds against me a reproach. I have intentionally
neither set up this question nor sought to answer it, for I hold it

to be unclear and therefore very harmful. To the question,"
Is gas-formation a chemical or a physical process ?

" would be
answered,

" In certain cases, as in the development of carbon
dioxide out of champagne, a physical one ; in others, as the

development of carbon dioxide from limestone, a chemical
one ; and in many cases, as in the development of hydrogen
from palladium hydride, one would be in doubt what to

answer." The question set up is faulty in implicitly assuming
that solution must be either a physical or a chemical process,
and by this prepossession he is hindered from recognizing that I

was entirely justified in placing the physical or chemical side of
the question in the foreground according to the nature of the
case. However, in case Mr. J. W. R. is not satisfied with this

explanation, and insists upon setting up this question, I must

postpone further discussion upon it until he shall have given
me a sufficient definition of the ideas "physical" and
"chemical" processes, and of their distinction. I know of no
such definition, and have consequently not made use of the

expressions.
From the definition of soltilion given by me, Mr. J. W. R.

concludes that I am a represeniative of the "physical theory"
of solutions, in contrast to which he places the "chemical

theory." I cannot repeat energetically enough that I have
never recognized such a contrast, and that I cannot at all admit
the existence of such a contrast. It has never been maintained,
either by me or by any other representative of the newer theory
of solutions, that no interaction takes place between the solvent
and the dissolved substance

; on the contrary, I have for years
directly encouraged research work directed towards making clear
the nature of such interactions. What distinguishes the new
theory of solutions, founded by van 't Hoff, from the others is

that it has succeeded in discovering and bringing into connection
a series of properties of solutions, which can be treated entirely

independently of the question ofa possible interaction between the

parts of the dissolved substance and of the solvent.

All these properties hang together with the fact that in the

making of a solution or in the altering its concentration there is

developed or absorbed a definite amount of free or available

energy, which is equal for equimolecular quantities of different

substances, and is independent of the nature of the solvent. The
amount of this free energy is the same as in the analogous
processes with gases. These are purely experimental facts.
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which, so far as I see, are not questioned by Mr. J. W. R. The
newer theory of solutions, in its entirety, is only a development
of the consequences of these facts

;
and if errors are present

therein, they can only be errors in the application, since the

premisses are correct : for the proof of such errors we can, of

course, in the interest of science, be only thankful.

It cannot possibly be used as an objection to the newer theory
of solutions that it concerns itself at present with those pro-

perties of solutions which depend only so far upon the nature of

the substance in question as one constant— the molecular weight—is concerned ; and which properties, like the relation holding
for gases between pressure, volume, and temperature, I have

proposed to term colligative properties. For Mr. J. W. R.

agrees with me that the nuoiber and variety of the conclusions

which have been drawn from this fact of the existence of these

properties is already very great, and it seems to be open to no
doubt that the possible applications are by no means exhausted.

It will certainly be the task of the future to take also into con-

sideration those properties of solutions which depend upon the

individual nature of substances ; and this has, indeed, already
to a certain extent been done in a particularly important case—
that of the change with the solvent of the molecular weight of a

dissolved substance, and especially that of the specific property
of water to form electrolytic solutions. But I do not believe

that we can be justly reproached for having endeavoured to first

solve the relatively more simple problems before turning to the

more complex ones. It will be here that what is termed by Mr.

J. W. R. the "chemical theory" will take its proper place.
I beg Mr. J. W. R. to recall the history of the rivalry between

these two "
theories." Van 't Hoffand his successors developed

the laws of solutions entirely without polemfcal strife, because,
since the fundamental ideas of van 't HofTs theory were entirely

new, there was nothing at all in its territory to combat, as till then
there was nothing there. The attacks upon van 't Hoff's theory
were begun by an investigator who had until then directed his

attention exclusively to the phenomena which I have above
characterized as individual, and who was evidently unprepared
to deal with such colligative properties. The defence had to

consist in an unceasing clearing up of misconceptions. Now,
the greatest of these misconceptions is, that both "theories"
are rivals. The existence and form of the laws founded by
van 't HofFand his successors stand at present beyond question ;

if the totality of these laws be termed the physical theory of

solutions (which I should not do), there is nothing to be

objected to this. But what has until now been known as the

hydrate theory has not been in a position to give any infor-

mation whatever in regard to these laws
; none of them have

been discovered with its aid, and since it has for its subject not

the colligative but the individual properties of solutions this

will not be otherwise in the future. In fact, the existence of the

colligative laws, or van 't Hoff laws, is entirely independent of
whether hydrates exist in solutions or not, and all attempts,
successful or otherwise, to demonstrate the existence and com-

position of such hydrates, lead conversely in no wise to the
van 't Hoff laws.

It will possibly not be superfluous to emphasize that with the
new theory of solutions the question is not one of hypotheses,
but of facts, of numerical relations. Whether one can form a

conception as to the cause of the colligative laws of solutions

with the aid of the kinetic molecular hypothesis or in any other

way, is, for the actual existence of these laws, just as much a
matter of indifference as it is for the existence of the laws of

gases. In my book the question is this one of facts, and

although I have therein made more use of molecular considera-
tions than I should at present hold to be proper, yet I have done
so only to render more clear the actual relations, and never to

prove quantitative laws.

The theory of solutions which I represent and defend con-

sists, accordingly, of a certain number of laws, i.e. of exact
relations between measurable quantities belonging to solutions.

I cannot see that that which as
" chemical theory

"
is set in

opposition thereto contains anything similar to this. The latter

contains in actual material certain methods—very doubtful ones
to my mind—for demonstrating the existence of compounds
between dissolved substance and solvent. The result of these

endeavours remains, however, in any event, entirely without in-

fluence upon those colligative laws. The same may be said of

the future answer to the question, whether an interaction, and
what, occurs between dissolved substance and solvent. In
order to render this apparent, I need only recall the fact, re-

cently observed by Goldschmidt, that the depression of the freez-

ing-point in a basic solvent, such as paratoluidine, caused by
dissolving in it an acid, has practically the same value as that

effected by the equal molecular quantity of an indifferent sub-

stance, althouiih in the first case a chemical compound is formed
and none in the second.

So, in the presentation of laws of solutions, as known up to

the present, and which form the subject of my book, the so-

called hydrate theory or chemical theory, did not enter into

the question, because it had discovered no law
oij^ anything like

general character. And further, that the methods and hypo-
theses of this

"
theory

"
cannot be yet looked upon as reason-

ably supported scientific results is known to the H nglish reading
scientific put 'lie from a number of papers published in recent

numbers of the Philosophical Magazine. W. OsTWALD.
Leipzig, January 4.

A Simple Heat Engine.
Ax the last soiree of the Royal Society, a beautiful experiment

was shown by Mr. Shelford Bidweli, illustrative of the fact thai

nickel ceases to be magnetic at a certain definite temperature. A

piece of nickel was arranged as the bob of a pendulum. As long
as the nickel was below a certain temperature it was held on one
side by a magnet, but when it was heated by a spirit lamp-flame
beyond a certain temperature it ceased to be attracted, and

passed out of the range of the flame
; it then cooled, and almost

instantly returned to its first position, again to be released by the

heat of the flame. It occurred to me that if a disk of nickel

were placed in a certain position in a magnetic field, and then

heated, it would continuously revolve. This on trial I found to

be the case.

The experiment was arranged thus :
—The nickel disk bc,

5 cm. in diameter and I mm. thick, was mounted on an axle

passing through A
; it was held in a frame so that the faces of

the two poles, N, s, of an electro-magnet were at right angles to

one another ; the heat was applied at H ; the disk revolved in the

direction shown. A great many different positions were tried,

but the one indica'ed gave far the best results. The rotation

began when the part of the disk above the flame reacied 290° C.

The distribution of the lines of force passing through the disk

from edge to edge was examined by placing a sheet of a non-

magnetic metal above the disk when cold and when heated, and

sifting iron filings on to it. When cold, the lines of force were

uniformly disposed across it
;
but when the disk was heated, only

a few appeared to pass through the heated region. From this it

is evident that the fall on the healed side of the disk is always
less than that on the side which is not so hot, and to this the

rotation is due. Frederick J. Smith.

Trinity College, Oxford, December 31, 1891.

The Migration of the Lemming.
Dr. Andrew Wilson, in referring to my letter on the

Norwegian lemming, is under the very natural misapprehension—which I formerly shared—that "only a miserable remnant of

the original swarm "
reach the sea. Now, although it is true

that throughout their pilgrimage they are exposed to the attack

of every rapacious bird, beast, and biped, and that even the

Rendyr, which is by no means rapacious, never misses the

opportunity of obtaining a bonne bouche of grass a la saur krout

from their paunch, yet so prolific are the lemmings at this lime
that their numbers increase despite their enemies ;

some of

which, be it remembered, do not dare to follow them when they
leave the fjeld. During the last great migration I noticed that

the little pilgrims became much more numerous as they ad-
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vanced towards the fjord ; but probably no single individual of

those who began the exodus lives to share its fate—only the

inherited impulse survives in the offspring. These animals may
live in captivity for two years ; mine, at least, did so

; but, so far

as I know, no one else has succeeded in keeping them nearly so

long ;
and the reasons are curious. In the fir>t place, they fight

with each other inces>antly, and irrespective of sex ; and

secondly, they invariably defile their supply of water, so that

unless this can be made rtinning, they are sure to perish.
I turned out my little colony on Richmond Green, at an hour

when the almost ubiquitous boy was still abed, and I watched
their behaviour with a bo.x compass and a butterfly net. The
former article proved unnecessary, as they boxed the compass
for themselves, and the latter inadequate, as they ate their way
through the gauze with remarkable rapidity. I should add,

however, that they were all eventually recaptured, and that I

derivt d no information as to their sense of direction from the

experiment. Dr. Wilson states that naturalists generally
believe that the lemmings seek a " land of promise," or rather

of past fulfilment. I was under the impression that the credit

(or is it the reverse?) of the idea belonged to me, but under a

sun which sees so little that is new, I may well be mistaken ;

yet, singly or jointly, rightly or erroneously, I still believe that

these migrations were formerly of benefit to the species. That

they are not so now, is f)bvious ; but the chief intei^est seems to

lie in their periodicity, the marvellous fecundity which supports
them, and the remarkable faculty which directs them.

W. Duppa-Crotch.
Asgard, Richmond, January 14.

P.S.—Ab-ence from home prevented me from noticing the

letter of Prof. Romanes. To the former of his two queries
I reply that all the migrntions which I have noticed during

twenty years have crossed my lake, which lies nearly north and

south, whereas had they followed the valley and watershed they
would have been spared this labour and risk. The same

argument applies to Lake Mjosen and others. As regards the

second query, whether I believe in a sub-tropical Atlantis

or not seems to me to have as little bearing on a possible land-

connection between Norway and Iceland as on the Gnodwin
Sands. It has been suggested to me that at the close of the

latest glacial epoch the lemmings may have found it necessary
to migrate to the warmer western shores of the peninsula :

this, however, leaves the presence of the animals in Iceland

unexplained, save by the rather vague action of flotsam and

jetsam. In any case, I only wish to adopt the most con-

venient hypothesis, until it is disproved or supplemented by a

better one.—W. D-C, January 18.

In discussing the much-debated subject of the westward

migrati n of the Norwegian lemming, the primary cause—as it

appears to me—has been altogether overlooked.

This is, that the whole of Norway north of the Jotunhjem
region

—that is, the whole of the country of the Norwegian
lemmings—is simply the steep and narrow westward slope of a

long ridge of mountains.
When Mr. Collett says that "the wanderings take place ?'«

the direction of the valleys,^' he simply repeats in other words
the usual description of their general westerly course.

They breed in the uplands, and when very prolific the increase

must descend or perish, as they consume all the vegetation of

their birth-region and no further supplies of food are obtainable

either northward, southward, or eastward ; but downwards, i.e.

westward, the vegetation increases steadily as they proceed,
and the descending autumn snow-line pushes onward behind
them. Their devastation of meadows and oat-fields proves the

urgency of their downward or westward course.

There are lemmings also on the eastern slopes of the Kjolen
range, i,e in Sweden. We are told that the Swedish lemmings
pr< ceed to the Gulf of Bothnia and are there drowned. To do
this they must travel in the eastward and southward directions

of a much longer slope than the steep westward course of the

Norwegian lemming. A glance at a good map of Sweden and

Norway will show all this. W. Mattjeu Williams.
The Grange, Neasden.

The New Forest Bill, 1892.

In connection with the petitions in favour of this Bill, to I

which the signatures of persons interested in the New Forest
j
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are being obtained, I am frequently asked, "What is the

necessity for the Bill, and what is its object ?
" The facts of

the case may be shortly stated as follows. The " Woods and
Wastes

"
of the Forest comprise about 63,000 acres of land,

the whole of which were, prior to 1698, open and uninclosed ;

but under the authority of the Acts 9 and 10 William III.

c. 36 (1698) and 48 George III. c. 72 (1808), the Crown was

empowered to inclose, and keep inclosed, freed and discharged
from all rights of common, such quantity of land in the Forest
as would amount to 6000 acres, for the growth of timber. By
the Act of 14 and 15 Vict. c. 76 (the Deer Removal Act of

185 1), the Crown was authorized to inclose and plant with trees

any quantity of land, not exceeding 10,000 acres, in addition
to the 6000 acres already in inclosure under the authority of
the Acts before mentioned. The powers conferred by these

Acts are not repealed by 40 and 41 Vict. c. 121 (the "New
Forest Act, 1877 "), but the rights of inclosure are by sec. 5
of the last cited Act limited to "such lands as are at the date
of the passing of this Act inclosed, or as have, previously to

such date, been inclosed by virtue of commissions issued in pur-
suance of the said Acts or some of them." The New Forest

Act of 1877 practically secured the New Forest to the public,
but the Act is virtually repealed by the loth section of the

Ranges Act, 1891 (and other Acts therein referred to), under
the authority of which the War Department, with the consent
of the Commissioners of Woods and Forests, can take possession
of any part of the Forest for military purposes, and exclude
the public from the enjoyment of any tract so taken. Already
it is proposed to take 800 acres for a rifle range and the site of
a camp, and there is nothing to prevent the exercise of such

rights throughout the district, and the conversion of the Forest
into a second Aldershot. Wherever a portion of the Forest is

taken, the rights of the commoners, if they complain, will be

bought up and extinguished ; and thus, by taking different areas

at diflTerent times, the Commissioners may before very long ex-

tinguish the common rights, and reduce the Forest into private

ownership. It is clear that the proposed inclosure of 800 acres,
and the user of the Forest generally in the way described, is in

diiect violation of the spirit and intention, as well as of the

express provisions, of the New Forest Act of 1877.
The object, therefore, of the New Forest Bill is to make it

clear that the Forest shall not be deemed to be within the pro-
visions of the loth section of the Ranges Act, 1891, and that

the provisions of the New Forest Act, 1877, shall remain in

force.

The rights secured by the Act of 1877 and the preservation of
the Forest as an open space are of the greatest importance to

naturalist^, artists, and the general public, and every possible
eff'ort should be made to secure the passing of the Bill by signing

petitions in support of it. H. Goss.

Entomological Society, 11 Chandos Street,
Cavendish Square, W., January 26.

A Brilliant Meteor.
Last night, at loh. 55m, G.M.T., I had the good fortune to

witness the flight of a magnificently brilliant meteor. I was

standing outside in the south-east reentering corner of this

building, and happened to be looking up at the constellation

Leo, when the meteor suddenly flashed into sight from over the

roof of the Observatory, a little east of the zenith, and not far

from the stars k and 1 Ursse Majoris, passed east of Frocyon,
and did not disappear till it had reached a position about 5°
east of Sirius. An immediate reference to the map showed
the positions of its appearance and disappearance to be about

9h. -I- 48° and 7h.
—

15°.

For the greater part of its course it presented the appearance
of a broad band of deep yellow light, but after it had passed
about two-thirds of its path, it widened out into an elongated
mass, distinctly rounded on the front, and of a full violet

colour. From the middle of this round front the yellow band

again emerged, and was finally lost to view about 15° or 20°

further on. The violet mass would be about 5° in length. The
whole apparition occupied 4 or 5 seconds, and the band of light
was seen for an instant complete on the sky, stretching over
some 65°.
About 10 minutes later a small meteor shot out from a point

near the stars /x and \ Ursse Majoris, and disappeared in the
direction of Procyon. Thomas Heath.

Royal Observatory, Edinburgh, January 25.
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ON SOME POINTS IN ANCIENT EGYPTIAN
ASTRONOMY.

I.

I . Direction of Preliminary Inquiry.
T HAVE recently been prosecuting some inquiries on
*• the orientation of Egyptian temples which have led
me to the conclusion that in all probability the temples,
and the gods and goddesses in the Egyptian Pantheon
to which they were dedicated, were in some way con-
nected with the sun and certain stars. The method
adopted in the research has been as follows :

—
(i) To tabulate the orientations of some of the chief

temples described by the French Commission, Lepsius,
and others.

(2) To extend and check some of these observations
with special reference to my new point of view, in Egypt.

(3) To determine the declinations to which the various
amplitudes correspond. In this direction I have made
use of the Berlin Catalogue of star places from 1800 a.d.
to 2000 B.c.,1 some places for Sirius and Canopus which
have been obligingly placed at my disposal by Mr. Hind,
and approximate values given by the use of a precessional
globe constructed for me by Mr. Newton. This globe
differs considerably from that previously contrived by
M. Biot, about which 1 was ignorant when I began the
work, and enables right ascensions and declinations, but
especially the latter, to be determined with a fair amount
of accuracy for twenty-four equidistant points occupied
by the pole of the earth round the pole of the ecliptic
(assumed to be fixed) in the precessional revolution.

(4) Having the declinations of the stars thus deter-
mined for certain epochs, I have next plotted them on
curves, showing the amplitude for any year up to 5000
B c. at Thebes for a true horizon and when the horizon
is raised 1° or 2° by hills or mist.

(5) In cases where the date of the foundation of a
temple dedicated to a particular divinity has been
thoroughly known, there was no difficulty in finding the
star the declination of which at the time would give
the amplitude, and, in the case of series of temples
dedicated to the same divinity, an additional check was
afforded if the changes of amplitude from the latest to
the newest temple agreed with the changes of the
declinations of the same star.

This method also enabled me to suggest that certain
temples, the date of foundation of which was not known,
if they formed part of the same series, would thus have
the date of original foundation determined.

(6) These results led me to the conclusion that certain
stars had been used for temple purposes, to the exclusion
of others.

(7) The next point, therefore, was to determine why
these stars had been selected, and not others ; and the
precessional globe was used to study these stars, in rela-
tion to their heliacal rising and setting at different times
of the year, but especially at the summer solstice.

(8) The raison d'etre of the use of these stars at once
became evident in a very remarkable fashion, and indi-
cated that observations of them might certainly have
been made to herald sunrise.

In some cases the star rose heliacally with the sun, or
thereabouts

; in others, it set heliacally—that is, when
the sun was 10' below the eastern horizon.

2. The Building Ceremonials recorded in the

Inscriptions.
In a paper presented to the Society of Antiquaries in

May last, and elsewhere, I have given reasons to show that
the temple of Amen-Ril at Karnak was built in such a
manner that at sunset at the summer solstice—that is,on the longest day in the year—the sunlight entered the

'

Vicrteljahrsschr. der Astronoinischen GeselUchaft, vol. xvi. p. 9, 1881.
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temple and penetrated along the axis (more than a
quarter of a mile in length) to the sanctuary. I also
pointed out that a temple oriented in this manner truly
to a solstice was a scientific instnmient of very high pre-
cision, as by it the length of the year could be determined
with the greatest possible accuracy provided only that
the observations were continued through a sufficient

period of time.
All the temples in Egypt, however, are not oriented in

such a way that the sunlight can enter them at this or
any other time of the year. They are not therefore solar

temples, and they have not this use. The critical ampli-
tude for a temple built at Thebes so that sunlight can
enter it at sunrise or sunset is about 26' north and south
of east and west, so that any temples facing more northly
or southly are precluded from having the sunlight enter
them at any time in the year.

Thus at Karnak, to take an instance, there are two
well-marked series of temples which cannot, for the
reason given, be solar, since one series faces a i&\^

degrees from the north, and the other a few degrees
from the south. There are similar temples scattered all

along the Nile Valley. The first question, then, to ask
of the inscriptions is if there are records that these
temples were directed to stars, as the solar temples were
to the sun 1

As a matter of fact numerous references to the cere nonial
of laying the foundation-stones of temples exist, and we
learn from the works of Chabas, Brugsch, Diimichen,i
and others, that the foundation of an Egyptian temple
was associated with a series of ceremonies which are

repeatedly described with a minuteness which, as Nissen
has pointed out,'- is painfully wanting in the case of
Greece and Rome. Amongst these ceremonies, one
especially refers to the fixing of the temple-axis ; it is

called, technically,
"
the stretching of the cord," and is

not only illustrated by inscriptions on the walls of the
temples of Karnak, Denderah, and Edfu— to mention
the best-known cases—but is referred to elsewhere.
Another part of the ceremony consisted in the king

proceeding to the site where the temple was to be built,
accompanied mythically by the goddess Sesheta, who is

styled
"
the mistress of the laying of the foundation-

stone
"

Each was armed with a stake. The two stakes were
connected by a cord. Next the cord was aligned towards
the sun or star as the case might be ; when the alignment
was perfect the two stakes were driven into the ground
by means of a wooden mallet

; there was no difference
of procedure in the case of temples directed to the sun.
One boundary wall parallel to the main axis of the
temple was built along the line marked out by this
stretched cord.

If the moment of sun- or star-rise or set were chosen,
as we have every reason to believe was the case, seeing
that all the early observations were made on the horizon,
it is obvious that the light from the body towards which
the temple was thus aligned would penetrate the axis
of the temple thus built from one end to the other in the
original direction of the cord.
We learn from Chabas that the Egyptian word which

expresses the idea of founding or laying the foundation
stone of a temple is Senti—a. word which still exists in

Coptic. But in the old language another word Put-ser,
which no longer remains in Coptic, has been traced. It
has been established that Put means to stretch, and Ser
means cord, so that that part ofthe ceremonial which con-
sisted in stretching a cord in the direction of a star was
considered of so great an importance that it gave its

name to the whole ceremonial.
I will next refer to some of the inscriptions ; one, dating

from the last half of the third thousand B.C., occurs in

^

"
Baugeschichte des Dendera-Tempels." 1877.- Rheinischcs Museum filr Philologic, 1885, p. 39.
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the document describing the building of the temple of

On (Heliopolis). We read :
—"Arose the king, attired in

his necklace and the feather crown ;
all the world fol-

lowed him, and the majesty of Amenemha [first king of

the Xllth dynasty]. The Kolchyt read the sacred text

during the stretchmg of the measuring-cord and the

laying of the foundation-stone on the piece of ground
selected for this temple. Then withdrew His Majesty
Amenemha ;

and King Usertesen [son and co-regent]
wrote it down before the people."

Nissen, from whom [loc. at.) I quote the above, adds :
—

" On account of the stretching of the measuring cord,
the Egyptian engineers were called by the Greeks

apTiehovimTai, whose art Democritus boasts of having
acquired."
We next turn to Abydos, possibly one of the oldest

temple-fields in Egypt. There is an inscription relating
to the rebuilding of one of them in the time of Seti 1.

(about 1445 B.C.). In this the goddess Sesheta addresses

the king as follows :
—" The hammer in my hand was

of gold, as I struck the peg with it, and thou wast with

Fk; I.—The king and the goddess Sesheta stretching the cord at the
foundation of the Temple of Denderah. (From Diimichen.)

me in thy capacity of Harpedonapt. Thy hand held the

spade during the fixing of its [the temple's] four corners
with accuracy by the four supports of heaven." On the

pictures the king appears with the Osiris crown opposite
the goddess. Both hold in their right hand a club, and
with it they each hammer a long peg into the ground.
Round the two pegs runs a rope, tied together at the

end's, which is stretched tight.
In two cases the star used for the alignment is actually

named. Of these I will take, first, the record of the cere-

mony used in the building of the temple of Hathor at
Denderah.

3. The Alignment of the Temples of Denderah and
Edfu.

Denderah.—The inscriptions state that the king while

stretching the cord had his glance directed to the ak of
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the constellation of the Thigh
—the old name of the con-

stellation which we now recognize as the Great Bear, and
on this line was built the new temple,

" as had been
done there before."

The actual mscription has been translated as follows :—"The living God, the magnificent son of Asti [a
name of ThothJ, nourished by the sublime goddess in the

temple, the sovereign of the country, stretches the rope
in joy. With his glance towards the ak [the middle

.'']

of the Bull's Thigh constellation, he establishes the temple-
house of the mistress of Denderah, as took place there
before." At another place the king says :

"
Looking to

the sky at the course of the rising stars, [and] recognizing
the ak of the Bull's Thigh constellation, 1 establish the
corners of the temple of Her Majesty."

Here, then, we have more than evidence of the stretch-

ing of a cord towards a star
;
an actual constellation is

named, and it may be easily imagined in connection with
this that many interesting questions arise of the utmost

importance to the subject we are considering.
Diimichen, in his references to this passage, discusses

Fig. -The constellations of the Hippopotamus and Thigh, from the centre
of the Zodiac of Denderah. -

the meaning of the word ak in relation to some Theban
grave inscriptions, in which it is suggested that ak is used
to represent the middle course of a star, or, astronomically
speaking, its culminating point as it passes the meridian.
But such a meaning as this will never do in this connec-
tion ; for if a cord was stretched towards a star on the
meridian it would lie north and south, and therefore the

temple would be built north and south. But this is by
no means the orientation of the temple

—a point to which
I shall return presently.
But it may be suggested that the word ak, used in rela-

tion to the king's observation, more probably referred to

the "middle point" of the constellation which would be
about represented by the star a, which lies nearly in the
centre of the modern constellation of the Great Bear,
supposing, indeed, that the same stars were included in

the old constellation ; but on this point we certainly have
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no definite knowledge, as the Thigh is so variously repre-
sented ; sometimes there is a hind-quarter, represented
evidently by the well-known seven stars

;
at others, the

body of a cow (with horns and disk) is attached.

However this may be, without such a reference to some

particular part of the constellation it is obvious that the

stretched cord must have had a most indeterminate

direction.

In order to leave no stone unturned in attempting to

explain this description
—

supposing it to represent an
undoubted fact of observation, there is another possible

interpretation of the word ak which we may consider.

The amplitude of the temple being 73° N. of E., shows

conclusively that we cannot be dealing with the meridian,
but may we be dealing with the most eastern elongation
of the star in its journey round the Pole .''

I have inquired into this matter for the time of the last

building of the temple in the time of the Ptolemies, and
find that the amplitude of the temple, instead of being
73°, would have been about 70°. It seems probable, then,
that this interpretation will not hold, and it may be further

stated that, in the case of a star at a considerable dis-

tance above the horizon, the stretching of a cord in the

building ceremonial — the "
ausspannung der strickes," as

the words put-ser are translated by Diimichen—would

really have been no stretching of the cord at all, for the

star being many degrees above the horizon, another

the wooden peg and the handle of the club
;

I hold the

rope with Sesheta
; my glance follow s the course of the

stars ; my eye is on Mas;^et [that is, the '

Bull's

Thigh constellation,' or Great Bear] ; (mine is the part of
time of the number of the hour-clock) ;

I establish the
corners of thy house of God." And in another place :

"
I have grasped the wooden peg ;

I hold the handle of
the club ;

I grasp the cord with Sesheta
;

I cast my face
towards the course of the rising constellations ; I let my
glance enter the constellation of the Great Bear (the part
of my time stands in the place of his hour clock) ; I

establish the four corners of thy temple." The transla-

tion is Brugsch's. The phrases in brackets are in-

terpreted (lifferentlv by Uiimichen, who translates

them: "Standing as divider of time by his measuring
instrument," or "

representing the divider of time {i e. the

god Thot) at his measuring instrument." The word
merech or merchet^ in which Brugsch suspects hour- or

water-clock, does not occur elsewhere.
In this case, seeing that the temple lies with its axis

very nearly north and south, as 1 determined by my own
(magnetic) observations, the stretching of the cord was
certainly in or very near the meridian

;
and it may be

remarked that in the naos there is an opening in the roof,,
over the side of the second or third door from the

sanctuary, and inclined at an angle of 40° (unlike any
other opening that I have seen in the roof of any

Fig. 3.—-Another form of the constellation of the Thigh. (From Brugsch.)

method must have been employed, and in all probability
would have been distinctly referred to in the careful
statements of the ceremonies which exist

I think, then, that we are perhaps justified in discussing
this possible explanation, especially as rising stars are
referred to. We now come to considerations of a different
order. The inscription which we have quoted is put into

'

the mouth of the Emperor Augustus, though he never was
at Denderah.
This suggests that the temple built in the time of

Augustus carried forward the account of the old founda-
tion. There is evidence of this. The constellation of
the Thigh neither rose nor set in the time of Augustus— it

was circumpolar. The same statement may be made
regarding the restoration in the time of Thotmes III. So
we are driven to the conclusion that if we regard the

inscription as true, it must refer to a time preceding the

reign of Thotmes.

Edfu.—A reference to the same constellation (the

Thigh) is also made in the account of the ceremonial used
at the laying of the foundation-stone of the temple at

Edfu. The king's glance was directed—in the case of

the building of that temple—to the Thigh, but no precise
reference to any star or to any point ak is given.
As before, I give the full translation of theinscription,i

remarking that the last restoration was made B.C. 237-57.
The king is represented as speaking thus :

"
I have grasped

I Quoted from Nisien.

NO. 1 161, VOL. 45]

Egyptian temple), which may have been used to ob-

serve the transit of some particular star. The angle
I was not able to determine with absolute accuracy, as
the vertical circle of the theodolite I had with me was
out of adjustment.
Taking the latitude of Edfu as 25°, and assuming the

angle of 40° to be not far from the truth, the North Polar

distance of the star observed would be 15°.

This satisfies within a degree or so—and this is as

near as we can get till more accurate observations have
been made on the spot

— Dubhe, the chief star in the

Great Bear in the time of the Ptolemies.

I may here remark that, so far as I know, Edfu is the

only temple in Egypt on the meridian. If, therefore, it

were used, as on my theory all other temples were, it

could only have picked up the light from each of the

southerly stars, as hy the precessional movements they
were brought into visibility very near the southern

horizon.

In this respect, then, it is truly a temple of Horus, in

relation to the southern stars — the southern eyes of

Horus. But it was not a sun-temple in the sense that

Karnak was one ; and if ceremonies were performed for

which light was required, perhaps the apparatus referred

to by Dupuis (vol. i. p. 450) was utilized. He mentions
that in a temple at Heliopolis, whether a solar temple or

not is not stated, the temple was flooded all day long
with sunlight by means of a mirror. I do not know the
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authorities on which Dupuis founds his statement, but I

have no doubt that it is amply justified, for the reason
that doubtless all the inscriptions in the deepest tombs
were made by means of reflected sunlight, for in all

freshly-opened tombs there are no traces whatever of any
kind of combustion havinc taken place even in the inner-
most recesses. So strikingly evident is this that my
friend M. Bouriant, while we were discussing this matter
at Thebes, laughingly su^egested the possibility that the
electric light was known to the ancient Egyptians.
With a system of fixed mirrors inside the galleries,

whatever their length, and a movable mirror outside to
follow the course of an Egyptian sun and reflect its

beams inside, it would be possible to keep up a constant
illumination in any part of the galleries, however remote.

Dupuis quotes another statement that the greatest pre-
cautions were taken that the first rays of sunlight should
enter a temple (of course he means a solar temple).

J. Norman Lockyer.

( To be continued)

ON THE NUMBER OF DUST PARTICLES IN
THE ATMOSPHERE OF VARIOUS PLACES
IN GRL T BRITAIN AND UN THE CON-
TINh NT, WITH REMARKS ON THE
RELATION BETWEEN THE AMOUNT OF
DUST AND METEOROLOGICAL PHENO-
MENA.—Part II}

HP HIS paper contains the results of the observations
-• made on the dust of the atmosphere at various
places in 1890. These observations were made by the
author at the same stati ns, and about the same dates, as
those made in 1889, and given in Part I. of this subject,
read before the Society on February 3, 1890.
At Hy^res. in 1890, the highest number of dust particles

observed was 15,000 per c.c, with a wet bulb depression
of 5°, the atmosphere at the time being very thick. The
lowest was 725 per c.c, with a wet bulb depression of 9°-5,
when the air was very clear.
At Cannes very iew observations were made on this

occasion. The numbers varied from 1275 to 2850 per c.c.
The wind during the time was always northerly.
At Mentone the numbers varied from 26,000 per c.c.

when the wind was from the town, to about 900 per c.c.
when it was from the mountains, with a wet bulb depres-
sion on both occasions of 3^= ; the air was clear with the
lower number and thick with the higher.
At Bellaj^io, when the wind was southerly—that is, from

the inhabited districts—the number of particles was great,
on one occasion as high as 20,000 per c.c. But when the
wind blew from the north—that is, from the direction of
the Alps—the number fell as low as 600 per cc. on one
occasmn. With the low numbers the air was clear,
whereas with the high numbers there was always a good
deal of haze, though the air was dry.

All the observations made at Baveno were made while
the wind blew from the inhabited areas, and the air was
never clear, although on some days it was very dry.
The highest number observed at this station was 16,000
per c.c, and the lowest 2000 per c.c
The observations made at the Rigi Kulm from May

15 to 20 are then discussed. There was a marked
difference in the appearance of the air on this occasion
compared with what was seen on the first visit. During
the previous visit the weather was generally fine, and the
air had that crisp clearness which gives the hard outline
and crude colouring one generally associates with Swiss
scenery ; whereas on the second visit the air was remark-
ably thick and heavy.

'
Abstract of a Paper read before the Royal Society of Edinburgh on

January 4, hy John Aitken, F.R.S. Cuinrnunicattd by permission of the
Council of ihe Society.
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The highest number observed on the first visit to the

Rigi was not much over 2000 per c.c, while the number
was as high as 10,000 on the second. The same relative
condition of impurity existed at the low level also. On the
first occasion the number at the level of the lake varied
from 600 to 3000 per c.c, whereas on the second visit

they varied from 1700 to 13,000 per c.c. Roughly
speaking, there was about four times the amount of dust
in 1890 there was in 1889, and the air was about four
times as thick.

On the way up the Rigi the air was tested at the level
of the lake and found to have about 11,000 particles per
c.c There was a very thick haze at the time, through
which the mountains loomed darkly. This thickness
was evidently not due to humidity, as the wet bulb showed
a depression of 10 degrees. This very thick haze was
therefore due to fairly dry particles of dust. On arriving
at the top of the mountain in the afternoon, the air was
tested and found to have slightly over 4000 particles
per c.c.

During the first four days of the second visit to the

Rigi Kulin the air was very thick and the number of

particles great. The much greater thickness of the air
on the occasion of the second visit was evidently due
to dust, as the humidity on both occasions was about the
same. The air on the days when the number of particles
was great was very different from anything previously
observed at this station. On the first visit the air was
clear and bright, with only a thin haze between the
observer and the distant mountains : whereas in 1890 a
dense haze hung in the atmosphere, so thick that towards
sunset the lower slopes of Pilatus could scarcely be dis-

tinguished. It looked as if a veil had been hung up
between the observer and the distant scenery. Some
time before sunset this hazy veil became coloured by
the rays of the setting sun. Its upper limit was well
defined in the eastern sky, at an elevation considerably
above the highest of the Alps. At sunset this dusty
impurity became still more apparent as the earth's
shadow crept up its lower edge. Though the sky was
cloudless, so dull was the setting sun, that it looked more
like a harvest moon than the orb of day. So feeble were
its rays after penetrating the thick haze, that they could
produce no direct red light on the mountains, while much
diffused light was reflected by the dust-laden air.

During this second visit there was an opportunity of

testing the supposed influence of thunderstorms in de-

positing the dust in the atmosphere. On one of the days
of this visit a violent thunderstorm raged to the east,
south, and west during most of the afternoon, and in the

evening it came over the Rigi Kulm. So near was the
storm that the flash and crash of the thunder seemed
simultaneous. The tests were therefore made in the very
air in which the lightning discharges were taking place.
During the day, and before the storm approached, there
were nearly 4000 particles per c.c. in the air. At 6 p.m.,
when the storm was near, the number fell to 3000 ; and at

7.10 p.m., when the storm was nearly over, the number
was as low as 725 per c.c. These figures seem to support
the supposition that thunderstorms purify the air

; and
if anyone who was a believer in the purifying influence
of these storms had been on the top of the mountain
next day, his opinion would have been confirmed by
the greatly improved appearance of the atmosphere
after the storm. The thick veil which had hung in
the atmosphere for at least four days was gone, and
the distant mountains looked clear and distinct. Even
Hochgerrach, which is about 70 miles distant, was quite
distinctly seen during the whole day ; and the number
of particles fell to 400 per c.c.

The question
—Was the decrease in the dust, and the

improved appearance of the atmosphere on this occasion
due to the thunderstorm .?

—is then discussed. It is

shown that this conclusion is extremely doubtful. It is
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pointed out that the violent down-rush of air produced by
a heavy hail-shower at the time would bring down the

purer upper air to the place of observation, so that the

air tested at 7.10 p.m. was not the same as that tested

previously, but was air from a higher and purer stratum.

The purifying influence of the down-rush of air in this

case was not nearly so great as was observed in the

heavy rainfall on the Eiffel Tower recorded in Part I.

By midday of the last day of the visit to the Rigi Kulm,
the air again became very much hazed, and the number
of particles rose to about 10,000 per c c. On descend-

ing the mountain, the air was again tested on this day, at

the level of the lake, at 3 p.m. Here the number was
a little over 10,000, or very much the same as it was when
tested on the way up. Its humidity was also the same,
and it had the same thick appearance.

Just when on the point of finishing the tests at the

level of the lake, it was observed that the numbers were

becoming unsteady and were falling. The tests were
therefore continued for a considerable time longer, when
it was found that the dust particles, which at first were

10,250 per c.c, gradually decreased to 1700 per c.c. ; a
most unusual experience, and one which might have
shaken our confidence in the dust-counter, had it not

been noticed that this decrease in the dust was at the

same time accompanied by a rise in the temperature of the

air, and by a decrease in its humidity. When the tests

were begun, and the number of particles was great, the

temperature was 71°, and the wet bulb was depressed 11

degrees ; but when the amount of dust was small, the tem-

perature had risen to 74 '5, and the wet bulb depression was
as much as 18*5 degrees. These observations all show that

in a very short time there had been an entire change of the

air at the place of observation. This result is shown to

have been produced by the local wind, which at first blew
in from the lake, changing by the upper part of the

current striking the nearly perpendicular face of the

mountain, curving downwards, and then blowing out

towards the lake, thus bringing a purer upper air to the

place of observation. After a time the down-blow

ceased, and the wind at the level of the lake returned to

its original direction. After the wind had blown a short

time off the lake, the number of particles rapidly in-

creased, and became slightly higher than it was at first.

The temperature and humidity also returned to near their

original readings.
The Rigi Kulm observations show the daily maximum

of dust very clearly. On all the days, except one, the num-
ber of particles was least in the morning, and increased

greatly as the day advanced, owing to the ascent of valley
air on the sun-heated slopes of the mountain. The im-

pure air had generally arrived at the mountain top before

midday, and by midday the number was generally three

times greater than it was in the morning.
Observations were also made on one day on Pilatus

Kulm. During the whole day the mountain was covered
with cloud. On this occasion the numbers were found to

be very unsteady, varying greatly in short intervals.

The highest reading was 1275 per c.c, and lowest 625
per c.c.

The result of an investigation into the cause of the

difference observed in the air of Switzerland on the two
occasions is then given. It is shown that during the

days of the first visit the upper air circulation was

generally from the south, and was pure, as it came from
the uninhabited area of the Alps ;

while during the first

days of the second visit the general air circulation was

northerly
—that is, from densely inhabited and polluted

areas. While this northerly circulation continued, the air

was thickly hazed, and the number of particles was great.
On the morning of the day of the thunderstorm already
referred to, the wind had changed and begun to blow

freshly from the south, at the St. Gothard. It had also

changed to south on the Siintis and Rigi. But though
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the wind had begun to blow from a pure direction in the

morning, it was evening before the pure air arrived at the

Rigi. It was at the meeting area of the lower impure
northerly air with the upper pure southerly that the
thunderstorm took place. The storm began to the south,
where the currents first met, and travelled northwards
as the pure south wind drove the northerly air before it.

The sudden drop in the number of dust particles in the
storm may therefore possibly have been due to the arrival
of the pure southerly air.

The day after the storm the southerly wind continued
to blow, the air became very clear, and the number
of particles fell practically as low as was observed on the

previous visit, while the air had much the same clear ap-
pearance it had on that occasion. It would thus seem
that the clearing of the atmosphere on this occasion,
though at first sight it may have appeared to have been
caused by the thunderstorm, was in reality caused by a

change in the circulation of the air. The clearing would
thus appear to have been due, not to a clearing of the
dust out of the air, but to a change of the air itself.

The observations made on Ben Nevis and at Kingair-
loch, for July 1890, are then discussed, and a comparison
made of the variations in the amount of dust at high and
low levels. The observations made at Kingairloch in

1890 confirm the conclusions arrived at in Part I., that

the air at this station has most dust in it when the wind
blows from the east, south-east, and south—that is, from
inhabited areas—and less when the wind blows northerly—that is, from uninhabited areas. Some very remark-
able exceptions to the latter conclusion were, however,
observed. On a number of days when the wind was

northerly the number of particles rose high at some hour
of the day. On examining into the cause of the excep-
tional readings with northerly winds, it was found that

they almost always occurred when the isobars over our
area were irregular and the general circulation in a
confused condition, and blowing in different directions at

different stations at no great distances from each other.

It is suggested that under these conditions uniformity in

the air cannot be expected; that, while testing in a northerly
wind, it may be southerly air that is being examined. In

confirmation of this it is shown that whenever the general
air circulation over our area was mixed and irregular, high
numbers were also observed at some time of the day on
Ben Nevis.
An examination of the numbers of dust particles shows

that there was much less dust in 1890 than in 1889. The
numbers in 1890 fell very low on many days, and extremely
low on a {&vi days. The lowest number observed was

i6"5 per c.c. This number is much lower than any
previously observed at any low-level station. Associated
with the small amount of dust was an exceptionally low

temperature. July of 1890 will long be remembered as

one of the most inclement experienced for many years,

being cold, wet, and windy.
A comparison is made of the amount of dust at Kin-

gairloch and Ben Nevis. Although there is a considerable
resemblance between the figures at the two stations, yet
the likeness is not very close. This is owing to the daily
maximum of dust which takes place at high levels on most

days ; also to the effect of the wind on the amount of dust

not being the same at high and low levels ;
and further,

the directions of the winds are not always the same at both
stations. As a rule, there was much less dust at the high
station than at the low one, and when the dust increased

at the low station it also generally increased at the high
one, and vice versa. These rules, however, are not without

exceptions. Sometimes the lower air was purer than the

upper ;
this happened when the wind blew from a pure

direction low down, while it was from the east or south

on the Ben. Mr. Rankin has shown, from an extensive

series of observations at the Observatory, that the south,

south-east, and east winds bring the most impure air to
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the Ben—a conclusion in keeping with the result obtained

at low level.

It is concluded from the observations that high winds
reduce the transparency of the air. In Part I. this con-

clusion is indicated, and the observations of 1890 confirm

it. It is pointed out that whenever the wind was high, the

air was unduly thick for the number of particles and the

humidity. This is thought to be due to high wmds carry-

ing large particles, and mixing the lower stratum of im-

pure air with the purer upper air. The inequalities in

the density of the different parts of the air produced by
imperfect mixing will also reduce its transparency.
The Alford observations for 1890 show that the air was

occasionally purer and the maximum a little higher in

that year than on the previous visit. Whenever the wind
blew from the south, it brought polluted air to this station,
as it came from inhabited areas ; and when the wind was

northerly the air was pure. The number of particles was
as low as 127 per c.c. with a north-west wind, while it

was as high as 6800 per c.c. with a south wind.

An ascent of Callievar was made in 1890 also. On the
first visit the air was clear, and the Cairngorms and Loch-

nagar were clearly seen. The number of particles was 262

per c.c, and rose in the afternoon to 475 per c.c. ; but
on the second visit the air was thick, and only a faint out-

line of the Cairngorms was occasionally seen, while Loch-

nagar was quite invisible. The number of particles was

710, and rose in the afternoon to 1575 per c.c.

The air on this occasion was very irregularly hazed, not

being equally transparent in all directions. One mass of

air darkened the view to the west, passed over the hill-top
and darkened the view to the east. Before this impure
mass of air arrived at the hill-top the number of particles
was 710, while it was passing the number rose to 1575,
and after it had gone east the number fell to 1050 per c.c.

During these observations the humidity remained con-
stant. The variations in the transparency were therefore
due to variations in the amount of dust.

The condition of the air during the exceptionally warm
February of 1890 was tested at Garelochhead on the 27th
of the month. Previous to that date the weather had
been very warm, temperatures of 50' and 60' having been

frequently recorded in our area, and even 64" was
observed in more places than one. The result of the
tests showed the air to be remarkably fall of dust. During
the visit to this station in the end of January 1889, the
maximum number of particles observed was 2360, and that
was the only occasion on which it was over 1000

;
whilst

on the first day of the second visit the smallest number
observed was 7250, and other readings gave nearly 10,000.

During this warm period the air was always impure, and
had nmch the same appearance as it had on the 27th.
The cause of this great amount of impurity was the pre-
sence of an anticyclone lying over Europe, giving rise to

southerly winds over our area. The local winds were,
however, very light and mixed, and there was no general
circulation of the air

;
the dust impurities therefore

accumulated, and, as the figures show, became very great.
On the 28th, the day after the air was tested, a depression
appeared off the north of our islands, and the isobars

were closing in and westerly winds were beginning to

blow. With this change the dust began to fall, and was
as low as 1750 per c.c. on the 28th. On March i and 2

the isobars closed in still further, the winds freshened,
and the dust fell to 51 per c.c, or ^\-^ of what it was on

February 27. During the 3rd, 4ih, and 5th, the wind
remained in the north-west, and the amount of dust was

very small.

Certain relations between isobars and dust are pointed
out. With regular isobars for westerly and northerly
winds the air is pure, and the closer the isobars the purer
is the air

; whilst isobars for southerly or easterly winds,
even though close, do not indicate pure air. From these

facts it is shown that an estimate of the amount of dust on
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any day can be made from an examination of the weather
charts made on and previous to the day selected.

The relation between the amount of dust and the

temperature is discussed, with the view of finding whether
the observations made in 1890 confirm the conclusion
arrived at from the previous records. That conclusion was
that a great amount of dust increases the day tempera-
ture and checks the fall of temperature at night. The
records of temperature and radiation made at Kingairloch
in 1890 are of no value, owing to the weather being
always under the influence of cyclones, so that there was
an absence of clear skies, and the temperatures were re-

gulated by what the wind^ brought, and were but little

influenced by local conditions. But, as already stated,
the dust at this station was exceedingly low in 1890, and
the temperature was also exceptionally low.

The Alford observations, however, are not open to the
same defect, as the weather was suitable for the purpose.
These observations point to the same conclusion as that
arrived at in 1889. The highest maximum temperatures
were recorded on days of high dust, and the lowest
minimum when the dust was at a minimum.
The observations made at Garelochhead also support

the same conclusion. Towards the end of February the
amount of dust was great, and from the meteorological
report it will be seen that the temperature was above
the mean, and was frequently very high. Again, when
the westerly winds swept away the great impurity, they
brought with them a high mean temperature. But after

the winds ceased to blow, the pure air brought to our
area by them seems to have allowed radiation to act

freely, as the air then rapidly cooled, and the tempera-
ture became exceedingly low, as much as from 8 to

1 1 degrees below the mean in some stations in Scotland.
The Ben Nevis observations show that during this ex-

ceptionally cold period the air was remarkably free from
dust.

JOHN COUCH ADAMS.
T T is with deep regret that we record the death of Prof.
•*- Adams, who will always hold an eminent place in

the history of astronomical science. As he is included
in the list of our "

Scientific Worthies," we have already
given an account of his career (vol. xxxiv. p. 565). It is

only necessary for us now, therefore—as in the case
of Sir George Airy

—to note some of the leading facts of
his life and work.
He was born at Lidcot, near Launceston, in Cornwall,

on June 5, 1819. He received his early education at the

village school and at Devonport, where he gave evidence
of his remarkable faculty for mathematical and astro-
nomical study. In October 1839, he entered at St.

John's College, Cambridge; and iti 1843 he graduated
as Senior Wrangler and first Smith's Prizeman, becoming
shortly afterwards a Fellow and tutor of his College.

Both before and after taking his degree he was fascin-
ated by a problem which was at that time profoundly in-

teresting astronomers—the irregularities shown by the

planet Uranus in its motion. Its orbit differed from the
elliptic path which an undisturbed planet would have
pursued ;

and as the deviations could not be explained
by the influence of the other known planets, it was
supposed that there must be a more remote planet which
had not then been observed. To the search for this un-
known planet Adams devoted all the energies of his
mathematical genius, and everyone knows the brilliant
success with which his labours were crowned. His solu-
tion" was communicated to Prof. Challis in September
1845, and to the Astronomer-Royal in the following
month. We need only refer to the facts that similar
work was done in 1846 by Leverrier

; that the French
astronomer's results, unlike those of the English investi-
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gator, were at once made known
;
and that on Septem-

ber 23, 1846, the planet Neptune was found by Dr. Galle,
of Berlin, on the basis of Leverrier's elements. Adams

}

and Leverrier rank as joint discoverers, and, as such,

they received on February ii, 1848, the gold medal of

the Royal Astronomical Society. Some members of

Adams's college, in order to mark their sense of the im-

portance of his achievement, raised a fund, which the

University accepted, for the founding of a prize, to be
called

" The Adams Prize," to be awarded every two

years to the author of the best essay on some subject of

pure mathematics, astronomy, or other branch of natural

philosophy. In 185 1 he was elected President of the i

Royal Astronomical Society.
As he did not take orders, his Fellowship at St. John's !

expired in 1852, but he continued to reside in the College 1

until 1853, when he was elected to Pembroke. In 1858 !

he was appointed Professor of Mathematics at the Uni-
'\

versity of St. Andrews, but he held this office only |

during a single session. He became the Lowndean
Professor of Astronomy and Geometry, at Cambridge,
in 1859, in succession to the late Prof. Peacock, and
retained this position during the remainder of his life.

Meanwhile, he had been carrying on many important
investigations ; and, until ill-health disabled him, his

labours were never seriously interrupted. Foremost

among his later achievements were the results of his

researches on the moon and on the theory of the Nov-
ember meteors. In 1866 the Royal Astronomical Society
awarded him its gold medal for his lunar researches.

He had succeeded Prof. Challis as Director of the

Cambridge Observatory in 1861, and in 1884 he served

as one of the delegates for Great Britain at the Inter-

national Meridian Conference at Washington.
For about a year and a half before his death, Prof.

Adams was too ill to do as much work as he had been

accustomed to do, and during the last ten weeks he was
confined to bed. He died on the morning of January 21.

He was a Fellow of the Royal Society, and of the

leading foreign scientific bodies
;
and honorary degrees

were conferred upon him by his own University and by
Oxford. The post of Astronomer-Royal was offered to

him by the First Lord of the Admiralty in 1881, on Sir

George Airy's retirement, but declined by him on the

ground of age.

WALTER HOOD FITCH.

THIS
talented botanical artist, whose name appears

in almost every illustrated work of importance on

botany or horticulture that was published in this country

during the half-century from 1835 to 1885, expired at

his residence at Kew on the 14th inst., after several years'

indisposition, in which mental and physical decay were

combined. The deceased was 75 years of age, and his

whole life from early youth had been devoted to botanical

drawing and painting ;
and his reputation was so high

and so world-wide that it is unnecessary to say much on

this point. Nevertheless, some particulars of the work

of a man who accomplished so much and so well may be

interesting to many persons who only know his work.

Of Scotch birth, he was apprenticed, while still very

young, to the designing department in a manufactory of

fancy cotton goods at Paisley. Here his natural aptitude

for drawing developed so rapidly and to such a degree
as to indicate that he possessed talents of no ordinary

kind, and his name soon became known outside of the

factory. By some means he came under the notice of a

friend of the late Sir William Hooker, and he, knowing
that the latter was in need of a draughtsman, strongly

recommended him to try the youth's capabihties. Sir

William Hooker, at that time Regius Professor of Botany
at Glasgow, acted on this suggestion, and the result was

NO. I 161, VOL. 45]

so satisfactory that he negotiated the cancel of Fitch's

indentures, took him into his sole employ, and trained

him for the kind of work he wished him to execute. We
have not ascertained the exact date of this event, but it

must have been as early as the year 1832, for already in

1834 he was a contributor to the Botanical Magazine^
and he continued his connection with this long-lived

periodical down to 1878, having during this period
drawn and lithographed some 3000 of the plates. At
first his initials did not appear regularly on the plates,

but, on reference to the volume for 1837, it may be seen

that it was practically all his, and that he had already
become an efficient botanical draughtsman. The same

year (1837) the first volume of Hooker's " Icones Plant-

arum " was published, and although Fitch's name does

not appear, we have other evidence that he was the

artist. In short, he not only illustrated all the numerous
works of his first patron, but also those of his son, now
Sir Joseph Hooker, as well as those of numerous other

public and private persons. The fertility of his pencil
was equalled by its facility, grace, vigour, and boldness ;

and his colouring was usually rich, and full, and truthful.

It is true that most of his work does not exhibit the

finish and minute detail characteristic of the master-

pieces of the productions of the few other botanical

artists with which comparisons could be made. In

1 841, Sir WilHam Hooker was appointed Director of

the Royal Gardens, Kew, Fitch accompanying him, and

residing there until his death. At Kew he found full

scope for his powers, and notable amongst the numerous

productions of his best days are the magnificent elephant
folio plates representing various stages of the develop-

ment of the Victoria regia as cultivated at Kew and

Syon House ;
the plates of Sir William Hooker's nume-

rous works on ferns ;
of Sir Joseph Hooker's

"
Botany

of Sir James Ross's Antarctic Voyage" ;
and his

"
Illus-

trations of Himalayan Plants and Himalayan Rhodo-

dendrons"; of Howard's "
Quinologia" : of Bateman's

"
Odontoglossum

"
;

of Welwitch's "West African

Plants"; of Speke and Grant's "Plants of the Upper
Nile" ; and of Seemann's "

Botany of the Voyage of the

Herald." Examples of his later work are to be found in

Elwes's "
Lilies," and the botany of Salvin and Godman's

"Biologia Centrali-Americana," the latter the last im-

1 portant work he accomplished. As might be imagined
\ from the amount of work he did. Fitch wielded the

I pencil with remarkable rapidity and freedom ;
and one

! could not but admire the way in which he stood up and,

i free handed, guided his pencil over the stone without

any preliminary drawing. Botanical drawing, however,

is not a very lucrative profession, and therefore not likely

\ to attract persons of great attainments ;
but when Fitch

; became incapacitated through failing health, his merits

were so far recognized as to gain him a Civil List pen-

i sion, on the recommendation of the Earl of Beaconsfield,

! of ;^ 100 a year.

NOTES.

March 17 is the date fixed for the Bakerian Lecture of the

Royal Society, and Prof. James Thomson is to be invited to

deliver it. The Croonian Lecture is to be delivered on March

24 by Prof. Angelo Mosso, of Turin, the subject being "The

Temperature of the Brain."

At the Council Meeting of the Royal Society on the 21st

inst., no fewer than ten deaths were announced, seven of the

deceased having been Fellows of the Royal Society, and three

Foreign Members. Taking into account that the average

number of deaths for the whole year is fifteen, such a list for a

single month is quite extraordinary.
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Physiological science has sustained a severe loss by the

death of Dr. Ernst von Briicke, the well-known Professor of

Physiology at the University of Vienna. He died at Vienna on

January 8, in his seventy-third year. He was a pupil of

Johannes Miiller, and made many contributions of first-rate

importance to the study of physiology.

We regret to have to record the death of Mr. Thomas

Roberts, F.G.S., of St. John's College, assistant to the Wood-

wardian Professor of Geology at Cambridge. He died on Satur-

day last at the age of thirty-five. Mr. Roberts obtained a first

class in the Natural Sciences Tripos, Part I., in June 1882, and

in the second part of the same Tripos for geology in June 1883.

He also won the Sedgwick Prize for a geological essay in 1886.

Prof. Hughes, in his annual reports to the Senate, often alluded

to the value of the services rendered by Mr. Roberts to the

students of his classes.

The Sydney papers announce the death of Sir William

Macleay, who did much to promote an interest in science in

New South Wales. It was mainly through his efforts that the

Linnean Society of New South Wales was founded ;
and on

many occasions he acted towards it with splendid liberality.

The building in which it meets was erected at Sir William's

expense. This building he transferred to the Society with the

lease of the land on which it stands, giving at the same time, by

way of endowment, a mortgage of ;^i4,ooo bearing interest at

the rate of 5 per cent, per annum. He provided an excellent

reference library, and equipped the rooms with fittings, furniture,

and apparatus for scientific research. According to a speech
delivered by one of the presidents, and quoted by the Sydney

Morning Herald, he also bore the greater part of the expenses
of the Society's publications, supplied the salaries of its officers,

and "
furnished its specialists with abundant funds for their in-

vestigations and their maintenance." Besides, he was the chief

instrument in obtaining the Society's Charter, and he arranged
to bequeath the sum of ;(^3S,ooo for the establishment of four

"Linnean Fellowships" of the annual value of ;,^400 each.

In 1874, Sir William Macleay bought and fitted out the barque
Chevert for a scientific expedition to New Guinea ; and he was
thus enabled to get together a very valuable collection of natural

history specimens, which now form an important part of what is

known as the Macleay Museum of Natural History, presented

by him to the University of Sydney. In addition to his collec-

tion, which was esti.nated at ;^23,ooo, he gave to the University

^6000 to provide for the salary of a curator.

The facts relating to the electrical transmission of power
from Lauffen, on the Neckar, to Frankfort, a distance of about

no English miles, have now been made known. They have

been established by means of elaborate tests applied by a jury
of experts under Prof Weber, of Ziirich. When 113 horse-

power was taken from the river, the amount received at Frank-
fort through the wires was about 81 horse-power, showing an

efficiency, in spite of all possible sources of loss, of 72^ per
cent. Prof Silvanus Thompson, who has called attention to

these striking facts, points out that it is now only a question of

means whether, at the Chicago Exposition, there will be a

transmission through wires of looo horse-power taken from the

Falls of Niagara.

An Electrical Exhibition was opened at St. Petersburg on

January 23 by M. Vishnegradski, Minister of Finance, who
was accompanied on the occasion by M. Durnovo, Minister of

the Interior, and a number of distinguished persons. The
Finance Minister, in addressing those present, traced the pro-

gress that had been made in electro-technical knowledge during
the last twenty years, and dwelt upon the value of the present
Exhibition for students of electricity. The Ministers and the
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other personages then proceeded to visit the different sections.

The Exhibition is said to be of a varied and interesting

character, displaying many different kinds of machines at work.

According to the American journal Electricity, the plans
and specifications for the construction of the conduit system
and subways in which the electric conductors, at the Chicago

Exposition, are to be carried through the grounds to the dif-

ferent buildings have been issued by the construction depart-

ment of the World's Fair. The specifications call for ihe com-

pletion of the work by April 15, 1892. The total length of the

subway is about 4500 feet. The larger portion of the conduit

will be 8 feet and 4 inches square, and will be built of the

best seasoned pine. The conduit is to have two linings, the

outer one consisting of 2 inch tarred plank. Between the

linings will be a concrete mixture of cement, plaster, and sand.

The Ke%v Bulletin for January opens with some most inter-

esting notes, by Mr. J. G. Baker, F.R.S., on Agaves and Arbor-

escent Liliaceae on the Riviera. Mr. Baker went in November

last to the Riviera, chiefly for the purpose of studying these two

groups of plants, which grow there in quantities in the open air.

The number also contains accounts of the Cape Town Botanic

Garden and the Gold Coast Botanical Station.

The first appendix of the Kew Bulletin of the present year

consists of a list of such hardy herbaceous annual and perennial

plants, as well as of such trees and shrubs as matured seeds

under cultivation in the Royal Gardens, Kew, during the year

1 89 1. These seeds are available for exchange with colonial,

Indian, and foreign Botanic Gardens, as well as with regular

correspondents of Kew. The seeds can be obtained only in

moderate quantity, and are not sold to the general public. No

application, except from remote colonial possessions, can be

received for seeds after the end of March.

The Woolhope Club has voted ;^io towards defraying the ex-

penses connected with the course of Oxford University Extension

lectures, now being delivered in Hereford by Mr. C. Carus-

Wilson, on the "Outlines of Geology." It is satisfactory to

note this instance of a local Club making use of the facilities

offered by University Extension for giving to its younger
members the opportunity of obtaining systematic training in

geological knowledge. The liberal-minded action of the Wool-

hope Club might well be followed by other Societies throughout
the country if they are satisfied of the lecturer's capacity.

With reference to Prof Ray Lankester's communication on

"Science in Japan" (p. 256), and especially to his remark

that "English, indeed, appears to be the official language of

the Imperial University, Tokyo," the following extract may be

found interesting. It is taken from the preface to an English

translation of a Japanese text-book of elementary geometry,
based on that of the Association for the Improvement of Geo-

metrical Teaching, and compiled by Prof. Kikuchi, of the

Imperial University, for use in the ordinary normal and middle

schools.
" In some schools, text-books in English are in use in

all the classes, in others only in the higher classes. My object

in making this translation is to supply a text-book in English
for use in such schools uniform with the Japanese text-book, so

that the scholars may pass from one to the other without any
trouble."

Judging by the contents of a short paper read recently

before the Linnean Society, and the discussion which followed,

there is an interesting field for scientific investigation amongst
the ticks [Ixodidce) which are to be found in some parts of

Jamaica and other portions of tropical America. These un-

desirable Acarina appear to have been introduced to Jamaica with

cattle from the mainland. They are most prevalent, therefore,
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in districts where cattle-rearing is the principal industry. Their

maximum appearance depends very much on the season and

other circumstances not yet fully worked out. In tropical

countrie-i nearly everywhere there are forms locally called ticks,

but evidently allied to the harvest-bugs of Europe. These are

called by the French Roiigct, and in the West Indies Bete rouge.

They are supposed to be larval forms of Trombidum, and

are not ticl:s in the usual acceptance of the term. One re-

markable power possessed by the Ixodida is that of existing

for a great length of time without food. Specimens have been

known to live for years accidentally shut up in a small box. Sir

Joseph Hooker, in the "Himalayan Journals," recently reprinted,

states (p. 196), "that ticks were present everywhere in the hill

forests"; and he remarks: "What ticks feed upon in these

humid forests is a perfect mystery to me, for from 6000 to 9000
feet they literally swarmed where there was neither path nor

animal life." In attacking man and animals ticks insert the

proboscis deeply without pain. Buried head and shoulders, and
retained by a barbed lancet, they are only to be extracted by
force, which is very painful. At present very little is known of

Xhe IxodidcB of tropical America. It is possible there may exist

numerous species, each with its own special life-history. No
one appears as yet to have given undivided attention to the

group, and possibly less is known of ticks from a scientific point
than any other members of the West Indian fauna. In view of

the influence of their occurrence on man and animals this is

somewhat anomalous.

M. Jean Dybowski contributes to the current number of

La Nattire a sketch of a journey he has made from Loango to

Brazzaville, and from thence to Bangui. He has collected many
objects of scientific interest, including" 480 ethnographic speci-

mens, 550 botanic specimens, 280 birds, ico mammifers, reptiles,

fishes, insects, &c.

Several shocks of earthquake were felt at Rome on the

evening of January 22. According to a telegram sent through
Renter's Agency, they caused such a panic in the more crowded

quarters that many of the inhabitants fled from their houses, and,

notwithstanding the cold weather, spent the night in the streets

and public squares. The shocks were felt in the theatres, but the

panic there was of short duration. The seismic disturbance had
a distinct effect upon the clocks, some stopping at 11.25, ^"d
others at 11.27. Several of the lamps in the streets were ex-

tinguished. The shocks were noticed by the Pope, who sent

to the Vatican Observatory to make inquiries. They were very

generally felt throughout the province of Rome, At Genzano
a few houses fell in, but no one was injured. At Civita Lavinia

an old tower, dating from the Middle Ages, fell and buried two

persons, who were, however, promptly extricated. Several

houses are in a dangerous state. A severe shock was also

experienced at Velletri, but the damage done was insignificant.

According to the Paris correspondent of the Daily News,
two slight earthquake shocks were felt on Sunday, January 24, at

Le Mans, the centre of an important agricultural district in the

west of France. At Sarce, about 2 a.m., the villagers were
awakened by a rather severe shock which caused the school bell

to ring. At Chateau du Loir, a town on the State railway line

from Paris to Bordeaux, the first shock lasted three seconds,
and awakened everybody. The second took place at half-past

three, and was slight.

The U.S. Monthly Weather Review for October 1891, con-

tains a continuation of curves previously published, showing the

fluctuations of temperature and pressure at the base and summit
of Mount Washington (altitude 6279 feet), and completes them
for the months January to March from 1871-86, or (or 16 years,
with a short discussion by Prof. H. A. Hazen. The base

curves show many minor fluctuations of temperature not to be
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found in the summit curve?, most of which are probably due to

diurnal range, but as regards the larger fluctuations the most

marked characteristic in the temperature curves has been their

closeness at base and summit. The earlier change at the summit

in both cold and hot waves is remarkable. The fluctuations of

pressure are almost identical at the base and summit. Occa-

sionally, the change in temperature at the summit has preceded

that in pressure to such an extent as to cause the phases of the

latter to lag behind. The curves have been published in the

hope that meteorologists will make a special study of them.

It is a well-known fact that, with the same temperature

by the ihermometer, one may have, at different times, a

very different feeling of heat or cold. This varies with the

temperature of the skin, which is chiefly influenced (according

to M. Vincent, of Uccle Observatory, Belgium), by four

things : air-temperature, air-moisture, solar radiation, and force

of wind. M. Vincent recently made a largenumber of observa-

tions of skin-temperature in the ball of the left hand, and con-

structed a formula by means of which the skin-temperature may
be approximately deduced from those four elements. He

. experimented by keeping three of the four constant, while the

fourth was varied, and a relation could thus be determined

between the latter and skin-temperature. One fact which soon

appeared was, that the relative moisture of the air has but little

influence on skin-temperature. It was also found that for every

1° C. of the aclinometric difference (excess of black bulb ther-

mometer) the skin- temperature rises about o°'2
;

and with

small wind- velocities, every metre per second depresses the skin-

temperature about l^'a. In testing his formula, M. Vincent

found, with cold or very cold sensation, considerably greater

differences between the calculated and observed values than in

other cases. This he attributes to the great cooling of the

relatively small mass of the hand. Taking the cheek or eyelid,

the results were better. He constructs a scale of sensations

corresponding to different skin-temperatures as he found them

(which scale would, of course, vary somewhat with individuals).

Last winter, in December and January, M. Chaix made

a number of observations of the temperature of the air, the

snow, and the ground, at Geneva ; of which he has given an

account to the Physical Society there. He observed the air at

four different heights ; granular, pulverulent, and bedded snow,

on the surface and at different depths ;
and the surface of bare

ground as well as of ground covered with snow. Ttiere was no

difference in mean temperature between the air at i and at 2

metres
;
and very little between the former and that on the

snow surface. The surface of the ground was 4^ '265 C. warmer
than the surface of the snow (o'i3 m. above), through arrest of

radiation. But the bare ground was not cooled so much as the

snow surface, and it was only 2°*04 colder than the snow-

clad ground. This shows the frigorific influence of snow on

climate. Air passing over bare ground would have been 2°

warmer than if it passed over the snow. The snow surface

was sometimes warmer, sometimes colder, than the air i or 2 m.

above. In the dry winters of Siberia and Sweden, the snow -

surface is generally (according to Woeikof) much colder than

the air. M. Chaix explains the variations observed at Geneva

by fluctuations in the relative humidity, involving alternate

vaporization and condensation at the snow surface. In two-

thirds of the cases, indeed, abnormal cooling of the snow

corresponded with a low humidity, and heating with a high
humidity, and often formation of hoar frost at the surface.

An interesting paper on Prof. Wiborgh's air-pyrometers was
read by Mr. John Crum before the Institution of Engineers and

Shipbuilders in Scotland on December 22 last, and is now
printed in the Institution's Transactions. Beginning at the

beginning, Mr. Crum explained that a pyrometer is an instru-
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ment used in the measurement of high temperatures. In con-

structing his pyrometers, Prof. Wiborgh followed two principles—
first, that a certain quantity of air, when heated, is main-

tained at the same volume, and the increase of pressure gives a

-measure of the increased temperature ;
and second, that the air

is maintained unaltered in pressure when the temperature is

determined by the change of volume. The two forms of his

air-pyrometers may be compared to the two forms of the baro-

meter—the mercurial and the aneroid. The air-pyrometer in

its aneroid or metallic form is especially adapted to determine

the temperature of the hot blast, the gases from all sorts of

furnaces, of distillation-products from retorts, &(?. ; and gener-

ally it will fulfil any demands that may fairly be made upon an

accurate instrument for ascertaining temperatures for practical

purposes, in cases where the temperature to be determined

ranges from o° to 1400° C.

A REMARKABLE illustration of the height of breaking waves

is afforded by the following paragraph, which we take from the

San Fraticisco Chronicle of January'6 :
—"

Portland, Jamiary 5.

The lighthouse tender Manzanila reached Tillamook Rock

Sunday for the first time in six weeks, and brought away the

keeper, George Hunt, who has been on the rock for four years,

and has been transferred to the Cape Mars Light. He says, in

the storm of December 7 the waves swept clear over the house,

washing away their boats, and tearing loose and carrying away
the landing platform and tramway, which were bolted to the

rock. On the 29th the waves were still higher, and streams of

water poured into the lantern through the ventilators in the

balloon top of the dome, 157 feet above the sea-level. The

lighthouse was shaken to its foundation by the impact of seas

against it, and the water found its way into the house. Men
were on duty all night to keep the lamp burning, and but for

the wire screen the shutters of the lantern would have been de-

molished. All hands were alarmed, and old sailors of the crew

say they would sooner have taken their chances on board a ship."

Prof Edward S. Holden informs us that it is known to him

personally that this lighthouse is sometimes buried in spray and

water, and that the ginss of its lanterns has been broken by the

impact.

The U.S. National Museum prints a capital paper, by Mr.

Frederic A. Lucas, on animals recently extinct or threatened

with extermination, as represented in the Museum's collections.

In each case the cause of destruction is noted. Mr. Lucas

finds that in nearly every instance the cause is "reckless

slaughter by man." As an instance of the way in which animals

may be destroyed, he refers in the introduction to peccaries.

In 1885 these little animals were so abundant in several coun-

ties of Texas that their well-worn tails were everywhere to be

seen, while their favourite haunts could be readily picked out by
the peculiar musky odour characteristic of the creatures. Shortly
after that date, hog-skin goods being in" favour, a price of fifty

cents each was offered for peccary hides, with the result that by

1890 the peccaries were practically exterminated.

The fresh-water sponges in the collection of the late Mr.

Henry Mills were placed some time ago in the hands of Dr. D.

S. Kellicott, on the understanding that a representative set of

specimens would be selected and prepared for the Buffalo

Society of Natural Sciences. Dr, Kellicott has now finished

his labours, and submitted the specimens to the Society. He
is of opinion that the region about Buffalo Bay and the

Niagara River affords almost ideal conditions for the life and

growth of fresh-water animals. Its richness, he thinks, is even

yet scarcely appreciated. The outlet of the American fresh-

water ocean remains at almost a constant level. It is not, like

so many lesser American rivers, a mere thread of heated water

in summer and a flood of tilt in winter and spring. Neither
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storm nor season greatly disturbs its clearness or destroys its

purity ; and owing to its mass its temperature changes slowly

and the range is moderate. There are also deep passages, once

portions of the river-bed, now almost land-locked, but still

sufficiently open to the river to admit fresh water and maintain a

constant level. Aquatic life in these channels is remarkably

luxuriant for a Nerth American station in latitude 43^ Again,

there are small rivers or creeks entering the main river, the

estuaries of which are deep, quiet, and supplied from above with

swamp and land drainage, whilst their constancy is assured by

that of the Niagara. These are teeming with a vast variety of

microscopic plants and animals from early summer to December.

These conditions are especially favourable to the growth of

sponges, and they are found in extraordinary abundance.

Whilst the number of species recorded compares favourably

with any explored locality in the world, the abundance of re-

presentatives is, according to Dr. Kellicott's experience and the

testimony of others, quite unsurpassed.

The working of mercury mines appears to have become

an industry of some importance in Russia. According
to the Jotcrnal de St. Petersboui-g, quoted by the Board

of Trade Journal, there have been found in the district of

Bakhmont (province of Catherinoslaw) rich deposits of mercury

ore, and the works which have been established there, increasing

their operations year by year, have succeeded in producing at

the present time 20,000 pouds of mercury annually (poud
=:: 36 pounds avoirdupois). Other deposits of mercury have

been discovered in Caucasia, in the province of Daghestan ;

and the Mining Administration has every reason to believe that

private enterprises will be established which will make under-

takings of this kind very profitable. Mercury is, as is known,

very rare. It is only found in more or less considerable

quantity in Spain, Austria, the United States of America,

and Italy. The works in the province of Catherinoslaw extract

20,000 pouds of pure mercury from more than 3,500,000 pouds

of ore (sulphate of mercury). This quantity is sufficient for

Russian consumption, and even allows of an export of 14,000

pouds to other countries.

Some time ago the Minister of Agriculture in Victoria, acting

on the advice of the Board of Viticulture, authorized, among
other reserves throughout the colony, the reservation of about

1 100 acres in the Dunolly district as a viticultural reserve for ex-

perimental purposes. From this area a space of twenty acres

has been excised, which has now been cleared and fenced with

vermin-proof wire, for the purpose of establishing a perfume
farm and experimental plot, for the growing of perfume plants,

medicinal drugs, and the production of essential oils. A list of

the plants under cultivation at the farm, with a report of the

progress up to date, is included in a hand-book issued by the

Victorian Royal Commission on Vegetable Products ; and it is

anticipated that satisfactory results will follow during the present

season. The hand-book is published in order that all who may
choose to avail themselves of the opportunity may make experi-

ment in their several localities, with the view of comparison
with the plot established at Dunolly for educational purposes,

and so that an interesting and profitable industry may be

established in the colony.

From a series of experiments made a short time ago (Naturw.

Rdsch.), Prof Wesendonck, of Berlin, inferred that dustless air,

in friction with metals, does not generate electricity. But

carbonic acid, under like conditions, readily gave a charge, and

this was thought to be due to cloud-formation in the gas stream-

ing out of the vessel which had held it in liquid form, the small

water-particles charging the metal by friction. Further experi-

ment has seemed to confirm this view. The gas let out from

such a vessel, in vertical position, with some freedom, appears

cloudy. Gaseous carbonic acid, under 50 or 60 atmospheres,
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at ordinary room temperature, must be allowed to issue in a

stronger current from the containing bomb to obtain this cloudy

look. If a brass spiral is attached to the mouth of the bomb,

the cloud-formation is made very difficult ;
and if the spiral is

then strongly cooled, the cloud reappears. With the spiral in

boiling water, no cloud is formed, however free the stream of

gas. This behaviour quite corresponded to the electrical effects.

Even a weak stream of gas from the vessel of liquid carbonic

acid gave a well-marked charge ;
a less effect was had with the

bomb of compressed gas ; still less when the spiral was added
;

and least of all with the spiral in hot water, however violent the
j

stream of gas. Prof. Wesendonck concludes that gaseous car-
j

bonic acid is not capable of generating electricity by mechanic al

friction on metal.

Herr Angstrom has been lately engaged in examining with a

bolometer the heat radiation of various rarefied gase? under

the electric discharge. He confined himself to the stronger

positive light, using cylindrical glass tubes, with lateral

electrodes, and rock salt plates at the ends. An accumulator of

800 Plante elements was the source of electricity. Briefly

stated, the results are these :—With a given pressure the radia-

tion is proportional to the intensity of the current. With con-

stant current, the radiation does not vary while the pressure

varies between o'r and i*5 mm., but at higher pressures it

increases somewhat. With the same gas and pressure, the

composition of the radiation is constant, and does not depend
on the intensity of the current. With varying density of gas,

the ratio of the intensity of radiation of shorter wave-lengths

to that of the whole decreases with increase of pressure. (This

ratio varied, eg., from 46 to 15 per cent, in carbonic oxide between

the above pressure limits.) Thus this ratio, at low pressures,

reaches much higher values than in our ordinary light sources.

The intensity of total radiation varies considerably in different

gases, and stands in no simple relation to the molecular weight,
nor to difference of potential in the gas ; nor does it seem to

depend on absorption of gas at ordinary pressure and temperature.

Dr. Symes Thompson will deliver Gresham Lectures, on the

nerves, on February 2, 3, 4, and 5. They will begin each

evening at six o'clock, and will be free to the public.

Prof. H. G. Seeley, F.R. S., will deliver a course of four

lectures at Gresham College, in connection with the London

Geological Field Class on the four Saturday afternoons in

February. The subject will be: " The Physical Geography of

the London District in relation to its Geological Structure."

Particulars maybe had of the Hon. Sec, Mr. J. Herbert Hodd,

78 Queen's Road, Finsbury Park.

The third series of lectures given by the Sunday Lecture

Society begins on Sunday afternoon, January 31, in St. George's

Hall, Langham Place, at 4 p.m., when a lecture will be

delivered by Mr. Sergius Stepniak. Lectures will subsequently
be given by Dr. Andrew Wilson, Mr. George Wotherspoon,
Mrs. Proctor (widow of the late Richard A. Proctor), Mr.

Frank Kerslake, Miss Amelia B. Edwards, and Dr. E. E.

Klein, F.R.S.

The following gentlemen have arranged to give lectures at

the Royal Victoria Hall during February : on the 2nd, Dr.

James Edmunds on "An Emigrant in North-West Canada"
;

9th, Prof. Oliver on "The Habits of Plants"; i6th, Prof

Carlton Lambert on "Gas, Paraffine, and Electricity" (with

experiments) ; 23rd, Mr. J. W. Gregory on " Waterfalls."

At the last meeting of the Chemical Society, on January 21,

Prof. Smithells gave a preliminary account of some novel ex-

periments on "The Origin of Flame Coloration." At a previous

meeting he described a method of widely separating the two

cones of combustion which constitute the flame of a bunsen

burner (see Nature, vol. xlv. p. 214). Trying the effect of intro-

NO. I 161, VOL. 45]

ducing metallic salts into the two cones separately, he ha&

found that in most cases no marked differences of coloration are

produced. But in the case of copper salts the inner cone

assumes merely a general yellowish luminosity, whilst the outer

cone is brilliantly tinged with the green colour commonly
ascribed to the vapour of copper or copper salts. Of the two

cones the inner one is by far the hotter. The chief difference

between them, apart from this, is that the inner one is sur-

rounded by an atmosphere containing carbon dioxide, carbon

monoxide, water, and hydrogen, but no uncombined oxygen,
whereas the outer one is bounded by atmospheric air. The "nly

explanation of the phenomenon that has yet offered itself is that

the production of the green colour is connected with the act of

oxidation. Further support is lent to this view by the fact that

if copper oxide dust be introduced into the inner cone, a general

luminosity devoid of green is produced, but at the same time

the outer cone is coloured green. It would appear as if the

copper oxide were reduced to metal in the inner cone, and

simply glowed as a solid body, the copper being thereupon re-

oxidized in the upper flames in contact with the air. The hypo-

thesis is therefore tentatively put forward that some flame

colorations at any rate are due to ether disturbances accom-

panying the act of chemical combination, and are not to be

ascribed to the mere incandescence of single substances.

Further experiments made with the apparatus are conformable

to this view, but Prof. Smithells has commenced a spectroscopic

study of the subject, and has in view the prosecution of inde-

pendent methods of inquiry. Understanding, that the flame-

dividing apparatus is likely to come into general use, he has been

led to give this preliminary account of the experiments.

A new liquid compound of carbon, oxygen, and chlorine was

described by M. Troost on behalf of M. Fauconnier at the last

meeting of the Academie des Sciences. It may be considered

COCl
as oxalyl chloride, | ,

the dichlorine derivative of oxalic

COCl
acid, and has been prepared by M. Fauconnier by the action of

phosphorus pentachloride upon ethyl oxalate. Prof, von Richter

has previously shown that when these two substances are

allowed to react upon each other, a compound of the composi-

COCl
tion

I
is formed. This substance, which has been

COOCjHg
termed chloroxalic ether, is a fuming liquid possessing a pungent

odour, and boiling at I3i°'5. The new compound is produced

by varying the conditions of Prof Richter's experiment in the

following manner. A mixture of phosphorus pentachloride and

ethyl oxalate, in the proportion of two molecules of the former to

one of the latter, is heated by means of an oil-bath in a flask

fitted with a Le Bel-Henninger fractional distillation appa-

ratus and condenser. When the temperature of the bath reaches

125°, a lively reaction commences, accompanied by evolution of

ethyl chloride vapour and hydrochloric acid. When the tem-

perature is slowly raised to i5o°-i55°, a liquid mixture distils

over, consisting of oxalyl dichloride, phosphorus oxychloride, and

ethyl chloride. When this mixture is subjected to repeated

fractional distillation, the oxalyl dichloride is eventually isolated

as a mobile, strongly-fuming liquid boiling at 70°. It is

endowed with an odour more irritating even than those of the

chlorides and oxychloride of phosphorus, and which reminds

one somewhat of carbonyl chloride, COClg. It reacts violently

with water, forming oxalic and hydrochloric acids. With an-

hydrous alcohols it reacts in an extremely energetic manner.

Thus with methyl alcohol it forms methyl oxalate, which may
be obtained crystallized from the solution, and hydrochloric acid

is evolved, great rise of temperature being manifested during the

reaction. The formation of this second oxychloride of carbon is

of considerable interest, as emphasizing once more the disap-
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pearance of the line of demarcation between organic and in-

organic compounds; for here we derive what may truly be
considered as an inorganic compound from a substance so purely

organic as an ethereal salt.

In our chemical note of last week the experiments of Dr. Merz

upon magnesium nitride, MggNj, were described. It will be
rememb ered that magnesium was shown to combine with

nitrogen in a most vigorous manner when heated to redness

in a stream of the gas. M. Ouvrard, in the current number of

the Comptes rendus, shows that lithium too combines ener-

getically with nitrogen. A quantity of this metal was placed
in a small boat constructed of iron, the only convenient sub-

stance which will withstand the action of fused lithium, and
the boat was placed in a combustion tube through which a
stream of nitrogen was driven. Upon gradually raising the

temperature of the tube and contents, a point was attained, in

the neighbourhood of low-redness, when combination suddenly
occurred, the metal becoming brilliantly incandescent and in-

creasing rapidly in volume, while the nitrogen in the apparatus
was almost entirely absorbed. On continuing the stream of

nitrogen until the apparatus became quite cold, the lithium

nitride was found in the form of a black spongy mass. Its

composition was proved by analysis to be LijN, analogous to

magnesium nitride, MggNo, and to ammonia, H3N. Indeed, it

may readily be converted into the latter gas by heating it in a

stream of hydrogen. It behaves with water very similarly to

magnesium nitride, at once decomposing that liquid with

liberation of large quantities of ammonia and formation of a

solution of lithia.

The additions to the Zoological Society's Gardens during the

past week include two Macaque Monkeys {Macacus cyiiomolgus
<J ?) from India, presented respectively by Mr. B. H. Heald
and Mrs. E. Day ; a Rhesus Monkey {Macacus rhesus) from

India, presented by Mr. Alfred J. Hayward ; two Common
Squirrels [Sciuriis vulgaris), British, presented by Master Fred
Corfield ; two Ring-necked Parrakeets {Palccornis torquatus)
from India, presented by Miss Heinekey ; six Mantell's Apteryx
{Apteryx mantclli) from New Zealand, deposited.

OUR ASTRONOMICAL COLUMN,
Wolf's Numbers for \'&(^\.

—
Comptes rendus for January

18 contains a communication by M. Rodolf Wolf on the state of
solar activity in 1891. The following table shows the results
of solar observations made at Zurich Observatory, and magnetic
observations made at Milan. The relative numbers {r) have
been obtained by the method used in previous years.

January
February
March

April

May
June
July..

August
September ,

October
November ,

December .

17-1

23 o
lO'O

194
43 '2

4S7
59-1

32-6

521
50 "4

41 'O

306

Increments on
the relative

numbers in

II'O

Means... 35 '6

221
47
17-9

38-6

47-3
477
24 '9

35"4
39 3

33-8
23*4

28-8

Variations
of magnetic
declination.

371
4-51

7-85

10-58
10 70
10*36

lO'gS

996
8-55
8-49

473
8-85

777

Increments on
the variations
of declination

in 1890.

The relative numbers and the magnetic variations show a
decided increase on the values obtained for 1890, and the

parallelism between the two series continues as in former

years. A discussion of these and previous results indicates that
the last minimum of solar activity has the date i889'6.

A New Journal.—The Sidereal Messenger has ceased to

exist under this title, and has merged into Astronomy and
Astro-Physics. The first copy of this new journal has recently
been published in America. Its production is the natural result

of the development of astronomical physics. One portion of
the journal is to be devoted to general astronomy, whilst the
other deals with astro-physics. The editor of the former is Mr.
W. W. Payne, who so ably conducted the Sidereal Messenger,
and the latter section is under the charge of Prof. G. E. Hale,
whose excellent works on solar prominence photography are
known to all spectroscopists. If the editors can fill future

numbers of the journal with so many interesting and important
articles and notes as make up the first number, they will attain

a well-deserved success. Many of the articles have been pub-
lished in other journals, but this, of course, does not in the least

detract from the value of the new journal. The literature of

spectroscopy is truly said to be widely scattered, and Prof. Hale
is doing a meritorious work in bringing it all together.

KOREA.

A
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T the meeting of the Royal Geographical Society on Mon-
day night, the paper read was on a journey through North

[

Korea to the Ch'ang-pai Shan, by Mr. Charles W. Campbell.
j Ch'ang-pai Shan, or " Ever White Mountain," is the same as

Peik-lu San, or White Head Mountain, and "The Long White
I Mountain," so graphically described by Mr. James in his book
I

of that title. It lies in Manchuria, just beyond the Korean

boundary, and is remarkable for the deep-blue lake which lies

in a deep hollow on the ridge joining two of its peaks. It was
not till August 1889 that Mr. Campbell succeeded in leaving
Seoul, the capital of Korea. He journeyed east and north

along the coast. The country traversed is typical of the centre
and north of the country."

Korea," Mr. Campbell said,
"

is a land of mountains.
Go where you will, a stretch of level road is rare, and a stretch

of level plain rarer still. The view from any prominent height
is always the same ; the eye ranges over an expanse of hill-tops,
now running in a succession of long billowy lines, now broken

up like the wavelets in a choppy sea, often green with forest,
but just as often bare, brown, and forbidding. Clear mountain
brooks or shallow streams rushing over beds of gravel are never

wanting in the valleys below, where a rude log bridge, or curling
smoke, or the presence of cultivation, leads you to observe the
brown thatch of some huts clustered under the lea of a hill.

These hamlets are of two distinct kinds—the purely agricul-

tural, and those which depend as much on the entertainment of
travellers as on farming. The site of the agricultural village is

a hill-slope facing the south. Over this, low, mud-walled,
straw-thatched hovels, each standing in its own patch of garden,
which is protected by a neat fence of interlaced stems, are scat-

tered at random, and there is not much attempt at a street any-
where. Every house has its threshing-floor of beaten clay, the

workshop of the family. The stream which runs past the foot
of the hill, or courses down a gully in its side, is lined with
women and girls washing clothes with sticks instead of soap,
preparing cabbages for pickle, or steeping hemp. Seen from a

distance, these places are quite picturesque. The uneven ter-

races of thatch are brightened by the foliage and flowers of

gourds and melons which climb all over the huts. In the gar-
dens surrounding each house are plots of red chilli, rows of
castor-oil plants, and fruit trees, such as peach, apricot, pear,
and persimmon." The roadside village, on the other hand, is generally a most
unlovely spot. The only street is the main highway, which is

lined on both sides by a straggling collection of the huts I have
mentioned. Heaps of refuse, open drains, malodorous pools,
stacks of brushwood for fuel, nude sun- tanned children disport-
ing themselves, men and women threshing grain, and occasion-

ally a crowd of disputants, all combine to make it a very indifferent

thoroughfare. Most of the houses are inns or eating-shops.
The main gate of the inn leads directly from the street into a

quadrangle bounded on two sides by open sheds, which are

provided with troughs for the feeding of pack animals, and on
the other two sides by the guest rooms and kitchen. The
courtyard is untidy, often dominated by a powerful pig-stye, and
littered with fodder or earthenware pitchers and vats, whose
contents are usually the strong-smelling pickled cabbages and
turnips so dear to Korean stomachs.
"The main industry, ofcourse, is agriculture, carried on under
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disadvantages inseparable from the mountainous character of

the country. In Japan and China we know that persevering
care and energy have overcome similar disadvantages, but it is

not so in Korea. The terrace cultivation, the irrigation work?,
and above all the patient, almost fastidious labour, which make
the hills of Japan and South China yield their share of the

earth's good fruits, are practically unknown. Where water is

abundant and easily manageable, the lower reaches of ihe valleys
are taken up with rice, the higher portions with millet, beans,

buckwheat, &c. A particularly favourable slope, all the better

if it faces the south, is usually as much as the sides of the valley
.are called upon to contribute to cultivation. There is consider-

able waste about the paths and paddy-dykes, weeds are rank
and numerous, and the prim neatness so conspicuous in Japanese
farming is entirely wanting. Much of the newly broken ground
is naturally stony, and little effort is exercised to make it less so.

However, considering the small amount of labour expended on

agricultural operations, the crops are good, and speak eloquently
for the fertility of the soil."

Mr. Campbell reached the River Yalu in October, and although
he made every endeavour to reach his goal, the snow was so

deep, the passes so overhung with accumulations of snow, and his

guides so terrified, that he was compelled to turn back when
within a mile or two of the summit. Nevertheless, he succeeded
in making observations of considerable interest.

"
Peik-tu San, or Lao-pai Shan (Old White Mountain) as it is

at present called by the Chinese of Manchuria, is the most re-

markable mountain, naturally and historically, in this part of

Asia. The perennial whiteness of its crest, now known to be
caused by pumice when not by snow, made the peoples that

beheld it from the plains of Manchuria give it names whose

meanings have survived in the Chinese Cli'ang-pai Shan, or

Ever White Mountain. This designation, obviously assigned
to the WHiite Mountain alone, has been extended to the whole

range without apparent reason, for no other peak of it, so far as

is known, can pretend to perpetual whiteness, whether of pumice
or snow. Some loo miles south-east of Peik-tu San there is a

Ch'ang-peik San (Ever W^hite Mountain) which must approach,
if it does not exceed, the White Mountain in height, but the

Koreans do not ciedit it with a snowy covering for more than
nine months of the year, and a European traveller who has seen

it informs me that it is wooded to the summit, quite unlike Peik-

tu San, which is bare of forest for the last looo feet of its height.
The great point of interest in the mountain, apart from its

whiteness, is the lake— 12 miles in circuit according to Mr.

James and his party, the only Europeans who have seen it—
which lies in the broad top of the mountain at a height of 7500
feet above sea-level, and is supposed to be the source of the

three rivers, Yalu, Tumen, and Sungari. The Tel Tei-ki^ Great

Lake, as the Koreans call if, is the nucleus of a mass of

legend and fable. It is a sacred spot, the abode of beings
supernrtural, and not to be profaned by mortal eye with

impunity. Curiously enough, neither Cliinese nor Koreans
have the faintest notion of the real character of Peik-tu San.
The Chinese say that the lake is an 'eye of the sea,' and the
Koreans tell you that the rock of which the mountain is composed
floats in water, for lumps of pumice were common on the Yalu
at Hyei-san." Mr. Campbell's crude geological explanations,
that this cho-san (ancestral mountain) of Korea was a burnt-out

volcano, whose crater had been filled with wattr by springs,
were listened to with polite wonder, and treated with much less

credulity than ihey deserved. He pointed to the black dust, to

the clinkers, and to the rocks lining the banks of the Yalu for

miles, many of which looked as if they had been freshly ejected
from some subterranean furnace, bnt to no purpose. If

the occuirences he spoke of had taken place, they must have
been handed down by tradition ; and it was useless to cite lapse
of time—Koreans are ignorant of geological periods

— to people
whose history extends as far back as 4000 years ago. According
to Mr. Campbell's observation, most of the forest between
Po-ch'fin and Peik-tu San grows on volcanic matter, which was
without doubt ejected from Peik-tu San during successive erup-
tions. The general inferiority of the timber hereabouts to that

which he saw elsewhere in Korea led him to examine the soil

wherever an uprooted tree or a freshly-dug deer-pit furnished the

opportunity.
"
Beyond a thin coating of leaf-mould on the sur-

face, there was seldom anything else but pumice, broken to the

size of a very coarse sand. According to the hunters, this was
the subsoil everywhere in the forest, and to my knowledge
it extends for forty miles at least to the south from Peik-tu San.

Nearing the mountain we get the clearest evidence of the cha-
racter and recency, geologically speaking, of the eruptions
which spread this vast quantity of volcanic material over such a
wide area. Ten miles due south of the White Mountain, the

Yalu, now 8 or 10 yards broad and very shallow, flows between
banks like a railway-cutting, sheer, clean, and absolutely devoid
of vegetation, for denudation was too rapid to permit the slightest

growth." The sections thus exposed were often over 100 feet in

depth, and at one of the deepest portions Mr. Campbell counted
thirteen layers of black volcanic dust, all varying in thickness,
and each separated from the layer above by a thin layer of

light-coloured mould. So fine was this dust that the least

breath of wind caught it and scattered it freely over the

adjoining snow, to which it gave a grimy, sooty appearance.
"The forests of South Manchuria, though uninhabited now,

were, we learn from Chinese records, the home of many races

in ages past. The comparatively recent kingdom of Ko-ku rye,
which arose in the first century B.C., is said to have occupied
the Ch'ang-pai Shan and the head-waters of the Yalu river.

Anyone who has travelled through the forests might be inclined

to doubt such records, for, excepting hunters' lodges, one never
notices a vestige of human occupation. But it must be remem-

bered, on the other hand, that the word kuk (Chinese kno),

country or kingdom, was applied in the early history of Korea
and Manchuria to very limited communities, often to mere

villages. The word "tribe" better expresses what the so-called

kingdoms actually were ; and when we bear in mind their low
civilization and the impermanent character of their dwellings, it

is not surprising that my hasty journey failed to throw any light
on the ancient inhabitants of these forests.

"
Since his return,

however, ]\Ir. Campbell was informed by Mr. Fulford that

Chinese hunters told him of the discovery by them of human
implements

—of what kind Mr. Campbell cannot say
—when

digging deer-pits near the White Mountain.
Mr. James, in a paper read before the Royal Geographical

Society in June 1887, described very fully the guild of hunters
which practically owns and rules the forests to the north and
west of Peik-tu San. The Koreans have no such guild,

probably because they have not so much to fear from bandits,
but each hunter has a recognized right of ownership over a

rudely defined district in the neighbourhood of his hut. Over
this he hunts and traps deer in summer, and sable at the begin-

ing of winter, altogether spending about five months of the year
in the forest ; the remaining seven are pa.ssed at his home on or

near the Yalu, either tilling his ground or living in idleness on
the proceeds of hunting seasons. Besides sable and deer, tiger

leopard, bear, pig, and ermine are found here ; bear, probably
the common brown species {Urstis arch's), are said by the

hunters to be very numerous in summer. In mid-Korea Mr.

Campbell has seen a small black bear with a white patch on his

chest {Ursiis iibetamis), but the Yalu trappers did not seem to

know it. Hazel-grouse were the only game-birds he noticed.

Throughout the forests insect pests abound in the summer
months. Mosquitoes, gnats, and gad-flies make the lives of the

settlers perfectly burdensome for two or three months of the

year, and ponies and bulls quickly succumb to their attacks.

'I'he houses are kept constantly filled with birch-smoke to drive

them off ; cattle are protected i«y fires of greenwood in the open ;

anrl men working the clearings carry coils of rope made from
dried Artemisia, which burns slowly and emits a pungent odour,
for the same purpose.

THE GEOLOGY OF THE HIMALAYAS.
'X'HE twenty-third volume of the Memoirs of the Geological^

Survey of India, consisting of some 250 pages, is wholly
taken up by an account ol the geology of the Central Hima-

layas, by the Superintendent of the burvey, Mr. C. L. Gries-

bach, CLE. The carefully written text is illustrale<l by some
of the most exquisite and instructive photographs of synclinals,

folded beds, faults, glaciers, &c., which have ever been pro-

duced, to say nothing of the numerous maps and sections.

We have thought it best to give Mr. Griesbach's conclusions

on the important subject with which he deals in his own
words :

—
The Himalayan region forms part of the vast structure of the

Central Asian elevation
;

it is so closely connected with the

latter, both structurally and geographically, that it is very
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difficult to decide its exact limits. Native geographers and the

Puranic scriptures define the Himalayas as comprising only the

chain of snowy peaks at the head of the Ganges drainage.
Modern views generally limit the Himalayas to the system of

mountain ranges which extend between the Brahmaputra and
Indus rivers. Of course, structurally, these ranges continue

beyond these boundaries, but there are distinct changes in the

features of the ranges which make these limits advisable. As

regards the lateral extension of the region, several views have
been formed ; but I consider it most convenient, and at the same
time more in accordance with the original significance of the

term, to call Himalayas only the system of ranges which fringe
the Tibetan highlands along its southern margin, a view which
is now most generally held. That part of the system in which
rise the headwaters of the Ganges drainage, and extending
north-westwards as far as the Sutlej gorge, I call here the

Central Himalayas, and within this area I divide the Central

ranges into (i) Northern range (watershed), and (2) Southern

range (line of highest peaks).
Whilst the Southern range of the Central Himalayas is formed

chiefly of crystalline rocks, mostly gneissic with metamorphic
schists, it is shown that the Northern range is almost entirely

composed of a vast sequence of sedimentary strata, ranging from
the lowest palseozoic to tertiary and recent age. The detailed

description of these various formations I have given in the

preceding pages, and I will here only recapitulate the following

points.

Immediately on the crystalline schists reposes an enormous
thickness of beds of varying lithological character, named
haimantas by me, which are sharply defined near its upper limit

by most characteristic red quartz shales, which form the base of

the richly fossiliferous lower Silurians. Structurally, this system
is very much more fully developed than the succeeding Silurians,

being in most sections more than double the thickness of the

latter. But the lower limit of the haimantas is obscure ; an
almost perfect lithological passage may be traced from the

crystallines (vaikritas) into this system, both in the western and
easternmost sections described.

One of the most characteristic amongst the various horizons

in this system is a great thickness of a coarse conglomerate or

boulder-bed, which in some sections alternates with slaty beds,
but is never entirely absent. This, in conjunction with the

ripple-marking which may be seen on nearly all the slaty beds of
the haimantas, indicates clearly that w^ must suppose the

ancient coast-limits of haimanta age to have been in close

proximity. The apparent overlap of haimantas on gneiss (Niti

area) is easily explained, if we suppose this system to have
been developed in this region as a littoral formation. It is

extremely probable that one of the earliest Himalayan dis-

turbances occurred immediately before haimanta times.

; Lithological resemblance, not less than structural features,

point to the probability that a part at least of the slate series of

the Lower Himalayas are equivalents of the haimanta system of

the Central Himalayas. I believe even that some of the older

rocks, which immediately underlie the Vindhian group, may yet
be found to belon;^ to the same age. It would thus follow that

the haimanta seas had extended not only over the greater part of

the present Himalayan area, but perhaps also as far south as

Central India. If so, the line of the Central Himalayas was

probably marked out as a chain of elevations, from the waste
of which the boulders and pebbles of the haimanta conglomerate
and of the Simla rocks were derived. The latter supposition is

also advanced by the authors of the " Manual." ^

The palaeozoic group forms an uninterrupted sequence from
the lowest haimantas to the upper carboniferous ; and this

sequence is the same, or nearly so, in all the sections of the

Central Himalayas. The first indications of a disturbance are

noticeable in the upper carboniferous. Certain beds of the latter

are wanting in some sections, and I found the next following

system overlapping what I must look upon as an eroded surface

of upper carboniferous.

Nearly everywhere I found the latter overlaid by a great

sequence of beds, which represent permian, trias, rhaetic, and
lias. This group of systems forms an uninterrupted sequence,
with conformable bedding throughout. The base of the sequence
is everywhere seen to be dark crumbling shales, which contain

a palaeozoic fauna, probably permian in character, which gradu-

ally passes into lowest trias beds through dark limestones and
shales which have yielded a curious fauna, some of the species of

which have strong affinities with permian forms. On it rest

'
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lower trias beds, followed by a continuous succession of strata,

which reach up into the lower lias.

The same condition prevails in Spiti, where the lower lias is

also well represented.
The lias limestones and shales are overlaid l;y Jurassic (Spiti)

beds, which have yielded a large number of fossils, but which
have not yet been entirely examined. Most of them appear
to belong to the upper jurassics rather than middle or lower.
Whether the latter is represented or not, is not quite clear, but

the bedding of the Spiti shales is isoclinal with the lower lias,

and if there is an unconformity between these systems, it may
only be conjectured from the sudden and entire change in

lithological character of the two formations, coupled with the

absence of lower Jurassic forms amongst the species found in the

Spiti shales.

From this formation there is a gradual passage into the greenish
shales and sandstones of the cretaceous (with perhaps upper
Jurassic), the Gieumal sandstone of Stoliczka. Again a sudden

change in lithological character from these sandstones into the

white limestone of the upper cretaceous seems to point to the

probability of there having occurred physical changes on a large
scale after the deposition of the lower cretaceous. In the Central
Asian area, and also in the Perso-Afghan region, a strongly
marked overlap of the upper cretaceous over the neocomian
limestones may be observed.

Probably similar features will be found to exist in the Himalayan
area, the cretaceous rocks of which have not been closely studied.

The tertiary system is fully developed, though few fossils were
found in it. A great unconformity occurs between certain sand-

stones which cannot be older than upper eocene (overlying
tinmmiililics), and are probably of miocene age, and horizontal

beds of clay, sand, gravels, and sandstone, which form the high
table-land of Hundes, which, having yielded mammalian bone

remains, are commonly known as the ossiferous beds of Hundes.
From the foregoing it will be seen that special disturbances

must have occurred in early geological times, and have been

repeated periodically.
It is very certain that near the beginning of the haimanta era

sufficient physical changes have occurred not only to completely
alter the lithological character of the deposits in course of forma-

tion, but also the area in which the latter were laid down. The
great thicknesses of coarse conglomerates, which are of wide-

spread extent in the lower haimantas, indicate the nearness of

land at the time, or, as I may term it, the existence of an early

region of elevation in place of the present area of the (Central

Himalayas. At the same time lithological, not less than

structural, conditions point to the probability of true haimanta

deposits having been laid down also on the south slope of what
is now the Central Himalayan region.
The compression of the Himalayan, and indeed entire Central

Asian area, and consequent folding, and thus elevating of it, most

probably went on uninterruptedly and continuously from the

earliest epochs to the present; indeed, the natural forces exerted
on the surface of our globe condition this. But in addition to

this, periodical greater changes have taken place, and are proved
by the sections of the Central Himalayas.

After the lower haimanta recession of deposits from the entire

Himalayan area into well-defined northern and southern regions
of formations, we find an undisturbed sequence of beds till the

upper carboniferous, when clear evidences of a great overlap may
be observed. This is well marked in, the Central Himalayas,
and is clearly proved in the Perso-Afghan area, where car-

boniferous marine limestones are followed by littoral deposits,
the upper beds of which contain a triassic fauna. Here we
have therefore a period of sub-aerial and marine erosion of the

carboniferous, followed by an overlap of probably a permian and
triassic sequence of deposits.
The third period of disturbance seems to belong to the lower

Jurassic age, where a gap (partial or otherwise) between lower
lias and middle or upper jurassics is probable.

I may mention that this gap is not observable in the Perso-

Afghan region, where the passage from the trias into jurassics
and neocomian is gradual.
On the other hand, a decided overlap on an immense scale has

occurred in later cretaceous times in Central Asia, and we find

that hippuritic limestone covers both jurassics and neocomian

unconformably. Such is less apparent in the Central Himalayas,
though probable enough when considering the sudden change
from the sandstone and shales of the lower cretaceous to the
hard white and grey limestone of the upper cretaceous.

The fifth period of disturbance, which is clearly shown in the
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Central Himalayas, occurred after the deposition of the sand-

stones which overlie the nttmmulitics of Hundes, and which are

probably of miocene age. A considerable gap seems to exist

between the latter and the ossiferous younger tertiaries which fill

the Hundes basin.

There is clear evidence, therefore, of very early disturbances

having taken place in the Himalayan area. There are abundant

proofs that minor changes in the distribution of land and water

have occurred not only frequently, but we can scarcely believe

otherwise than that the forces which have resulted in the intricate

folding and crumpling of the great sequence of sedimentary and

crystalline strata must have been of very long duration, and were

probably existent from the very earliest date when the first grain
of sediment was deposited in the Himalayan seas. We can go
further. Whatever other—and as yet only dimly understood—
forces were at work to produce this contraction and folding of

the earth's crust, we know of two forces about which there can

scarcely be the slightest doubt. The first is the gradual cooling
of our earth, and consequent lessening and shrinking of the

surface of it. Secondly—and this is a force which may be

mathematically expressed
—we know that the centrifugal force

endeavours to move every point on the surface of the earth in a

direction opposite to that in which gravitation attracts it.

The actual force exerted is the resultant between the centri-

fugal and tangential forces, and it has the tendency, if I may so

express it, of gradually moving each point on the surface of the

earth towards the equator. It maybe supposed that an enormous

sequence, of to a certain extent pliable deposits, trying to move
bodily, as it were, towards the equator, but en route arrested and
banked up against a rigid mass of which the peninsula of India

is a small remnant only, must necessarily have suffered wrinkling,
and lateral crushing.

These forces operated since the earth existed, and must be
active now. But throughout the great sequence of the palaeozoic,

mesozoic, and kainozoic deposits, we search in vain for an
internal explanation of the great unconformities and disturbances

of coast-line which have taken place at certain intervals, such as

I have sketched out above. That these changes were not local

overlaps only is apparent when we compare the Central

Himalayan area with the Perso-Afghan region. In the latter

the physical changes are far more clearly marked. At the close

of the carboniferous epoch, which was one of pelagic conditions

in the Hindu Kiish area, Khorassan and Persia, the distribution

of land and water must have considerably changed, as we find

immediately above the carboniferous limestone, shaly beds with

coal-seams, and conglomerates and partly littoral, partly fresh-

water conditions prevailed in that area till late into Jurassic
times. These disturbances, which are slightly indicated in the

Himalayas, are clearly shown and occur on a larger scale in the

West Central Asian area.

The next great change in the Perso-Afghan area is the great

overlap of the upper cretaceous (hippuritic) limestone over the

neocomian, already alluded to. It has resulted in a great and
often strongly expressed unconformity. Again, another and

strongly marked change occurs in the middle tertiaries of the

Perso Afghan area. The purely marine miocene beds are over-

laid, often with isoclinal bedding, at other localities distinctly

unconformably, by upper tertiary freshwater deposits. If the

folding and crushing process were alone the cause of these—
shall I call them cycles of disturbances—then at least some
evidence of it should be observable within the sequences of

rocks as we see them.
On the other hand, there is no direct evidence to show that

the raising of the Himalayas as a mountain system was in any
way due to these periodical fluctuations of sea-level, or, as Suess
terms it, the "positive

" and "negative
" movements of the liquid

covering of the earth. The evidence of the transverse valleys
in the Himalayas points even to the probability that the raising

up of the chains of hills forming them, i.e. the folding and

crumpling of its rock strata, must have kept pace, step by step,
with the erosion by rivers which we now find, traversing the

whole width of this mountain system.
Such transverse valleys, however, can only date since the last

of the periodical changes spoken of, i.e. since the middle

tertiary epoch. Before that time, up to the point when the last

marine tertiary deposits were laid down along the margin of

the Himalayas, the relative position of Peninsular India and
Central Asia must have been the reverse of what we know them
to be now ; that is to say, the surface of the Central Asian

elevated massif must have been nearer the centre of our earth
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than the surface of the continent, of which the Peninsula cof

India forms only a portion of the remains.

It is improbable that the folding action alone has been the

cause of the present structure and orographical features of

Central Asia and the areas south of it : for the final great

changes which have resulted in the draining of Central Asia of

the tertiary seas, of which nothing now remains but isolated salt-

water lake-basins, such as the Aral and the Caspian are, we must
look for other causes.

Possibly such may be found in the sinking in of large portions
of the southern hemisphere which caused the submergence of

the Indo- African area below what is now the Indian Ocean.
With it the part now known to us as the Peninsula of India

may have partially broken down, though of that we have no
direct evidence, unless the improbability that the Central Asian
area could have been pushed up to its present elevation aliove the

Peninsula entirely through being folded might be adduced as

proof. Large tracts of Central Asia we know could never have
suffered folding to any but very slight extent, as, for instance,
the greater part of the tertiaries of the Turkistan region which
are often in undisturbed horizontal position. On the other hand,
these latter are but little raised above—some are even depressed
below—the level of India,

In all these considerations and speculations two points seem

probable almost beyond doubt, namely : First, that the last and
main disturbance of physical conditions of the Central Asian area

has taken place in post eocene, perhaps in middle tertiary times,
and is most likely still continued to the present day.^ Secondly,
that this period of disturbance coincides with the sinking in of

the Indo-African continent, which "
breaking down

"
caused the

final draining of the tertiary seas from the Central Asian area.

Not so certain is whether the raising en bloc of the Central

Asian mass above the level of the Indian Peninsula is due only
to the folding process, or whether some movement downwards
of the Peninsula, in connection with the sinking in of the Indo-

African region, may not have had a share in producing the present

configuration of the Hundes plateau. Some such movement may
be conjectured. Certain supposed elevations of the Peninsula

may possibly be owing to "negative
" movements of the area of

the Indian Ocean—in other words, to the sinking in of the ocean

bed.-

SCIENTIFIC SERIALS.
American Journal of Science, January.

—Theory of an inter-

glacial submergence in England, by G. Frederick Wright. The

theory of deep interglacial submergence which has been pro-

pounded to account for the shell-beds at Moel Tryfaen, near

Snowdon, and at Macclesfield, is opposed by several formida'ile

objections, viz. (i) the subsidence must have been one which
affected North Wales and central England without affecting the

region south of the the Thames and Bristol Channel ; (2) there

is in other places a considerable absence of marks of subsidence

over the northern part of the centre of England, where it is sup-

posed to have been the greatest ; (3) the Pennine Chain is not

more than 25 or 30 miles wide from east to west, yet east of

Macclesfield there is an entire absence upon its flanks both of

glacial deposits and of beach lines ; (4) the shell beds are strictly

confined not only to the area which was demonstrably covered

by glacial ice, but to those more limited areas which were
reached by ice that is known to have moved in its way over

shallow sea-bottoms; (5) the assemblage of shells is not such as

could have occurred in one place in the ordinary course of

nature. The author develops a system of glaciers which will

explain the facts at present known, upon the supposition of a

single glacial epoch.
—The Permian of Texas, by Ralph S.

Tarr. It is shown that the Permian of Texas is, like other areas

of Permian, a deposit in large measure made in an inland sea.—
The chemical composition of iolite, by O. C. Farrington. The
formula obtained from two analyses of exceptionally pure speci-
mens of the mineral is HjO 4(MgFe)0 4Al203ioSi02, the

ratio of MgO to FeO in the two cases being as 7 : 2.—On a series

of csesium trihalides, by H. L. Wells; including their crystal

lography, by S. L. Penfield. Upon adding bromine to a con-

centrated solution of caesium chloride, a bright yellow precipi-
tate was obtained, from which crystals were formed having
the composition Cs.CKBrj. An attempt has been made to

' "
Manual," pp. Ivi., 680, &c.

^ See "
Manual," p. 681.
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prepare all the members in the following series, and, with the

exception of Nos. 4 and 10, all of theoQ have been isolated :

(I) Csls. (2) CsBrlo, (3) CsBrJ, (4) CsClIa, (5) CsClBrl, (6)

CsCIsI, (7) CsBrj, (8) CsClBrs' {9) CsCljBr, (10) CsClg. The
characteristics of these compounds have been fully studied.—
The law of elastic lengthening, by J. O. Thompson. The
author has made an extended and thorough investigation on
Hooke's law. The experiments were carried out at the Physical
Institute of the University of Strassburg, with the advice and

help of Prof. Kohlrausch. They lead to the following con-

clusions :
—

(i) The generally accepted law of elastic lengthening,
X = oP, according to which the lengthening x is proportional to

the stretching weight P is only an approximation. (2) The
relation between elastic extension and stretching weight can be

expressed by an equation of the following form ;
—

X = aP+;3P= + 7P3.

{3) The modulus of elasticity of the undeformed body can be

calculated with the help of the equation

'dx\ = d.

{4) The true moduli of elasticity, calculated in this way, may be
as much as 16 per cent, larger than those determined in the

ordinary way. Consequently it will be necessary '.o recalculate

physical constants which depend on the modulus of elasticity.
—

A method for the quantitative separation of strontium from
calcium by the action of amyl alcohol on the nitrates, by P. E.

Browning.—The relation of melting-point to pressure in case of

igneous rock fusion, by C. Barus. From the experiments on
diabase the relation of melting-point to pressure at 1200° is

cTYjcip
— 021

;
at 1100°, d'Yjdp

—
'029. And since the probable

silicate \z\\x^ of dTJiip = '25 at 1170°, and as this falls within

the margin ("020 to 030) of corresponding data for organic sub-

stances such as spermaceti, paraffin, &c,, it is inferred that the

relation of melting-point to pressure, in case of the normal type
of fusion, is nearly constant, irrespective of the substance

operated upon.
—The discovery of Clymenia in the fauna of the

Intume-cens zone (Naples tieds) of Western New York, and its

geological significance, by John M. Clarke.—A new meteoric

iron from Garrett Co., Maryland, by A. E. Foote. A plate

accompanies this paper.
—

Farrington, Washington Co., Kansas,

aerolite, by G. F. Kunz and E. Weinschenk.—The skull of

Torosaurus, by O. C. Marsh.

SOCIETIES AND ACADEMIES.
London.

Royal Society, January 21.—"Additional Observations on
the Development of Apletyx." By T. Jeffery Parker, B. Sc,
F.R.S.
The paper is founded upon the study of three embryos of

Apteryx atistralis obtained smce the author's former communi-
cation on this subject was written.

The youngest (stage E') is intermediate between E and F of

the former paper, the next (F') between F and G, the most
advanced (G') between G and H.

In E' the characteristic form of the beak has already

appeared.
In F' the pollex is unusually large, giving the fore-limb the

normal characteristics of an embryo wing.
Several important additions and corrections are made to the

former ace «unt of the skull, especially with regard to the pre-

sphenoid region, the basi-cranial fontanelles, and the relations

between the trabecular and para-chordal regions.
The account of the shoulder-girdle is amended. In Apteryx

owe/ii the coracoid region is solid, and no pro-coracoid appears
ever to be formed : in A. australis a ligamentous pro-coracoid
is present at a comparatively early period (stage F', and perhaps
E)-

. .

An intermedium is present in the carpus in all three specimens,
in addition to the elements previously described.

The brain in stage G' is interesting, as being at what may be
called the critical stage ;

the cerebellum is fully developed, and
the optic lobes have attained the maximum proportional size

and are lateral in position. In all essential respects the brain

of this emiiryo is typically avian.

Royal Microscopical Society, January 20.—Dr. R.

Braithwaite, President, in the chair.—The Society adjourned
after passing a vote of sympathy and condolence to His Royal

Highness the Prince of Wales (Patron of the Society) on the

sad loss he had sustained.—This being the annual meeting, the

President's address, which was to have been read, was therefore

postponed till the next meeting, February 17.

Edinburgh.

Royal Society, January 4.
—Prof. Sir W. Turner, Vice-

President, in the chair.—Dr. Noel Paton read a paper on the

action of the auriculo-ventricular valves. It has hitherto been

supposed that, when these valves close, the two flaps are floated

up by the fluid, and, partially overlapping, prevent the passage
of the fluid by being pressed against each other. Thus it has

been supposed that, when closed, the upper surface of one flap

presses against the under surface of the other. Dr. Paton
has found, by direct experiment, that the flaps remain, on the

whole, in a pendant position, the upper surfaces of the two

being pressed together.
—Mr. John Aitken read the second part

of a paper on the number of dust particles in the atmosphere of

certain places in Great Britain and on the Continent, with remarks

on the relation between the amount of dust and meteorological

phenomena.
—Dr. Thomas Muir read a paper on a theorem re-

garding a series of convergents to the roots of a number.

The investigation was suggested by some work of the late Dr.

Sang. The series does not converge rapidly, and so cannot

be of great practical use.—Mr. Malcolm Laurie read a paper
on the development of the lung-books of Scorpio, and the

relation of the lung-books to the gills of aquatic forms. He
was led to investigate this subject by observations made on the

allied fossil forms described in his paper read at the previous

meeting of the Society. He concludes that the lung-books are

not formed by a process of invagination, as is usually supposed
to be the case. He considers that the cavities are formed by
the growth of a protecting plate which finally adheres to the body.

Sydney.

Royal Society of New South Wales, November 4,

1891.—H. C. Russell, F.R.S., President, in the chair.—The

following papers were read :
—Notes on Artesian water in New

South Wales, by Prof. David.—On the constitution of the sugar

series, by W. M. Hamlet.
December 2.—H. C. Russell, F.R.S., President, in the

chair.—The following papers were read :
—On kaolinite from

the Hawkesbury sandstone, by H. G. Smith.— Notes on some
New South Wales minerals (Note No. 6), by Prof. Liversidge,
F.R.S.—Notes on the rate of growth of some Australian trees,

by H. C. Russell, F.R.S.—Some folk-songs and myths from

Samoa, translated by the Rev. G. Pratt, with introductions and

notes, by Dr. John Eraser.

Paris.

Academy of Sciences, January 18.—M. Duchartre in the

chair.—Obituary notice on the late Sir George Biddell Airy, by
M. Faye.—On the mass of the atmosphere, by M. Mascart. It

is shown that the determination of the mass of the atmosphere
by observations of the pressures at the surface is open to serious

objections, and involves a notable error. The mass, calculated

by means of the formulae developed by M. Mascart, is one-

sixth greater than that usually obtained. The quantity of air

situated at a height of 64 kilometres is 1/700 of the total mass.

Particles of ice and water are suspended at this height, although
the air is so rarefied. It is therefore presumed that the density
does not diminish uniformly with increase of height above sea-

level, hut decreases more slowly in high than in low strata. [On
this point see a note in Nature, p. 259.]

—New note on the

resistance and small deformations of helical springs, by M. H.
Resal.—On solar statistics for 1891, by M. Rodolf Wolf. (See
Our Astronomical Column.)—Observations of Wolf's periodic

comet, made in 1891 with the great equatorial of Bordeaux Ob-

servatory, by MM. G. Rayet.L. Picart, and Courty. Observations

of position are given, extending from [une 27 to December 27.
—

On integrals of differential equations of the first order, possessing a

limited number of values, by M. P. Painleve.—On an arithmetical

theorem of M. Poincare's, by M. Victor Stanievitch.—On
organic compounds as solvents for salts, by M. A. Etard.—
Action of carbon monoxide on iron and manganese, by M.
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Guntz. Pure finely divided manganese, obtained by heating an

amalgam formed electrolytically, at 400° completely absorbs

pure carbon monoxide as follows :
—Mn + CO = MnO + C.

The reaction is probably the same in the case of iron. This

explains the facility with which C is taken up by iron in the

blast furnace. The spongy iron reduces CO, and finely divided

C is deposited in contact with the FeO formed
; at a higher

temperature the FeO is reduced by CO, when the metallic Fe

readily takes up the finely divided C intimately mixed with it.—
Action of carbon on sodium sulphate, in presence of silica, by
M. Scheurer-Kestne'.— Lithium nitride, by M. I . Ouvrard

(See Notes.) — Action of phosphorus pentachloride on ethyl

oxalate, by M. Ad. Fauconnier (See Nu'es).
— On the thermal

value of the substitution i'y sodium in the two alcoholic

hydroxy! groups of glycol, by M. de Forrrand.—An isomeride

of camphor, by M. Ph. BarLier —The fixation of iodine by
starch, by M. E. Rouvier —Ihe rotitory power of silks of

different origin, by M. Leo Vignoii.
—Action of boric acid on

germination, by M. J. Morel.—Contribution to the embryogeny
oi Sniiaa clasipes, by M. L. F. Henneguy.

— On some new
Coccidia, parasites of fishes, by M. P. Theiohan.—On the pre-
vention of hiccough by piessnre on the phrt-nic nerve, by M.
Leloir. Five years ago the author was consulted by a girl

twelve years of age who hiccoughed every half-minute. .She

was thus prevented from sleeping, or masticating her food, and her

life was despaired of. Anti-spasmodic prescriptions were tried

in vain. After pressing the left phrenic nerve, however, for

about three minutes, the hiccoughing disappeared. The method
has since been successful in many other cases—On the

muciferous apparatus of Laminaria, by M. Leon Guignard.
—

On the dorsal insertion of the ovules of Angiosptrms, by M.
Gustave Chauveaud.—On chloride of sodium in plants, by M.
Pierre Lesage. It appears that when Lepidiiiin sativum and

Kaphamts sativtis are watered with a solution of sodium
chloride the elements of this salt are found in these plants,

consequently a certain proportion of each is absorbed by the

plants.
— Observation of a lunar corona on January 14, 1892, by

M. Chapel.

Berlin'.

Physical Society, January 8.—Prof. Kundt, President, in

the chair.—Dr. Kurlbaum described a surface-bolometer which
he had constructed in conjunction with Dr. Lummer. It

is cut out of platinum foil whose thickness is o'Oi2 mm.,
and possesses the great advantage of very rapidly coming to

rest. It is a trustworthy instrument for the measurement of

the differences in luminosity of two sources of light.
—Dr.

Pringsheim described a lengthy series of experiments made
in order to determine whether the emission of light by gases is

the outcome of mere elevation of temperature, or whether
electrical or chemical processes play a necessary part in their

incandescence. Sodium vapours were found to yield their

characteristic spectral lines and absorption spectra, when

passed through a highly heated porcelain tube, only in the case

where chemical processes (of reduction) could be ascertained to

take place inside the tube. In the absence of these reduction

processes, both the emission and absorption of light by the

sodium vapours were wanting. The experiments further showed
that Kirchoff's law holds good not only for the emission of light

resulting from a rise of temperature, but also for that which
results from chemical processes, since in all cases the emission

spectrum corresponded absolutely to the absorption spectrum.

Meteorological Society, January 12.—Prof. Schwalbe,
President, in the chair.—Dr. Sprung exhibited his improved
sliding-weight balance, demonstrated its mode of action and
extreme sensitiveness, and explained its use in the registration
of changes of atmospheric pressure, temperature, and humidity.—Prof. Boernstein spoke of a case of extraordinarily rapid

evaporation from both the surface of his body and his clothing,
which he had recently observed while on a glacier. He
expressed his belief that the evaporation was due to the lesser

tension of aqueous vapour, for any given temperature, over a

surface of ice as compared with its tension, at the same

temperature, over a surface of water. Dr. Assmann put
forward the view that the phenomenon was due to the extreme
and sudden dryness of the air often observed in elevated

regions, and to the powerful effect of solar radiation.—Dr.

Andries read a passage from Virgil's ".<^neid" which contains

a most clear description of a cyclone.
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Physiological Society, January 15.
—Prof, du Bois Rey-

mond, President, in the chair.—Dr. Max Levy described his-

experiments on the influence of blood-supply to the skin on the

secretion of sweat as .'een in the paw of the cat. He found that

bljod only supplies the material necessary for the secretion.

Secretion can be obtained even after complete occlusion of the

blood-vessels supplying the glands. After antemia lasting for

35 minutes the sweat-glands are paralyzed, but can recover

their functional activity even after having been deprived of

blood for five hours.— Dr. Th. Weyl gave an account of the

re-ults of his experiments on animals (pigeons and fowls)

rendered immune to anthrax. When anthrax spores were

introduced on a silk thread under the skin of these animals, the

spores retained their full activity at the end of one day's sojourn
under the skin. If kept there for a longer period, they lost

someof their virulence, and were found to have become quite
harmless at the end of six days in the pigeon, and three or

more in the fowl.

Ernittim.—In the report of the Meteorological Society for

December i, 1891 (see Naiuke, vol. xlv. p. 168) for "maxi-
mum and minimum thermometer" read "sling thermometer.

BOOKS, PAMPHLETS, and SERIALS RECEIVED.
Books.— Cooley's Cyclopsedia of Practical Receipts, 2 vols., 7th edition ;

W. North (Churctiill)
—Manual of Chemical Technologv :

«
. von Wagner :

translaied and edited by W. Crnoke-; (Churchill).—The Human Mind. 2

vols.: T. Sully (Longmans).— The Rainfall ofJamaica : M. Hall (Stanford),
—The Horse: W. H. Flower (Kegan Paul).
Pamphlets.—A New Departure in AstronoTiy : E. H. (Chapman and

Hall).
— Hand-book on Viticulture for Victoria (Melbourne, Brain).

—Royal
Commission on Vegetable Products: T. Ensilage; II. Perfume Plants and
Essential Oils ^Melbourne, Brain).— Report upon the Condition and Pro-

gress ofthe U.S. National Museum during the year ending June 30, 1889 :

G. B. Go. de (Washington).— List of Institutions and Foreign and 1 )omestic

I.ibrar.es to which it is desired to send future: Publications of the National

Museum (Washington).—Te Pito te Hfuua, or Easter Island : W. J 'I'hom-

son (Washington). -Aboriginal Skin DresMng : O. T. Maspn (Washington)— 'I he Develoimient of the American Rail and Track, as illustrated by the

Collection in the U.S. National Museum: J. E. Watkins( Washington).—
Preliminary Hand book ofthe Depanment of Geolrgy i f the US. National-

Museum : C;. P. Merrill (Washington).—Les Odeurs : M. C. Henry (Paris,

Hermann).
Serial?.— Zeitschrift fiir Wissenschafiliche Zoologie, liii. Band, 3 Heft

(Williams and Norgate).
—Morphologisches Jahrbuch, xviii. Band, i Heft

(Williams and Norgate).- Bulletin of the Buffalo Society of Natural

Sciences, vol. v. No. 3 (Buffalo).—Records of the Geological Survey of

India, vol. xxiv. Part 4, 1891 (Calcutta).

CONTENTS. PAGE

The Astronomical Theory of the Glacial Period.

By Prof. G. H. Darwin, F.R.S 289

Popular Zoology. By A. R. W 291

Physiological Chemistry for Medical Students . . 292
Our Book Shelf:—

Cox :

" Problems in Chemical Arithmetic
"

. . . . 293
Letters to the Editor :—

The Theory of Solutions.—Prof. W. Ostwald . . 293
A Simple Heat Engine. (///?«/r«/^fl^.)—Frederick J.

Smith 294
The Migration of the Lemming.—W. Duppa-
Crotch ; W. Mattieu-Williams 294

The New Forest Bill, 1892.—H. Goss 295

A Brilliant Meteor.—Thomas Heath 295
On some Points in Ancient Egyptian Astronomy.

{Illustrated.) By J. Norman Lockyer, F.R.S. . . . 296
On the Number of Dust Particles in the Atmo-

sphere of Various Places in Great Britain and on

the Continent. By John Aitken, F.R.S 299

John Couch Adams 3°*

Walter Hood Fitch 302
Notes 302
Our Astronomical Column :—

Wolf's Numbers for 1891 • 307
A New Journal 307

Korea. By Charles W. Campbell 307
The Geology of the Himalayas 308
Scientific Serials . . 310
Societies and Academies 3"
Books, Pamphlets, and Serials Received 312



NA TURE 'I T -T

CARPENTER BY DALLINGER.
The Microscope and its Revelations. By the late William

B. Carpenter, C.B. M.D., F.R.S. Seventh Edition, by
the Rev. W. H. Dallinger, LL.D., F.R.S. (London :

J. and A. Churchill, 1891.)

THE
earlier editions of Dr. Carpenter's

"
Microscope"

had a satisfactory basis. They formed an excellent

guide to the use of the instrument, in days when micro-

scopic tecJinique was far less elaborated than it is now,
written by an enthusiastic and experienced worker. Dr.

Carpenter told us about the theory of the microscope and the

different kinds of stages, rack-works, and objectives which

he himself had seen and tried ;
and then gave a somewhat

casual and purely personal account of different animal,

vegetable, and mineral structures which had been investi-

gated with the microscope, and had especially excited his

interest and attention. The book was valuable because

it contained the advice and judgment of a great authority,

and original observations upon a heterogeneous assem-

blage of objects by a highly competent naturalist. The
later editions of the book, even in Dr. Carpenter's

hands, lost a good deal of the original character of the

work. New matter of all kinds was fitted in, until the

volume became very bulky. Still, the selection of

material was made by one man, and the work might be

regarded as his note-book, his conception of what was

most interesting and instructive in the wide field of

microscopic research. An edition of such a book by
other hands after the death of the original author is

not likely to be a real success, though it may justify a

publishers commercial foresight. Dr. Carpenter's name
is a good one to trade with ; but as a matter of fact there

is not much of Dr. Carpenter in the present work, and

what there is has only impeded the naturalists who have

assisted Dr. Dallinger in elaborating its contents. The
result is very confusing : the reader often is at a loss to

know whether a statement is one surviving from Dr.

Carpenter himself or is introduced by the new editor.

The book really consists of five treatises compressed into

a single volume, no one of which excepting the first is

by any means complete. These treatises are : (i) on the

theory of microscopical optics, and the history and pre-

sent development of the compound microscope and

accessory instruments; (2) on microscopic technique:

(3) on the vegetable kingdom and vegetable histology ;

(4) on the animal kingdom and animal histology ; (5)

on the microscopic structure of minerals and rocks.

The first of these treatises is a new and original work by
Dr. Dallinger, and occupies five chapters. It contains a

valuable exposition of the theory of modern objectives,

and some interesting records of ancient microscopes.

The statements on p. 209, as to the introduction of the

Hartnack model and objectives into this country, and the

motives which led to it, are entirely erroneous. I had a

large share in that innovation ;
and I have no hesitation

in stating that what led to the importation of German
and French microscopes direct from their makers was the

simple fact that one obtained an efficient instrument for

about one-fourth of the price exacted at that time by
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English makers for an instrument of no greater practica
value ;

whilst it was also the fact that English dealers-

(not the great makers) were in the habit of selling inferior

Continental objectives (rejected by their makers) as their

own "
make," at higher prices than would suffice to pur-

chase first-rate glasses from the Continental firms. The
result of the diversion of English purchasers to Con-
tinental stands and objectives was the simplification of

English models, and an enormous reduction in the price
of English-made objectives.

The treatise on section-cutting, mounting, use of re-

agents, &c., is necessarily short, and lacks that complete-
ness and authority which can alone make a laboratory

guide really useful. . But the chapter on practical micro-

scopy is a really valuable one, giving the matured con-

clusions of the editor as to the true methods of getting
the best possible performance from the instrument. The

English school of microscopists is unrivalled in the

services which it has rendered to the development of

the microscope as an instrument of precision, and in the

cultivation of the art of obtaining from it the most

perfect optical results by skilful management of illumina-

tion, &c., as also of rightly judging and correcting those

results. The high eulogy passed on the Royal Micro-

scopical Society (p. 340), in view of its services in this

field, is amply warranted. It is, however, to be regretted

that the name of the late Dr. Royston Pigott, F.R.S., is-

omitted from the history here given of the improvements
in condensers, objectives, and eye-pieces. His valuable

contributions to the subject were rejected by the Society
in 1870, and published in the Qttarterly Journal of

Microscopical Science at that period.

The last three treatises are what give the book its

strange and almost incomprehensible character. There

can be no doubt that Prof. Bell would have written an

excellent original treatise on microscopic animals, and

Mr. Bennett an equally valuable one on microscopic

plants ;
but they have not been asked to do this. They

and others, and the editor himself, have contributed

fragments which are mixed up with fragments of the

original Carpenter in inextricable confusion.

The "Author," with his capital A, appears as of old,

but he will now receive credit for opinions he never held,

and would probably have rejected. The present editor

is, however, careful to take responsibility himself for a

very remarkable statement^namely, that the saprophytic

MonadinEE (such as Monas Dallin<:[eri of Sav. Kent

and others)

"
possess features that ally them to the vegetable series,

and indicate affinities with certain Nostocaceae and the

Bacteria ; while a leaning to the Mycelozoa [already
classed by our editor among Fungi !]

and the chloro-

phyllaceous Alga?, and even some forms of Fungi, is quite

apparent to the careful student."

It is somewhat startling at the present day to come

across conceptions of this kind—groups
"
leaning" this

way and that, with remote affinities to half-a-dozen in-

compatible ancestries. One would like to know in

plain English whether Dr. Dallinger considers that the

Monadinae have descended from Nostocaceae, or from

Mycetozoa, or from green Algae, or any of the latter from

any of the former, or all from a common ancestor ; and .

what grounds he has for his view as to their genealogy.

P
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Many of the old topics enlarged upon by Carpenter are

treated with increased amplitude in the present edition.

Excellent plates (some of them coloured) illustrate the

Desmids, the Diatoms (the old C7'ux of the sculpturing of

the valves is more than ever to the fore), the Monads, the

Rotifers, and the Foraminifera. Three coloured plates

of the structure of Acari are introduced
; they are very

interesting, but surely out of proportion in a work on the

microscope where no adequate illustrations of the Ciliate

Infusoria are given, and where the account of the pheno-
mena of conjugation in that class is far from being up
to date both as to statement and illustration.

I do not wish to speak unkindly of an old friend, even

when rigged out in such a strangely variegated new set of

clothes as are those furnished to " The Microscope
"
in

its seventh edition. There is a great deal of very in-

teresting matter ; there are numbers of excellent woodcuts

and plates in the book, some old and a great many new—
one thousand in all. The defect of all the earlier

editions remains in the present
—namely, that whilst you

may find several pages, plates, and figures about one

subject connected with microscopy, you will find only
three lines or nothing at all about another. So long as

Dr. Carpenter wrote successive additions to the book,
one understood why some subjects should be treated

fully and others passed over, and at any rate one knew
who was responsible for any statement or omission.

Now the book has (so far as its second half is concerned)
lost its authoritative character, and is more than ever a

patchwork of paragraphs on arbitrarily selected subjects,

the responsibility for which is divided in some mysterious

way between the editor (who, of course, does not claim

to be another Carpenter), and certain Fellows of the

Royal Microscopical Society.
I should wish, on the other hand, to express the

opinion that the first half of the book (which alone really

deals with the microscope and the art of microscopy,
and is not by Dr. Carpenter, but entirely new—by Dr.

Dallinger) is a work of high scientific value—by far the

best on the subject
—and one which every worker with

the microscope should thoroughly study and take to

heart. E. Ray Lankester.

ELEMENTARY THERMODYNAMICS.

Elementary Thermodynamics. By J, Parker, M.A.

(Cambridge : University Press, 1891.)

IN
a six-lined note, which does duty as preface, the

author of "
Elementary Thermodynamics

"
tells the

beginner what to omit. From a beginner's stand-point
the book must therefore be judged. A first glance will

probably startle the reader into exclaiming. What can

Kepler's laws have to do with Carnot's principle ? For-

tunately, however, the sections containing Kepler's laws,
and much other apparently irrelevant matter, are those

the beginner is advised not to read. With the mere
remark that all this is preliminary to an elementary

exposition of Darwin's calculations in tidal friction, it

will best serve all purposes to confine the attention

strictly to things thermodynamic. The most important

chapters, alike from the teacher's and pupil's points of
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view, are the first and third, dealing with the foundations

of the science.

The first chapter is headed " The Conservation of

Energy." It develops in mathematical form the general
differential equation of energy, but is lamentably feeble

in the physical or experimental side. True, there is a

brief discussion of some of Joule's experiments ; but we
venture to think it would require a greater than Joule to

find that a calorie was equivalent to 4i,539,759'8 ergs !

A little further on, the latent heat of ice under a pres-
sure of one atmosphere is given as 79*25 calories, or

3,292,025,964 ergs ! ! Surely it
" was the most unkindest

cut of all
" thus to spurn the 0T5. The truth taught

here is, that ten-place logarithms do bare justice to
" Parkerian " reductions.

A novelty of treatment is the division of forces into

contact-forces and ether-forces. To Prof. Lodge is as-

cribed the doubtful honour of having suggested this

treatment. Contact-forces, we are told, exist between

particles in contact
;

while "
the principal ether-forces

in Nature which do work, in addition" to gravitation and
radiation forces, are those which give rise to chemical,

physical, electric, and magnetic actions." It is not easy
to see the exact meaning of the word "

physical
"

in this

definition. If it includes elasticity, cohesion, adhesion,
and capillarity, why should pressure, impact, and fric-

tional effects be excluded 1 Is there, indeed, any evidence

of the existence of contact-forces (in Mr. Parker's sense)
httviten particles ? To our gross senses, visible masses
seem to get into contact with each other

; but, when once

we introduce an ether as the vera causa of all actions

between bodies not in apparent contact, we are compelled
to regard this ether as an ocean in which matter is an

archipelago of particles or a swarm of maelstroms. How,
then, can "contact-forces" exist at all, since ether must
intervene between particle and particle.'' In anv case an

elementary text-book is hardly the place to mtroduce
crude ethereal speculations.

Chapter iii. is devoted to
" Carnot's Principle," and

these two most significant words form head-lines to 136

pages of a book that just tops the 400. This is good.

Nevertheless, the "
principle

"
itself, so far as we can

discover, is never once explicitly stated. The chapter

opens with a brief historic sketch, in which we are told

that Clapeyron brought Carnot's work "
prominently

"

forward in 1834. Yet it was not till fourteen or fifteen

years later that Thomson discovered to the scientific

world the greatness of Carnot, and clearly pointed out

the necessity for modifying Carnot's reasoning so as to

bring it into accord with the true theory of heat. From
Thomson's second paper (1849) Clausius dates his in-

spiration. Of all this Mr. Parker says nothing, nor does

he seem to be aware that Thomson, two years before

Clausius and Rankine published anything, pointed out

how Carnot's principle led to the conception of an abso-

lute scale of temperature. Moreover, there can be no

question that Thomson first gave an unexceptionable
enunciation of the " axiom "

underlying Carnot's prin-

ciple. Such particulars are probably of no interest to an

author who defines
"
the very important axiom . . .

substantially due to Carnot" in language which may be

thus paraphrased : No mechanical work can be gained
from a cycle of operations imposed upon a system in
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thermal communication with two bodies only which are

at the same temperature. As a basis for the second law,

is not this like Samson shorn of his locks ?

But in the really important demonstrations Mr. Parker

uses, as a logical equivalent of this, an axiom which again
is nowhere given explicitly, but may be thus enunciated :

During a complete cycle, in which the working substance

is in thermal communication with two bodies each at a

constant and uniform temperature, it is impossible for a

positive quantity of heat to be absorbed from the one and
no heat whatever to be exchanged with the other body.
The general truth of this

" axiom "
will be admitted

rather because it agrees with Carnot's principle than

because of any inherent merit it may itself possess. An
axiom must appeal to experience at bottom

;
and if one

had striven to evolve the said axiom in the most unaxiom-

atic guise attainable, one could hardly have succeeded

better. Sad, indeed, his lot whose introduction to Carnot's

principle is through such tortuous paths !

But the impression gathered from a careful considera-

tion of Section 49 is that the second implied form must
be regarded as simply another statement of the first im-

plied form of "
Carnot's axiom." Take, for example, the

following argument :
—

" The quantities of heat absorbed by the system from
the two bodies A, B [each at a constant and uniform

temperature] during any complete cycle cannot both be

positive. For we could then, by expending work in fric-

tion, cause the system to undergo a cycle of operations
in which a positive quantity of heat was absorbed from
one of the bodies A, B, and no heat at all received from
or parted with to the other. In other words, we should
be able to take heat from a body whose temperature was
uniform and constant, and transform it into work without
the presence of any other body of dififerent temperature,
contrary to Carnot's axiom."

Little good would be served by criticizing these state-

ments at length, which seem to contain at least as many
assumptions as sentences. It would be interesting to

know what becomes of the work spent in friction, so

arbitrarily introduced, and so cunningly disregarded.
After all, however, although the second implied form of
" Carnot's axiom "

may be generally true, it certainly is

not so in the particular case in which the one body
is at absolute zero. This is quite as conceivable a

contingency as the realization of the assumed thermal

conditions of the bodies A and B. •

After having, by a perfect volley of i-edtictiones ad

absiirdum, reduced all reversible cycles, working between

the same temperatures, to the same efficiency, Mr. Parker

introduces Thomson's absolute scale of temperature in

the usual form ^- =
„''. Then should come (since it has

qi. 61,
^

not come earlier) the proof that the reversible cycle has

more efficiency than any other conceivable cycle. But all

we find is this sentence :

—
"

It will be easily seen that, if the irreversible cycle be

non-frictional, Qnlqi, will be equal to 6„\Qb, and that in all

other cases it will be less."

"
It will be easily seen" is easily said, and throws the

burden of the proof upon the intelligence of the learner—
the proof of what is the kernel of the whole of thermo-

dynamics. And this is teaching !
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We are firmly convinced that after reading this third

chapter the average student will, have the haziest ideas

of what reversibility means, will be utterly at a loss to know
what Carnot's principle really is, and will look upon the
"
conception of entropy

'' as a phrase to conjure by. It

is with decided feelings of relief that we pass on to

chapter iv.,
"
Applications of Carnot's Principle." It

may be well to remark here that chapter ii.,
" On

Perfect Gases," discusses the simpler thermodynamic
properties of the ideal gas obeying Boyle's and Charles's

laws. The experimental truth established by Joule, that

the heat absorbed by such a gas is equal to the work
done by it during the expansion, is made the basis of the

whole inquiry. In both these chapters the ground covered

is familiar. For example, Thomson and Joule's experi-
mental determination of the absolute zero of temperature
is given with commendable fullness. Critical points,
latent heats of saturated vapour, and certain aspects of

solution and capillarity are all treated in due order, and
with sufficient fullness of numerical detail to make them

thoroughly intelligible. In the fifth and sixth chapters,

again, we are introduced to the thermodynamic potential.

We are not aware that the general energy methods of

Massieu and Helmholtz have ever before been presented
in connected form to English readers. This Mr. Parker
has done, and has deservedly earned our tribute of praise.

Anyone who is familiar only with the earlier methods by
which the founders of the modern theory grappled with

the subject, will find these two last chapters, and especially

chapter vi., particularly interesting.

The author is not, however, to our mind so happy in

his account of Gibbs's thermodynamic surface as, from the

tenor of his introductory remarks, we had expected him to

be. After animadverting upon
"
the very brief notice in

Maxwell's 'Theory of Heat'" of "this beautiful geometrical
construction . . . which does not seem to have obtained

the attention it appears to deserve," Mr. Parker proceeds

presumably to give it this attention. But what do we
find 1 Five pages of not very lucid description as against
Maxwell's eleven and a half. Perhaps, however, this is

of small consequence ; for, beautiful though it be as a bit

of geometry, the thermodynamic surface, even in concrete

form, is of doubtful efficiency in the presentation of

thermodynamic truth.

Mr. Parker's book possesses not a few merits, but is

marred as an educational work by many faults, chief

among which is the tangled presentation of the second

law. It is hard, indeed, to get up much enthusiasm for

an author who speaks of the speed at which a body cools,

who casts a slur upon British meteorology by declaring
that the Centigrade is

"
the only thermometer now used

for scientific purposes," and who gives no less than three

distinct and irreconcilable estimates of the sun's radiation

in as many consecutive pages. The loosely expressed
but familiar axiom that "heat cannot flow of itself up a

temperature grade is referred to as an important co7ise-

qiience of Thomson's definition of absolute temperature ;

and of the Maxwell "
Demon," and all that therein is,

there is not even the suggestion of a hint.

The book ends with an appendix of physical constants

compiled from various sources. Otherwise, its usefulness

is sadly diminished by lack of an index or even table of

contents. C. G. K.
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THE CENTURY DICTIONARY.

The Century Dictionary : an Encydopcedic Lexicon of
the English La?igtcage. Prepared under the super-

intendence of William Dwight Whitney, Ph.D., LL.D.

In Six Vols. (New York: The Century Co. London:

T. Fisher-Unwin.)

THE preparation of an English dictionary on the

scale of the present work is a task of enormous

difficulty, and Prof. Whitney may be cordially con-

gratulated on the success with which, in association with

numerous collaborators, he has accomplished it. In the

course of his labours he kept before himself three objects :

the construction of a dictionary which might be consulted

with advantage for every literary and practical use ;
a

collection of the technical terms of the various sciences,

arts, trades, and professions, more nearly complete than

any that had ever before been attempted ;
and the pre-

sentation, along with the definitions proper, of such

encyclopaedic matter,'with pictorial illustrations, as should

render the work a convenient book of general reference.

One result of this far-reaching plan is that the number

of words included is very much larger than the vocabu-

lary of any preceding dictionary, about 200,000 words

•having been defined. It is impossible, even in such a

dictionary as this, to give every word or form of a word

that may at some time have been used by an English

writer or speaker ; but the editor, as a rule, has very pro-

perly preferred to err on the side of " broad inclusiveness
"

rather than on that of " narrow exclusiveness." He has

sought to make the work " a practically complete record

of the main body of English speech, from the time of the

mingling of the Old French and Anglo-Saxon to the

present day, with such of its offshoots as possess histo-

rical, etymological, literary, scientific, or practical value."

A good deal of space has therefore necessarily been

given to obsolete words and forms, the inclusion of which

will have the warmest approval of all who desire to

promote the study, on scientific principles, of the evolu-

-tion of the English language. An unusual number of
" dialectal

" and provincial words have also been

admitted, and, as was to be expected in the case of a work

compiled in the United States, much attention has been

given to
"
Americanisms," some of which are merely

survivals of older or provincial English, while others have

been generally adopted on this side of the Atlantic.

Another cause of increase has been the admission of an

immense number of words which have come into

-existence during the present century through the progress

of knowledge and labour, scientific, artistic, professional,

-mechanical, and practical. Liberal as the editor has

been in this direction, no one who uses the dictionary

is likely to think that his liberality has been excessive.

It is scarcely necessary to say that the utmost care has

been taken with the etymological part of the work. In

explaining what has been done in this department, the

editor does not express himself happily when he speaks

of "the making of the EngHsh language" as having

begun
" with the introduction of Roman rule and Roman

speech among the barbarous Celts of Britain." If there

is any intelligible sense in which we can talk of the

English language as having
"
begun," we must surely

trace its beginning to the formation of the Low Dutch
|

NO. I 162, VOL. 45]

dialect or dialects from which the most vitally essential

elements of our present speech are directly descended.

The fact, however, which Prof. Whitney desires to

emphasize is that the vocabulary of our language has

sprung from various sources, and that for a proper under-

standing of its characteristic qualities the study of its

etymology is on this account of extreme importance. The
current accepted form or spelling having been presented,

each important word is traced back through earlier forms

to its remotest known origin. In revising the proofs of

those portions of the work which deal with A and part

of B, the authors had the great advantage of being able

to consult Dr. J. A. H. Murray's masterly
" New English

Dictionary on Historical Principles "; and they also

express acknowledgments to other writers. The work

however, gives ample evidence of independent research
;

and Prof. Whitney claims that
"

it has been possible, by
means of the fresh material at the disposal of the

etymologist, to clear up in many cases doubts or diffi-

culties hitherto resting upon the history of particular

words, to decide definitely in favour of one of several

suggested etymologies, to discard numerous current

errors, and to give for the first time the history of many
words of which the etymologies were previously unknown
or erroneously stated."

With regard to orthography, we may note that in

cases in which English usage and American usage are

not identical (as in words like
"
labour,"

"
traveller,"

" theatre ") both forms are given ;
a plan with which

neither Americans nor Englishmen can reasonably find

fault. In the definition of words, the object has been to

separate more or less sharply those senses of each word

which are really distinct, while over-refinement of

analysis has been avoided. As far as possible, the

definitions have been arranged historically; and they are

illustrated by a very large collection of extracts represent-

ing all branches and periods of English literature. Here
we are interested mainly in the definitions of scientific

terms
; and, speaking of these generally, we can say that

they are remarkable both for accuracy and for concise-

ness. Some slips were, of course, inevitable.
" Achro-

nical
"
(given as

"
acronychal ") is thus defined :

—" In

astron., occurring at sunset : as, the acronychal rising or

setting of a star: opposed to cosnncal" This is very

misleading, the real meaning being, as we recently had

occasion to explain, that in achronical rising and setting
" we have the star rising when the sun is setting, and

setting when the sun is rising." But, upon the whole, it

is most creditable that work over so vast a field, and

presenting so many difficulties, has been so efficiently

done. On this account alone, even if the dictionary had

nothing else to recommend it, it would be of great service

both to men of science and to the public.

In the encyclopaedic portion of the work, the
"
Century

Dictionary
"
cannot, of course, be compared with any of

the great Encyclopaedias. Still, skilful management has

enabled the editor to bring together an immense amount

of information which will often suffice for the purposes for

which it is sure to be looked up. The only important
drawback to the plan on which this information has been

arranged is that it involves too many cross-references.

The illustrations are very numerous, and it is worth

noting that old cuts have been used only when better
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ones could not be made. Some are excellent, and most
of the others are quite up to the level which ought to be

maintained in so important an undertaking. Of the

typographical style, it may be enough for us to say that

the publishers have succeeded in giving what they desired

to produce—a page in which the matter is at once con-

densed and legible.

Altogether, the work deserves to be warmly welcomed
in England. Those who possess it will have within reach

the best results that have hitherto been attained as to the

meaning, the evolution, and the affinities of all classes of

English words.

OUR BOOK SHELF.
List of the Snakes in the Indian Museum. By W. L.

Sclater.

This list contains the names of 350 species of snakes

represented in the collection of the Indian Museum, Cal-

cutta. Of the 350 a large majority, 210, are from the

Indian Empire (inclusive of Burma and Ceylon), leaving
68 forms that are known to inhabit parts of British India

unrepresented in the collection. When it is remembered
how rare and local many snakes are, how many species
are known by a single specimen, and how seldom oppor-
tunities of collecting occur in such tracts as the remoter
hills of Southern India, the Assam ranges, the forests of

Tenasserim, &c., which abound in peculiar forms, those

who have had charge of the Indian Museum may be con-

gratulated on having succeeded in bringing together

representatives of so large a proportion of the Indian

Ophidian fauna. The number of species represented in

the Museum of the Asiatic Society, the nucleus of the

Indian Museum, Calcutta, when the reptiles were cata-

logued by ^Ir. W. Theobald in 1865, was about 120, so

that there has been an increase of 75 per cent, in 26

years. Altogether, as regards Indian snakes, the Cal-

cutta collection is probably only inferior to that in the

British Museum.
The publication of the present list has naturally been

greatly facilitated, if indeed it may not be said to have
been caused, by the appearance, in 1890, of Mr. Bou-

lenger's work on Indian Reptilia and Batrachia, to which,
in his introduction, Mr. Sclater fully acknowledges his

obhgation. A few species have been added by Mr.
Sclater to those described by Mr. Boulenger as inhabitants

of British India.

This is probably the last contribution to Indian geo-

logical literature that may be expected for the present
from its author, who has, according to an announcement
in NATUREfor January 21, received an appointment at Eton

College. During his brief tenure of the Deputy Super-

intendentship, Mr. Sclater has done some useful work for

the Indian Museum, especially in completing the cata-

logue of Mammalia commenced by Dr. J. Anderson.
W. T. B.

77ie Living World: Whence it Came and Whither it is

Drifting. By H. W. Conn. (New York and London :

G. P. Putnam's Sons, 1891.)

Ix this book Prof. Conn undertakes to present a review

of the speculations concerning the origin and significance
of life, and of the facts known in regard to its develop-

ment, with suggestions as to the direction in which the

development is now tending. The subject is certainly

large enough, but the author has prepared himself for

dealing with it by careful study of the highest authorities

in biological science, and he succeeds in giving a clear,

impartial, and interesting account of the main lines of

inquiry connected with the theory of evolution. He

begins with a general chapter on the sources of
" bio-
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logical history," indicating the meaning of evidence from

fossils, from embryology and anatomy, and from other

departments of research. He then expounds the various

ideas which have been suggested as to the origin of life,

bringing into prominence two propositions which may be

distinguished from mere hypotheses. These are (i) that

life arose in the ocean, and (2) that the first form of life

was the simplest possible condition of living matter, cer-

tainly simpler than any living organisms with which we
are acquainted to-day, and very likely simpler than the

simplest mass of diffused protoplasm. Next comes a

summary of the leading facts and speculations about the

origin of the animal kingdom ; and this is followed by a

chapter setting forth " the record from fossils." The work
is completed by a general view of the course of animal

evolution, a sketch of the history of plants, and a dis-

cussion of various questions relating to the probable
future of the living world. A list of references is added,
which will be of considerable service to readers who may
desire to study more minutely the philosophy of evolu-

tion.

Adventures amidst the Equatorial Forests and Rivers

of South America; also in the West Itidies and the

Wilds of Florida. To which is added "Jamaica
Revisited." By Villiers Stuart, of Dromana. With

many illustrations and maps. (London : John
Murray, 1891.)

A GREAT part of this book relates to travels which took

place more than thirty years ago. The work is not,

however, less interesting on that account, for the im-

pressions recorded in it are reproduced from letters and

journals written at the time and on the spot. The author

writes without pretension, and has much that is attractive

to say about Surinam, Cayenne, Demerara, the Orinoco,

Trinidad, Martinique, and Florida. In the chapters on

Jamaica he combines the impressions obtained during
his first visit with those made upon him in 1891, when
he was present at the opening of the Jamaica Exhibition.

Mr. Stuart writes of this island with the strongest en-

thusiasm.
"

It is impossible," he says,
"
to exaggerate

its loveliness. The most skilful writers must despair of

conveying any adequate idea of its fairy-like charms."

He gives an excellent account of the progress made by
the people of Jamaica in the interval between his two
visits. On all sides he was struck in 1891 by evidences

of industry and improvement ; and of the coloured

population he asserts that they seemed to him the

merriest and happiest peasantry he had met with in any
part of the world.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of YiKXV'S.v,.

No notice is taken of anonymous communications.']

Cirques.

From two or three of the criticisms of the views in my volume

on " The Ice Age in America," concerning cirques,! concluded

that there was some misunderstanding as to the thing signified

by the word, and accordingly wrote to Mr. Russell, of our

Survey, whose views I had adopted, and who has had wider

acquaintance with the facts concerning them than anyone else

in America. I stnd you his reply, which you are at liberty to

publish if you wish. I am sure all mterested in glacial matters

will value a communication from so eminent an authority, and

will find that much light is shed upon the subject by his recent

explorations in the Mount St. Elias district of Alaska.

G. Frederick Wright,

Oberlin, Ohio, U.S.A., December 16, 1S91,
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Department of the Interior, United States Geological Survey,

IVashinglon, D.C., December 12, 1891.

Prof. G. Frederick Wright, Oberlin, Ohio.

My dear Sir,—Your letter, calling attention to Mr. Bonney's
remarks on the nature of cirques in a review of your "Ice

Age in North America" (Nature, vol. xliv. p. 537), led me to

think that possibly all who have written on their character and

origin were not considering the same phenomena. This

suggestion was strengthened on referring once more to several

of the essays which have appeared on the subject. In Bonney's

paper on the formation of cirques (Quart. Journ. Geol. Soc,
London, vol. xxvii., 1871, pp. 312-324), three conditions are

mentioned, which are stated to be most favourable to their

production ;
these are :

—
"

(i) Upland glens, combes, or terraces, so shaped as to give
rise to and to maintain many small streams.
"

(2) Strata, moderately horizontal, over which these streams

fall, which, by their constitution, yield considerably to the other

forms of meteoric denudation."
"

(3) These strata must nevertheless allow of the formation of

cliffs ; and thus perhaps the most favourable structure is thick

beds of limestone, with occasional alternating bands of softer

rock."
In the High Sierra of California—where the cirques are

situated, mv description of which you quote, and which called

forth Mr. Bonney's criticism in Nature—none of the condi-

tions mentioned above, except that the rocks are sufficiently
durable to s'and in cliffs, have perceptibly influenced the forma-

tion of the topographic features under consideration.

The cirques are not situated "in upland glens, combes, or

terraces, so shaped as to give rise to and maintain many small

streams," but are in the very crests of the mountains, and
receive practically no drainage from above. They are not in

horizontal strata, but in various locks some of which are highly
inclined. The most typical examples occur in granite, which
is broken by well-defined vertical joints.
The rocks are sufficiently hard to allow of the formation of

cliffs, but this property is requisite for the production of other
similar topographic forms, and not an exception peculiar to

those in which cirques occur.

Not only the cirques of the Sierra Nevada, but hundreds of

others in the basin ranges of Nevada and Utah, in the Rocky
Mountains, and in the mountains of Southern Alaska, have been
formed under conditions which are the reverse of those stated

by Mr. Bonney.
Another cla-s of topographical forms resembling cirques are

well known ; these are the "alcoves" formed in the edges of

mesas and table-lands where the rocks are essentially horizontal

and usually heterogeneous. They are common in the Catskill

Mountains, and all along the borders of the plateau on the west
of the Appalachians from New York to Alabama. They occur
in the great plateau regions of New Mexico and Arizona, and
are common in the canon walls along the Green and the
Colorado Rivers, where they were studied by Powell. Modified

examples occur in the sediments of Lake Lahontan, and in the
bad lands of Dakota, but in these instances the strata are mostly
too soft to stand in vertical walls. I have seen good examples
at Table Mountain, Cape of Good Hope, and it is safe to say
they will be found wherever nearly horizontal rocks, sufficiently
durable to form cliffs, have been canoned or eroded into mesas.
The mode of formation of alcoves is too well known to

require detailed description. They are formed by the action of
streams cutting niches in precipices, which are enlarged by the
dashes of spray from water-falls, by solution, and by the grind-
ing oi debris in the pools into which waters cascade. Alcoves
are most abundant in comparatively low regions, for the reason
that when strata are greatly elevated, they usually become in-

clined or folded ; but there is no reason why they should not be
found at any altitude, provided the rock conditions favour their

formation.

It seems to me that alcoves, and not cirques, were formed
under the conditions postulated by Mr. Bonney, and that the
two are genetically distinct.

Since writing the account of the cirques of the High Sierra,

quoted by you in "The Ice Age in North America," I have visited

the Southern Appalachians and the high mountains of Southern
Alaska, always having the various problems of mountain sculp-
ture in mind. The Southern Appalachians are without evidence
of former glaciation, while the mountains of Southern Alaska
are now undergoing intense glaciation. In the former, cirques
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are absent, but in the latter they are abundant, especially on the

northern sides of the crests of the mountains, and are the sources

from which numerous glaciers flow.

The initiation of rain and rill sculpture is well illustrated on
the sides of many of the valleys of Southern Alaska ; and, as

you are well aw are, there are many valleys in that region which
were formerly filled with glaciers to a depth of 2000 feet or

more, but from which the ice has now disappeared. All the

minor features due to aqueous erosion on ihe sides of the

valleys, previous to their occupation by glaciers, were removed by
the ice. The surfaces were cleared of their old records as the

sculpture on ancient monuments was sometimes removed to

make room for a new bas-relief. When the ice melted, it left

the steep slopes without vertical lines, but more or less deeply
scored in horizontal bands. Through analogy with the pene-

planes described by Davis, we might call the.se "pene-slopes.
"

.

The rain falling on these slopes initiated new lines crossing the

glacial grooves at high angles, and forming miniature caiions,

which receive numerous branches in their upper courses. Many
times, several small stream channels coming together have cut

radiating channels separated by buttresses, while below, the

stream plunges over cascades or runs through deeply-cut gorges.
This miniature sculpture is characteristic of immature drainage
on inclined surfaces. The combined excavations made by several

tributaries near the heads of these new drainage channels have a

somewhat basin-like form, but the interiors of the basins are rough,
and divided by ridges, and their walls, although steep, do not ap-

proach the vertical. These topographic forms in miniature are

clearly the work of rain and rills, and have no complicating
conditions, except the nature of the strata in which they are

cut, and in the best examples this is homogeneous.
Let us renew our studies in the Southern Appalachians,

where, as already stated, no evidence of former glaciation has

been detected. About many of the higher summits in that

region there are large conical depressions, on the sides of

which are many rill channels that converge towards a common
outlet. These depressions are many times strikingly crater-

like in form, but their sides are sloping, and usually deeply
covered with dibris, but in no instance are they vertical cliffs.

So far as can be judged, these depressions are not dependent on
rock structure, and are certainly not confined to horizontally
bedded rocks, but in the best examples have been excavated in

strata that are highly inclined. They occur near the summits
of mountains and on the sides of precipitous ridges, and receive

little if any drainage from above. They belong genetically to

the same class as the miniature excavations on the pene-slopes
of Alaska, but are of far greater size ; and owing to the dis-

integration and decay of the rocks, and probably, also, to their

fuller development, are much more uniform in contour.

The depressions about the summits of the Southern Appa-
lachians are not cirques, but in my opinion, are of the nature of

ihe prototypes of cirques. The general outline of the model has

been secured ; but for the final sculpturing, in order to form

typical cirques, another tool is required. That tool is ice.

Should a climatic change occur which would admit of the

accumulation of perennial snow about the summits of the

Appalachians, the depressions referred to would be the first

to be filled, and would give origin to ice streams of the Alpine

type. The neve snow accumulating in these depressions would
become compacted at the bottom and form glacial ice. As the

ice flowed outward, it would remove the debris encumbering the

sides of the basins and attack the rocks beneath, probably in

some such manner as described by Lorange, and quoted by you
on pp. 244-45 of " The Ice Age in North America."

I do not feel that we can completely analyze the action of

snow and ice in depressions like those in which many glaciers

originate, but there are certain considerations which may be

suggested in this connection.

It is well known that ice may be moulded by pressure and
made to flow like a viscous body, while it yields but very

slightly to tension. When an attempt is made to stretch it,

fracture results. Crevasses therefore indicate tension in the

glaciers where they occur.

The crevasses near the upper margins of neves, known as

bergschrunds, are really faults, formed by the subsidence of the

n^ve on the lower side of a break. They indicate, as has been

suggested to me by Mr. W. J. McGee, that the nhe where

they occur is in a state of tension, and the tendency is for the

snow to pull away from the cliffs, and thus tear out portions of

the rock to which it adheres. More than this, the crevasses
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frequently cut completely through the wAr and expose the rock

beneath to the action of Irost. In such instances the rocks are

in the best position possible to be acted upon by great changes
of temperature. Dark bodies on high mountains absorb heat

when exposed to the sun, although the air may be below 32° F.;
and melting the adjacent snow, become saturated with water,
which freezes as soon as they are in shadow. The blocks thus

loosened fall away or are removed by the motion of the neve.

The tops of the cliffs, however, are protected by a covering of

snow. There is frequently a space above the top of the neve'va.

summer which is exposed in like manner to the action of the

atmosphere. These slopes recede by sapping through the action

of frost, and precipices result. While the upper portions of the

walls of depressions filled with wA'/snow are being broken away
by the tensions in the neve, and by atmospheric action, the

snow on the lower slopes is under compression, and thus

rendered capable of abrading the rocks over which it flows.

The ice, in descending the steep slopes from various sides,

impinges with great force on the bottoms of the depressions it

occupies, and tends to scoop out rock basins. The result of

these combined agencies is seen when the nevS'is removed, and
we find amphitheatres with precipitous walls rising immediately
above a rock basin lake. In other words, the resulting form is

a cirque like those of the High Sierra.

So far as my observations extend, cirques are confined to

mountains on which ice sculpture followed water sculpture.
The topographic forms left after the disappearance of the ice

are modifications of the antecedent forms due to the action of

lain and streams.

In the vicinity of Mount St. Elias, Alaska, the mountain

ranges are primarily monoclinal uplifts of geologically recent

date, and do not bear evidence of having been deeply dissected

by streams previous to the birth of the present glaciers. The
ice drainage is largely consequent on the present orographic

structure, and cirques are usually absent. One remarkable ex-

ception to this is furnished, however, by a fine cirque on the

southern side of St. Elias, which is filled by nh'e snows and
drained by a small glacier. Thousands of secondary and ter-

tiary glaciers exist on the southern slopes of the mountains, but

certainly very few, and so far as my knowledge goes none, of

these have their origin in true cirques. On the north side of the

mountains, however, which are in general the gently sloping
surfaces of orog'.iphic blocks, topographic forms inherited from

former aqueous erosion are conspicuous, and cirques are

abundant.
Glaciers exist about the summit of Mount Shasta, Mount

Ranier, Mount Baker, and other high volcanic peaks in the

Cascade Mountains, but none of these, so far as known, originate
in cirques. These mountains, like the uplifts about Mount St.

Elias, are geologically young. They are volcanoes with fuma-

roles in their craters ; and owing to their elevation, and the com-

paratively slight erosion they have suffered, it is reasonable to

suppose that the first precipitation on their summits was in the

form of snow. Glaciers were formed on unmodified slopes, but

have not excavated cirques for themselves. The glaciers on these

mountains, like many of the smaller ice streams in Alaska,
occur on exposed slopes and not in depressions. The accumula-

tions of snow and ice form prominent convex surfaces and fre-

quently giye a characteristic outline to the summits which they
cover.

The probable origin of cirques which I have traced, together
with the fact that they occur in thousands about the summits of

mountains on which the glaciers followed water sculpture,

together with their absence on unglaciated mountains like the

Southern Appalachians, and also the fact that glaciers in them-

selves do not seem to have the power of excavating similar

depressions, is seemingly cumulative evidence pointing to the

conclusion stated above.

Cirques, alcoves, and possibly other forms, when considered

dimply as topographic features, may perhaps be classed together ;

yet, genetically, alcoves and cirques are distinct, the former

fiwing their existence to aqueous sculpture, usually in horizontal

rocks, and the latter to aqueous sculpture followed by ice sculp-

ture, in rocks which may be heterogeneous or homogeneous,
horizontal or inclined.

The generalization that ^'cirques are confined to glaciated

regions," to which Mr. Bonney takes exception, was reached

from considering the distribution of typical examples, previous
to the differentiation of cirques from other similar topographic
forms. When they are recognized as distinct from alcoves, and

necessarily in part of glacial origin, the reason for their distribu-

tion becomes evident, as does also the further generalization
that they

"
occupy localities where glaciers first appear."

In the Rocky Mountains the peaks and ridges on which

cirques occur have an elevation of from 10,000 to 14,000 feet.

The same is true also in the Sierra Nevada. In each of these

regions the ancient 7ieve fields had generally about the same
elevation, while the glaciers flowing from them descend to

within 6000 or 5000 feet above sea-level. In Alaska, however,
where the former glaciers descended into the ocean, cirques
occur on peaks and ridges only 3000 or 4000 feet high, and

examples may be found at elevations of less than 2000 feet.

Their vertical, as well as their geographic range, therefore,

appears to have been regulated by the climatic conditions which
control the birth of local glaciers.

While "alcove" and ''

cirque" should have a definite sig
nificance in geology, amphitheatre, recess, bowl, and other

correlative words, may be considered as general terms applicable
to more or less inclosed spaces without reference to their origin.
The semicircular recesses made by winding streams in the

sides of cailons and deep valleys, sometimes resemble alcoves.

Craters frequently bear a close topographic similarity to cirques,
but are readily distinguished when their origin is considered.

On looking over my account of the cirques of the High
Sierra (Eighth Annual Report, 1886-87, U.S. Geological

Survey), I fail to discern any reason for materially changing
it, except, as indicated above, to slate more definitely the difi'er-

ences between cirques and other topographic forms with which

they might be confounded.
I remain very sincerely your friend,

Israel C. Russell.

Large Meteor of January 24, 1892.

It is to be hoped that further observations will be forth-

coming of the brilliant meteor of January 24, loh. SS'^^- (d^"
scribed by Mr. T. Heath in your last number, p. 295), so that

its real path may be computed. I think there is little doubt
the meteor belonged to a shower of Draconids having a radiant-

point a few degrees south-east of the star C- On the same night

(January 24) as that on which the fine meteor was observed, I

saw a third magnitude shooting-star, at "jh. 55m., with a path
from 324° -f 40° to 330^° + 3if°, and this also belonged to the

radiant in Draco. I discovered this shower on the nights of

January 19 and 25, 1887, and determined the position of the

radiant as at 261° -f 63°. There are many other showers from

the same point in the spring, summer, and autumn months.

Bristol, January 31. W. F. Denning.

On the Relation of Natural Science to Art.

In Dr. du Bois-Reymond's interesting lecture, as published

recently in Nature, there occurs the following passage (p. 226) :

"Flaxman" was "certainly mistaken in representing Poly-

phemus with three eyes
—two normal ones which are blind,

and a third in the forehead." Does not the recent discovery of

a third (parietal) eye in some of the lizard and fish tribes (not to

mention the tunicates !) diminish the force of this assertion ?

Flaxman's genius appears rather to have forestalled the dis-

coveries of science in representing the human monster with three

eyes, especially as Wiedersheim states that even in man nerve-

fibrc'^ have been traced from the optic thalami to the pineal

gland. W. AiNSLiE HoLLls.

Brighton, January 11.

Ice Crystals.

The following account of some very well defined ice crystals

may be of interest.

On December 26, 1891, the thaw set in. On the 27th, I

noticed on the surface of the ice on the lake at Drinkwater

Park, near Prestwich, on the outskirts of Manchester, a large
number of very distinct, hexagonal, tabular crystals. The
surface of the ice was not very wet. These crystals varied from

half an inch to three inches across, were raised about an eighth
of an inch above the surface of the ice, and in many cases bore

a similar but much smaller crystal in the middle, raised about

an eighth of an inch above the surface of the larger crystal.

In some specimens the smaller crystal was rounded and indis-
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tjnct. When it was absent, dark lines, following the direction

of the lateral axes, were visible in some cases. Frequently an
indistinct striation was present. Gilbert RiGG.

Manchester Museum, Mineralogical Department,
January 12.

A Tortoise inclosed in Ice.

I SHOULD like to be allowed to record a case of a water-tortoise

surviving an incarceration in ice, somewhat similar to that given
in Nature (vol. xliv. p. 520).

In this instance, the tortoise has hibernated in a stone basin,
in which there were about 6 inches of water and a quantity of

dead leaves. The whole was, I believe, frozen into a solid

mass. At any rate, when, on December 29, I examined
a cake of ice and leaves, from 2 to 3 inches thick, which was

floating in the basin after a thaw, I found the tortoise with its

back embedded in the under side of the mass, and with nearly
2 inches of porous-looking ice above it. The animal, though
torpid, was alive, and I replaced it in the basin. Later on it

put its nostrils up to the surface, and two days afterwards was
seen with its head out of the water as usual. It remained in

the pond, which has been again frozen over, in less than a week
after this observation. Frank Finn.

31 Walton Crescent, Oxford, January 22.

Alpine Rubi.

In a footnote in Nature (vol. xlv. p. 10) it is stated that
" The two highest-known species of Rubtis are pinnatiis and

rigidtis, at 5000-6000 feet." This is hardly correct, unless it

is intended to refer to African species only. In South America,
R. megallococctcs, R. boliviensis, R. bo^otensis, and R. roseus

occur at 8000 feet, and R. rusbyi at 10,000. In Colorado I

have found R. strigosus above 10,000 feet (see Bull. Torrey Bot.

Club, 1890, p. 10 ; 1891, p. 169). In the Indian region, R.

ellipticus goes to 7000, R. lasiocarpus to 8000, and R. bijlorus
and R. rosifolius to 10,000 feet.

The name of the wild Zea is Z. canina, Watson (local name," mais de coyote"), not nana, as given in Natjjre, vol. xlv.

p. 39. T. D. A. COCKERELL.
Institute of Jamaica, Kingston, Jamaica,

December 30, 189 1.

UTILIZATION OF HOMING PIGEONS.
"T^HE utilization of the homing instinct of the domes-

j^ ticated varieties of the blue rock pigeon, the
Columba Hvia, for military purposes, has been effected by
most of the Governments in Europe. In France, Ger-

many, Austria, Switzerland, Italy, Spain, and Portugal
the organization has been very complete. It has even
extended to Russia, Denmark, and Sweden ; and Africa
has been brought into communication with Spain by
stations at Ceuta and Mellila. England alone, of all the

great Powers, has neglected this important mode of com-
munication, which is available under circumstances that

preclude the employment of any other means.
It cannot be said that they hav^e not been brought under

the notice of the military and naval authorities. Nearly
twenty years ago, on the occasion of the despatch of a

flight of seventy-two birds from the Crystal Palace to

Brussels, when the first birds arrived before the telegram
which was sent to announce their departure, I wrote a
letter to the Times of June 27, 1873, calling attention
to their utility, and asking the question :

" What would be
the value of the birds, in the event of a war in which we
may be engaged, that would convey messages to or
from Guernsey, Jersey, and other places, when the sub-
marine wires had been cut by the enemy ?

"
;
and in a

lecture delivered by me before the Royal Engineers'
Institute at Chatham, on the use of pigeons for military

purposes, I entered at some length into their mode of

training and general utilization.

The employment of the Columba livia depends upon
several conditions which are not without interest. In

the first place, this species is one of the comparatively
few capable of domestication, a faculty which is totally
distinct from, though frequently confounded with, the

facility of being tamed. A domesticated animal is

attached to its home, and returns to it of its own will
;
a

tame animal is merely familiar with man. These two
states are admirably illustrated in the closely allied

species, the fowl and the pheasant. Both were originally
perfectly wild, but when domesticated the chickens in-

variably return home to roost, while the pheasants,
though descended from numberless generations of birds
bred in confinement, have no attachment whatever to
the place of their birth or rearing.

In its natural habitat (the rocky cliffs of the sea-shore)
the blue rock pigeon has to fly long distances in search
of food, which, when breeding, it stores up in its crop
and carries home to its young. This necessitates strong
powers of flight and well-developed perceptive faculties,
it being guided in its return solely by sight, and not, as
is often supposed, by any special instinct.

The pigeons that are used for carrying messages are
bred solely for that purpose. A process of artificial

selection, as rigorous and remorseless as that of nature,
is followed. The young birds, after acquiring their

power of perfect flight, and learning the contour of the

country in their circuits around their home, are taken in

the direction in which it is desired that they should fly,

and trained stage after stage until they know every

locality over which they have to traverse. This training
is absolutely necessary, if their return home is to be

depended on. During its performance the inferior birds,

those whose intelligence and determination are not well

developed, are lost ; and the best birds, only, retained.

This loss, in the long-distance flights which are flown by
the Belgians and by the best homing pigeon societies in

England, is very severe. Old birds, that know large
tracts of country well, may be taken in new directions,

provided they are not too extended, with safety, but

young birds that have not been trained would almost

certainly be lost if carried many miles from their home.

Every homing pigeon flyer recognizes the hereditary
character Of this acquired faculty, and will give a veiy

high price for birds descended from parents that have
flown long distances, whereas he would not purchase
another bird of precisely similar appearance were he not

acquainted with the performances of its ancestors. The

fancy varieties of pigeons, especially those which are

called carriers in England, are perfectly useless for the

purpose of flying distances.

The birds that are most valued are almost all descended
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from the homing pigeons, les pigeons voyageicrs. of

Belgium, in which country the sport of pigeon racing
has been carried on for many years, and has attained

its highest development. Pigeon races, in which thou-

sands of birds are engaged, take place annually from
the south of France, a distance of five hundred miles, to

Brussels and the neighbouring parts of Belgium. The
fcirds are characterized by a well-developed brain, hard,

With a strong adverse wind their progress is necessarily
slow compared with what it is when the wind is in

their favour, but the rate of the winners may be taken
from eight hundred to thirteen or fourteen hundred

yards per minute. In favourable weather the races from
the south of France to. Brussels are usually accomplished
by the winners in one day, the pigeons never flying after

eight o'clock in the evening, the birds being hberated at

Fig. 2.'—Chart showing the System of Military Pigeon Posts in t he Continental Kingdoms.

France: i, Mont Valerien ; 2, Paris; 3, Vincennes ; 4, Lille; 5, Douai; 6, Valenciennes; 7, Maubeuge ; 8, Mrfzieres ; 9, Verdun; 10, Toul;
II, Langres ; 12, Belfort ; 13, Besan<;on ; 14, Lyon; 15, Marseille; t6, Perpignan]; 17, Grenoble; 18, Briangon.

Portugal: i, Lisbonne ; 2, Porto; 3, Valence; 4, Chaves; 5, Bragance: 6, Almeida; 7, Guarda; 8, Coimbre ; 9, Castello Branco ; 10, Abrantes ;

11, Elvas ; 12, Peniche; 13, Beja; 14, Lagos.
Espagne: I.Madrid; 2, Figueras ; 3, laca ; 4, Pamplona; 5, Oyarsun ; 6, Ferrol ; 7, Ciudad-Rodrigo ; 8, Badajoz ; 9, Tarifa ; 10, Ceuta; 11, Melilla ;

12, Palma; 13, Mahon ; 14, Zaragoza ; 14, Valladolid; 16, Cordoba; 17, Malaga; 18, Valencia.

Italie : I, Rome; 2, Ancone ; 3, Boulogne; 4, V^rone ; s, Plaisance ; 6, Alexandrie ; 7, Mont Cenis; 8, Fenestrelle ; 9, Exiles; 10, Vinadio ;

II, La Maddalena ; 12, Cagliari ; 13, Gaeta ; 14, Geneva.
Suisse : i. Thun ; 2, Bale ; 3, Zurich ; 4, Weesen.
-Allemagne : I, Berlin ; 2, Cologne ; 3,_Metz ; 4, Mayence ; 5, Wurtzbourg ; 6, Strasbourg ; 7, Schwetzingen (en projet) ; 8, Wilhelmshaven : 9, Tonning

10, Kiel ; II, Stettin ; 12, Dantzig ; 13, Koenigsberg ; 14, Thorn; 15, Posen; 16, Breslau ; i7.Torgau.
.\utrichb : I, Comorn ; 2. Cracovie ; 3, Franzenfeste : 4, Karlsburg ; 5, Serajewo ; 6, Mostar ; 7, Trieste.

Danemark : T, Copenhague.
SuEBE : Carlsborg.
Kussie: I, Brest-Litovsk ; 2, Varsovie

; 3, Novo-Georgies sk
; 4,.IvaDgorod ; 5, Luninetz.

Irm plumage, great breadth of the primary and secondary
light feathers, and large pectoral muscles. Fig. i is an
accurate portrait of a homing pigeon formerly in my
possession that had repeatedly flown from the south of

France to Brussels. Their rate of flight, for long dis-

tances, depends, of course, greatly on the weather.

We are enabled by the courtesy of the editor of La Nature to reproduce
his map.
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daylight in the morning. Fog and mist, hiding the sur-

face of the country, are fatal to rapid progress.
It is sometimes alleged that sight can be of no avail

when birds are liberated some hundreds of miles from
their home, but it should be remembered that from an
elevated position in the atmosphere immense distances
can be seen. Mr. Glaisher records that from a balloon he
saw at the same time the cliffs of Margate on the west,
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Brighton on the south, and all along the coast-line to

Yarmouth on the north.

The homing-by-instinct theory is entirely disproved by
the races which have taken place from Rome to Belgium,
a distance of between eight and nine hundred miles,

nearly half of which was over country entirely new to the

birds. All the birds engaged in these races had been
flown from the south of France to Belgium, whence they
would have found their way back in one or two days,
but of the hundreds liberated in Rome, not one returned
before eleven days, and in the first race in a fortnight

only four out of the number despatched. The country
was new to them, and doubtless they circled about in

search of some known landmark which would have
directed their flight ;

but the objects with which they
were acquainted were hidden from them by the Alps,
and it was only those few that, flying along the coast,
succeeded in reaching the south of France, and then
saw objects with which they were acquainted, that

returned to their Belgian homes.
The first extensive practical application of the homing

faculty of these birds took place when Paris was environed

by the German army. During the siege, as is well

known, balloons were continually despatched from Paris,

carrying not only passengers, but bundles of letters, and
the homing pigeons belonging to a few private individuals
resident in Paris. In the first instance the despatches
returned by these pigeons were photographed on paper
and sent from Brussels into Paris. After a time a distinct

pigeon post was organized from Tours, outside the
German lines. This pigeon post was recognized by the

English postal authorities, and letters at the cost of half-

a-franc a word were sent from Tours into Paris with as

great a degree of rapidity as the pigeons could be sent
out by balloon, and conveyed from the places where thev
descended to Tours, for the purpose of being reflown into
Paris. The letters, which were limited to twenty words,
were set up in type, micro-photographed on thin films of

collodion, inclosed in small quills, and attached to one
of the tail feathers of the bird. So complete was this

organization that one pigeon could have carried into

Paris the whole of the many thousand letters that were
sent in during the siege.
The Germans were not slow to utilize the services of

the pigeons for military purposes, and at the present time

every large fortress in Germany has its pigeon loft, and
the birds are trained to fly back from the surrounding
country for distances of many miles.

As will be seen by the accompanying map (Fig. 2),

pigeons are trained to Berlin from all the large fortresses
in the Empire, Strasbourg on the south to Koenigsberg on
the north. Then, again, each fortress has its own loft of

pigeons, which are trained to fly back to it, so that before
a fortress is completely invaded by the enemy a number
of birds can be sent out, or forwarded subsequently by
balloon. On being liberated with despatches, these
would return to the fortress, without the possibility of
their being interfered with. A similar organization pre-
vails in France, pigeons having been trained from Paris
to all the military stations on the German frontier

; and it

may be observed that in Italy, Austria, and even Russia
the same system prevails. In our own country there is

no definite organization of pigeons for military purposes.
It is true pigeon flying has become a popular pastime with
a large number of persons. There is scarcely a town in

the kingdom where some good homing birds do not

exist, which could be placed at the disposition of the
j

military or naval authorities. One great use of the birds
would be on the cruisers sent out to watch an enemy's
fleet. It is obvious that each could readily take a number
of pigeons on board, and, without leaving its post of

observation, could send back day by day messages to the
town from whence the pigeons were received.

It is doubtful whether any purely military organization
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could take as good care of the pigeons, and could train

them in a manner superior to that which is done by those

who use them for racing purposes. No military or naval

servant, unless he were a lover of pigeons, would train

them with the same amount of interest and care that is

done by the amateurs.
In this country, at the present time, there exists a very

large number of pigeon-flying Societies. Their races

extend from the midland counties in England as far as

Cherbourg, and other parts of France. In actual practice
the birds would not be, except under very rare occurrences,

required to fly very long distances. Of course these long

flights necessitate a considerable amount of risk, but good
pigeons can be calculated on to return from fifty to a

hundred miles with certainty.
On looking at the map it will be seen that no lines

showing the military organization of pigeons appear in

Belgium ;
in fact, it is hardly thought necessary that any

distinct organization should take place there, as it is

supposed that there are in Belgium alone more than six

hundred thousand homing pigeons belonging to -private

individuals, all of which are well trained, and would, in

case of war, be placed at the disposition of Government.
W. B. Tegetmeier.

NOTES.
The Committee which has been formed for the purpose of

obtaining a portrait of Michael Foster, Secretary of the Royal

Society, and Professor of Physiology in the University of Cam-

bridge, has issued a second list of subscriptions. It is intended

that the picture shall be presented either to the University or to

Trinity College, as the subscribers may decide. The treasurer

is Dr. Lea, Gonville and Caius College, and subscriptions may
be paid either to him or to Messrs. John Mortlock and Co.,

Bankers (Limited), Bene't Street, Cambridge. Cheques should

be made payable to the " Michael Foster Portrait Fund."

At the meeting of the Cambridge Philosophical Society on

Monday, January 25, Prof. G. H. Darwin, President, -in the

chair, the following resolutions were proposed by Prof. Cayley,

seconded byJDr. Lea, and passed unanimously :
— "

(i) That the

Cambridge Philosophical Society desires to express its sense of

the great loss sustained by the University and the Society by
the death of Prof. Adams, who shed lustre on the Society by
the brilliancy of his scientific career, and set an example to its

members by the earnestness and simplicity of his life. (2) That

the Society do now adjourn without transacting the business of

the meeting, as a mark of respect for the memory of Prof. Adams,

one of the benefactors of the Society. (3) That the President

be instructed to convey the foregoing resolutions to Mrs.

Adams."

We have heard at present of only one astronomer as candi-

date for the Professorship of Astronomy rendered vacant by the

death of Prof. Adams ; this is Mr. Turner, Chief Assistant at

Greenwich. On the other hand, we hear of some mathema-

ticians ; it is not stated, however, what contributions to the

science they have made.

The late Ferdinand Roemer, the well-known geologist and

Professor at the University of Breslau, whose death on Decem-

ber 14, 1891, we have already recorded, intended to have

celebrated on May 10 next his jubilee as a Doctor of Philosophy;

and his friends, admirers, aud pupils were preparing to do him

honour on the occasion. It is now proposed that a marble bust

of Roemer shall be placed in the Mineralogical Museum of

Breslau, and an influential committee has been formed for the

purpose of collecting subscriptions.

The Committees appointed Irst year by the Royal Society

and by the British Association for investigating ihe zoology of
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the Sandwich Islands have amalgamated, and at a meeting held

. one day last month selected, from among the gentlemen who

j

offered their services, Mr. Robert C. L. Perkins, B.A., of Jesus

I College, Oxford. Mr. Perkins will accordingly leave England
in a few days, proceeding via New York and San Francisco to

Honolulu, where he will at once comruence his researches into

the fauna of the islands, and especially that part of it which is

believed to be threatened with extinction ; aided, it is hoped,

by the Hawaiian Government, and some of the principal resi-

dents. Dr. David Sharp, F.R.S., Curator in Zoology in the

Museum of the University of Cambridge, is the Secretary of the

Joint Committee.

The annual general meeting of the Geological Society will be

held on Friday, February 19, at 3 p.m., and the Fellows and

their friends will dine together at the Hotel Metropole, White-

hall Place, at 7.30 p.m.

The new law on French Universities is soon to be discussed

by the French Senate. The Committee appointed to report upon
the Government's plan disapproves of many of its provisions.

M. Pierre Laffitte, the head of the "orthodox"

Positivists, has been appointed professor, at the College de

France, of the history of science.

Dr. Fridthof Nansen is now in England, his object being
to fulfil a series of lecture engagements. The proceeds are to

be devoted to the expedition to the North Pole on which he

hopes to start next year.

The Joint Grand Gresham Committee has decided to co-

operate with University and King's Colleges and the Medical

Colleges of the great hospitals of London in the establishment

of the proposed University in and for London, on the under-

standing that it be called the Gresham University.

Dr. Alfred Carpenter, the well-known advocate of

sanitary reform, died at Ventnor on January 27. He was the

author of many works on sanitary subjects. In 1879 he was

elected President of the Council of the British Medical Associa-

tion, having been in the previous year orator of the Medical

Society of London.

Prof. E. Ray Lankester will on Thursday next (February

11), at the Royal Institution, begin a] course of three lectures

on " Recent Biological Discoveries
"

; and Lord Kayleigh will

on Saturday (February 13) begin a course of six lectures on
" Matter : at Rest and in Motion."

Dr. Noetling, of the India Geological Survey, is now

engaged in superintending the sinking of shafts at the amber
mines on the Upper Irrawaddy.

An index to the five yearly volumes of the Kcw Bulletin,

already published, has now been issued as "
Appendix IV.,

1891." In an introductory note some interesting statements are

made as to \heh\s\.ory oiihe Builethi. It was originally in-

tended that a number .'•hould be is.sued only occasionally ; but

monthly publication was immediately found to be necessary,
and further space has since been obtained by the printing of

information of a purely formal kind in appendices. The

subjects treated have related almost entirely to economic

botany. The results of investigations made by members of the

staff at Kew and of kindred institutions at home and abroad on

vegetable products and the plants producing them, have been

!

carefully summarized and presented in as concise and clear a

manner as possible. In many cases the articles have been

illustrated by plates from original drawings or by those placed
at the disposal of the Director by theBentham Trustees from the

1

"Icones Plantarum." The Bulletin has become a most con-
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venient mode of communicating information to persons at home,
to the numerous correspondents officially connected with

colonial and Indian botanical establishments, and to private

persons interested in plant products in distant parts of the

Empire. It has also been of service to members of the general

public engaged in planting or agricultural business in India and
the colonies.

The fourth part of the first volume (xxi. of the whole work)
of the fourth series of Hooker's " Icones Plantarum " has ap-

peared, completing this volume, which is devoted to the illus-

tration, by Sir Joseph Hooker, of Indian orchids of a less

conspicuous character than those commonly cultivated. The
work is now published for the Bentham Trustees, and sold at

four shillings per part by Dulau and Co., of London. The
third series, consisting of ten volumes, containing 1000 figures

of interesting plants, is on sale by the same firm, at ^5 the set.

Only a limited issue is printed, and when exhausted it will not

be reproduced.

Mr. Ellsworth has offered to lend for exhibition at the
" World's Fair," Chicago, a collection of orchids, including
between 1500 and 2000 varieties.

The Chemical Institute of the Royal University, Rome, has

printed a volume of reports on the researches carried on by its

workers during the scholastic year 1 890-9 1. Excellent service

might be done to science if this example were followed by the

laboratories connected with our own Universities.

The Director of the Colonial Museum at Haarlem has issued

a circular notice to the effect that it is of the highest importance
for the Museum to have in its library all recent treatises on

tropical botany, zoology, products, and cultivation. He begs

therefore that authors will send to the Museum a printed copy
of their writings on these subjects in the publications of scientific

Societies.

The Times of Tuesday, February 2, contains an account of a

very peculiar case of prolonged sleep which, on January 31,

was occupying the attention of medical circles in Germany.
It seems that a miner named Johann Latus, an inmate of the

hospital at Myslowitz, in Silesia, has been there 4^ months,
and during that time all attempts that have been made to

wake him have been fruitless. The doctor attending him,

Dr. Albers, thinks that catalepsy is the real cause of his

condition, although no previous record of so prolonged a sleep

has ever been made in medical science. The fact which has

led Dr. Albers to this conclusion is that all the limbs are

absolutely rigid. In other respects the appearance of the man

betrays no sign of this. The body remains quite still, breathing

takes place regularly, and the appearance of the face is quite

normal, the cheeks being of a healthy colour. Lately the body
has been less rigid and the patient has even made some slight

movement, but the eyes have still been kept closed, and the

condition of apparent sleep in no way disturbed. During
this long sleep the hair on the head has increased in length,
but the beard has remained stationary. In order to supply the

patient with food a tube has been inserted into the throat, and

by means of it two or three litres of milk have been administered

daily.

M. Koebele, who has been for the second time searching in

Australia and New Zealand for
"

beneficial insects," has dis-

covered that Onus chalybeus, a steel-blue ladybird, is a most

important enemy of the red scale. According to Insect Life,

he has found them by the hundred, and has observed the mature

insects eating the scales. The trees were "
full of eggs," anj

the larvae were swarming on all the orange and lemon trees

infested with the red scale. M. Koebele has sent to America
a large quantity of the eggs and many of the adult beetles.
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According to the Berlin correspondent of the Times, a

curious rosy light overspread the sky above Berlin from 9 till

1 1 o'clock on the evening of January 26, and made many people
think that a great fire had broken out somewhere. Early on the

following morning the Emperor telephoned to the central fire

brigade station to inquire what had happened, but received

answer that the effulgence was a natural phenomenon.

In March 1891, a Select Committee of the House of Com-
mons was appointed to consider the subject of the registration

of teachers. Two Bills which had been introduced into the

House of Commons, one by Sir Richard Temple, the other by
Mr. Arthur Acland, were referred to the Committee ; and it exa-

mined a large number of witnesses whose opinions were worthy of

being carefully considered. The Report of this Committee has

been issued by the National Association for the Promotion of

Technical and Secondary Education, and deserves the attention of

all who are interested in educational questions. The following are

the conclusions at which the Committee arrived : that the regis-

tration of teachers in secondary schools is in principle desirable ;

that any Educational Council to be established for the furtherance

of such registration should be composed of nominees of the State,

representatives of the Universities, and members elected by the

teaching profession ; that the qualifications for registration

should include evidence both of attainments and of teaching

capacity ; and that additional facilities are required for the

training of teachers in secondary schools. The Committee was

of opinion (a) that existing teachers should not be put on the

register merely as such, but should not suffer from any legal

disability ; {b) that both existing teachers and future teachers

should be admitted to the register on producing such evidence of

intellectual acquirements and teaching capacity as might be

required by the Council ; (c) that the register should, as soon as

might appear reasonable in such case, be made compulsory upon

existing teachers in the event of their appointment to teach in a

secondary school, assisted by endowments or public money, and

upon future teachers in these, and ultimately in all other

secondary schools ; {d) that teachers certified by the Education

Department should be placed on the register, with an indica-

tion, as in the case of other teachers, of the nature of their

certificate.

The Committee on the Indexing of Chemical Literature, ap-

pointed by the Chemical Section of the American Association

for the Advancement of Science, refers with pleasure, in its

ninth annual report, to the fact that a new Dictionary of Solu-

bilities is in progress by a competent hand. Prof. Arthur M.

Comey, of Tufts College, College Hill, Massachusetts, has

written to the Cohimittee that the work he has undertaken will

be as nearly complete as possible. He estimates that the dic-

tionary will contain over 70,000 entries, and will make a volume

of 1500 to 1700 pages. The arrangement will be strictly alpha-

betical, and in all cases references will be given to original

papers. The Committee also prints a letter fin which Mr.

Howard L. Prince says that in the U.S. Patent Office, of which
he is librarian, an index is being made for about 150 journals,

notably those upon the subjects of chemistry, electricity, and

engineering, both in English and foreign languages.
'

The gene-
ral plan is alphabetical, but he departs from it sufficiently to

group under such subjects as chemistry, electricity, engineering,

railroads, &c., all the subdivisions of the art, so that the elec-

trical investigator, for instance, will not have to travel from one

end of the alphabet to the other to find the divisions of genera-

tors, conductors, dynamos, telephones, telegraphs, &c. An-
other fact mentioned by the Committee is that an extensive

bibliography of mineral waters is being prepared by Dr. Alfred

Tuckerman.
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The Institute of Jamaica has begun the issue of special

publications. The first, the Rainfall Atlas of Jamaica, contains

thirteen coloured maps showing the average rainfall in each month
and during the year, with explanatory text. The maps are

based upon observations made at 153 stations from about the

year 1870 to the end of the year 1889. The available stations

are irregularly distributed, being for the most part sugar-estates

and cattle-pens, and in consequence of this irregularity the

island has been divided into four rainfall divisions. The north-

eastern division has the largest rainfall, then comes the west

central, next the northern, and lastly the southern. The annual

distribution of the rainfall varies from 30 to 35 inches in a

few places to over 100 inches in the north-eastern division.

The greatest fall is in October, and the least in February. The
driest stations are on the north-eastern and south-eastern shores.

The maps show the distribution and average amount of rain-

fall very clearly by different tints, and cannot fail to be of both

scientific and practical utility. The work has been prepared by
Maxwell Hall, the Crovernment Meteorologist.

In the new number of the Lojuion and Middlesex Note-

book, Mr. G. F. Lawrence says that some months ago he

obtained a stone hammer of unusual form from the Thames at

Hammersmith. It is in the form of a cushion, and is beautifully

polished ail over. The shaft-hole is |if inch in diameter, and is

an inch nearer one end than the other. The material is a

beautifully veined claystone, of a light greenish colour, and the

hammer measures 4^ inches in length, 2^^ inches broad, and is

i^ inch thick. Mr. Lawrence knows of only two other speci-

mens of this type which have been found in the southern

counties ; both are in the British Museum. The Edinburgh

Museum, however, contains several, some of handsome material

and finish, while others are of a less beautiful, but most service-

able granitic stone. The type seems to belong to the Bronze

Age. Such specimens as the Hammersmith example must have

been, Mr. Lawrence thinks, more than mere implements. He
suggests that they were symbols of chieftainship, and handed

down from one to another, as sacred badges of office, as the

beautiful jade weapons were in New Zealand.
'

Mr. E. p. Ramsay, Curator of the Australian Museum,.

Sydney, has reported to the trustees that during the year 1890 no

Tewer than 320 specimens were bought for the ethnological collec-

tions. The most important of them were a fine lot ofgreenstone
axes and old clay cooking-pots from New Caledonia ; fine-made

mats, baskets, hats, native hair lines and fishing hooks, froni

Gilbert and Kingsmill Group ; necklaces, drums, and other rare

articles of native dress, from British New Guinea ; clubs, spears,

cava-bowls, and food-baskets, from Viti or Fiji ; stone-headed

spears, from Bathurst Island, Torres Straits. Among 74

specimens acquired by exchange were a valuable collection of

Neolithic worked flints from the Chalk Hills, South Downs,

England ; worked flints, from the Thames ; Palaeolithic worked

flints, from the river gravels, near London ; polished basalt celts,

from Ireland ;
celt socket, formed of the base of the red-deer,

from Swiss lake-dwellings ;
old English flint and steel, from

Yorkshire ; modern French peasant's pipe-lighter, flint and

steel ; iron lamp, or "
cruzie," in us? since Roman times in

Scotland; brass lamp, being a modification of the "cruzie,"

from Antwerp ; cornelian arrow-tips, from Arabia ; photo-

graphs of Hindu pipes.

An excellent hand-book on "
Viticulture for Victoria" has

been issued by the Royal Commission on Vegetable Products in

that colony. The work has been compiled by Mr. Francois de

Castella, of whom the Commission says that from training and

experience he is especially qualified for the task of preparing a
manual for vine-growers. During the last few years a fresh

impetus has been given to this industry in Victoria, and Mr,
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Castella is of opinion that the amount of wine produced in the

colony will soon be very considerable. He recommends that

the vine-growers of each district should agree among themselves

to produce only one definite type of wine, and that it should be

known by the name of the district—such as Rutherglen, Great

Western, Bendigo, Mooroopna, and so forth. The label on a

bottle would thus give some idea of the contents. To name

wine from the sort of grape is useless. Two Rieslings
—for

instance, one grown on the Yarra and the other on the Murray
—differ as much as hock and sherry.

Mr. Clement Reid read an interesting paper the other

evening before the Norfolk and Norwich Naturalists' Society

on the natural history of isolated ponds. He selected as

typical examples the isolated ponds dug on the South Downs to

store water for cattle. These ponds are from 300 to 400 feet above

sea-level, supplied by rain and condensation, and quite uncon-

nected with any stream, often far from a road or path ;
and it

appears most unlikely that seeds of the plants, or eggs of the

animals, which he found in considerable numbers and variety,

can have been conveyed thither by human agency. Both the

eggs and the seeds must, he thinks, have been transported

chiefly on the feet of birds.

Messrs. Longmans have in the press and will shortly

publish a new and revised edition of Sir Philip Magnus's
" Lessons in Elementary Mechanics." The book, which has

already passed through seveineen editions, has been entirely re-

written by the author. It contains several new sections, and especial

attention has been given to the subject of units and to the

explanations of terms. No change, however, has been made in

the general arrangements of the book. A key containing full

solutions of all the exercises and examination questions, many of

which are new, is ready for press, and will be published about the

same time as the new edition.

A BOOK by Prof. A. Targioni Tozzetti on the insects and

other animals which injure tobacco has recently been published.

Of his 300 pages of text, 270 are devoted to insects, 6 to verte-

brates, 7 to snails, 10 to arachnids, and i to earthworms.

Dealing with the cigarette beetle {/.asioderma serricorne), which,

of all tobacco insects, does most damage in America, Prof.

Tozzetti recommends as a remedy a thorough use of chloroform,

bisulphide of carbon, and hydrocyanic acid gas in disinfecting

warehouses and manufactories
;
and he advises, where possible,

the submersion of the -tobacco in 90 parts of water for forty-

eight hours. Insect Life says of this advice that it is
"
evidently

not based on experience, and not appreciative of the ease with

which tobacco is spoiled for the trade."

In the last sentence of Mr. Frederick J. Smith's letter on
" A Simple Heat Engine" (Nature, p. 294), for "fall" read

"pull."

A SERIES of remarkable compounds of the halogen salts of

the rare metal csesium with two more atoms of chlorine, bromine,

or iodine, are described by Messrs. Wells and Penfield in the

Tanuary number of the American Journal of Science. The fact

was accidentally discovered that when bromine is added to a

concentrated solution of caesium chloride, CsCl, a dense bright-

yellow precipitate is produced. When the contents of the test-

tube are warmed, this precipitate dissolves, but on cooling the

same substance separates out in the form of large orange-

coloured crystals. Upon analysis these crystals are found to

possess the composition CsClBrj. This remarkable observation

has led to the preparation of a series of eight such salts, each

containing one atom of csesium and three halogen atoms. The
formulae of these compounds are CSI3, CsBrJ.j, CsBroI, CsClBrI,

CsCl.J, CsBrg, CsClBr,,, and CsCLBr. They all crystallize

well, generally in large brilliant prisms. Those of Cslj are
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black and almost opaque ; those of CsBrl., dark reddish-brown

by reflected and deep red by transmitted light ; CsBr.^I forms

crystals of a bright cherry-red colour; while the crystals of

CsClBrI, CsBrj, and CsClBr.j are tinted with various shades

of orange. The compound CsCl2Br forms bright yellow

crystals, the lightest coloured in the whole series. Two other

possible salts of the series, CsClIo and CsClg have not yet been

obtained. The general method by which the above eight salts

were prepared consisted in dissolving the haloid salt of csesium

employed in water, adding the requisite quantity of iodine or

bromine, or leading a stream of chlorine through the solution,

and cooling or evaporating to the crystallizing point. The salts

are remarkably stable, they may all be preserved for any length

of time in corked tubes or bottles. They form an isomorphous

group, all crystallizing in the rhombic system. An important
relation has been discovered between the crystallographical

constants of the first five members of the series, those con-

taining iodine. The ratio of two of the axes remains almost

constant throughout the whole of the five, while the third varies

with the molecular weight.

The formation of salts of the nature above described, in

which a compound such as caesium chloride, which is usually

considered as fully saturated, actually combines directly with

two more atoms of a monad halogen element, is a most im-

portant and interesting fact considered in connection with the

general subject of residual affmity. Csesium, as is well known,
is the most electro-positive element yet discovered, and that it

should exhibit this phenomenon of residual affinity in so startling

a manner is perhaps not surprising. Moreover, Johnson in the

year 1877 obtained a tri-iodide of potassium, KI3, and also in

1878 an analogous ammonium compound, NH4I3. The question
of the constitution of such salts is a most complex one, but the

balance of evidence, particularly that afforded by the crystallo-

graphical measurements, is decidedly in favour of considering

them as double salts, and not as salts of trivalent csesium. The

acceptance of a possible trivalency of csesium would of course

be in direct antagonism to the teaching of the periodic generaliza-

tion, and Prof. Mendeleeff himself considers the two extra

atoms of iodine in potassium tri-iodide to be united much in

the same manner as the water taken up by many salts upon
crystallization.

The additions to the Zoological Society's Gardens during the

past week include a Grey Ichneumon {Herpestes griseus i, ) from

India, presented by Mr. R. Meinertzhagen ;
a Lesser White-

nosed Monkey {Cercopithecits petaurista ?) from West Africa,

deposited ; two Snow Buntings (/V^(r/r(?//^a«£.T nivalis), a Yellow

Bunting {Etnberiza citj-iuella), two Reed Buntings {Emberiza

schocniclns), British, purchased ; seven Coypus {Myopotamus

coypiis), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
New Star in the Milky Way.—The following circular

was issued from the Royal Observatory, Edinburgh, 1892,
February 2 :

—
Yesterday an anonymous post-card was received here bearing

the following communication :
—

" AWrt in Auriga. In Milky Way, about two degrees south
of X Aurigse, preceding 26 Aurigse. Fifth magnitude, slightly

brighter than x-"
At 6h. 8m. G.M.T. the star was easily found with an opera-

glass. It was of a yellow tint, and of the sixth magnitude,
being equal to 26 Aurigas. Examined with a prism between
the eye and the eye-piece of the 24-inch reflector, it was im-

mediately seen to possess a spectrum very like that of the Nova
of 1866. The C-line was intensely bright, a yellow line about
D fairly visible

;
four bright lines or bands were conspicuous in

the green ; and, lastly, a bright line in the violet (probably H7)
was easily seen.

A telegraphic notice was sent to Greenwich in the afternoon,
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and later on, when the true nature of the object was recognized,

to Kiel for general distribution. The star was photographed
last night at Greenwich.

Its place for 1892-0 is 5h. 25m. 3s. + 30° 21'. It does not

occur in the Bonn Maps. Ralph Copeland.

Observations of Mars.—Publikationen des Astrophysikal-

ischen ObservatoriMns zu Potsdam, No. 28, contains the results

of some observations of Mars, made by Dr. Lohse during the

oppositions of 1883-84, 1886, and 1888. A series of measure-

ments of the position-angle of the northern snow-cap has been

made with the idea of accurately determining the direction of

the polar axis of the planet. On February 8, 1884, the
^mean

value obtained differed from Dr. Marth's ephemeris by o°-2)6,

being identical with that deduced from the corrected elements of

the axis employed after 1884. In 1888 the distance of
the^centre

of

the northern snow-cap from the Pole was found to be 2° -39, and

the mean correction of position-angle o°-896. Reproductions of

thirty-six sketches of Mars made in 1884 and 1886 accompany
the paper. These show the principal markings, but not the

canals and minute details seen by that perspicacious astronomer

Schiaparelh, although the instrument used was an 11 -inch re-

fractor. The sketches are combined to form a map, on which

the position determined with special accuracy is indicated.

At the conjunction of Mars and Jupiter, in October 1883, a

determination was made of the comparative intensities of the

actinic rays emitted by the two planets. A series of photo-

graphs of these bodies was taken with exposures varying from

one to twelve seconds, and these were compared with a scale

derived from a series taken with an artificial source of light at

various distances, and another derived from Vega. The actinic

intensity of Jupiter's southern hemisphere was found to be

2'I76 times greater than that of the Martian surface, which,

when the distances of the two planets from the sun are taken

into account, gives 24*4 : i as the relative albedos. The ratio

of the amount of light emitted by the southern hemisphere
of Jupiter to that emitted by the northern hemisphere was

incidentally found to be as I'igz : 0-597.

Solar Prominence Photography.—Some interesting

recent results in the photography of solar prominences are stated

by Prof G. E. Hale in the first number of Astronomy and Astro-

Physics. In the first place, the line a little less refrangible than

H, which Prof. Hale suggested was probably due to hydrogen,
has been proved by M. Deslandres to have its origin in this

element, by direct comparison with a Geissler tube. Prof.

Young has also succeeded in photographing this line, which was

first visually observed by him in 1880. With regard to the line

at A 3888-73, which forms a double with the hydrogen line

a (A 3889 14) of the stellar series. Prof. Young has not found the

duplicity which very o''ten distinguishes the Kenwood Observatory

photographs. The hydrogen line a occurs on eighteen plates,

but it is only certainly ^ingle on two of them. And it is a sig-

nificant fact that in one of these cases only the upper part of

the prominence lines was photographed, the light from a short

distance above the sun's limb being cut ofT by a diaphragm.
There seems little doubt that the line is a true one, and not a

false appearance brought about by the reversal of the hydrogen
line on account of which it is apparently duplicated. Its origin,

however, is unknown. Prof. Hale thinks that both H and K
in prominences are due to calcium, the absence of the strong

line at A 4226-3 being said to follow from its different appear-
ance and behaviour in the arc, as compared with H and K. By
a remarkable coincidence an eruption on July 9, 1891, was

simultaneously photographed at Kenwood Observatory and

visually observed by Herr Fenyi at Kalosca, Hungary. Copies
are given of the drawing and photograph, and the general agree-

ment in the form of the prominence is very striking.

Re-discovery of Brooks's Comet (1890 II.).
—A tele-

gram from M. Perrotin to Prof. Krueger announces that

Brooks's comet was found by M. Javelle, of Nice Observatory,
on January 6 {Astr. Nach. 3074).

ELECTROTECHNICS}
T BEG to thank you for the great honour you have done me in

-'•

electing me your President for this year
—a year which the

need for a new complete index of this Society's Journal marks

I Inaugural Address of Prof. W. E. Ayrton, F.R.S., President of the

Institution of Electrical Engineers, delivered on January 28, 1892.

out as closing the second decade of its life
;
a year which sees

the second thousand added to our roll of members ; and a year
which the Electrical Exhibition at the Crystal Palace distin-

guishes as inaugurating the second decade of electric lighting in

Great Britain.

It has gradually become the custom for your incoming Pre-

sident to select, as the subject of his address, some investigation
that has been engaging his attention. Following this custom, I

purpose to-night to discuss an experiment in which, for the last

nineteen years, I have taken some part
—an experiment which,

of all others, has been the one I have had most at heart—and

that is, how best to train the young electrical engineer.
To some it may appear that I am treading on well-worn

ground ; but as the problem is one that is as yet by no means

solved, and as it involves the preparation of the machine that is

daily used alike by the dynamo constructor, the cable manu-

facturer, the central station engineer, and the lamp maker—
viz. the human machine—the problem of fashioning this tool so

that it may possess sharpness, an even temper, moral stiength,

and a mental grain capable of taking a high polish, is one that,

in truth, deeply concerns every member, every associate, every
student of this Society.

It is only fifteen years ago since I wrote from Japan to my old

and valued master. Dr. Hirst, then the Principal of the Royal
Naval College, Greenwich, asking whether he thought that the

time had come for starting in this country a course of applied

physics somewhat on the lines of that given at the Imperial

College of Engineering in Japan. He replied that England
was not yet ripe for such an innovation—an opinion which

appeared to be borne out by the fact that after the authorities at

University College, London, had in 1878 actually advertised for

applications for a new chair of "Technology," they decided that

it would be premature to take the responsibility of creating such

a Professorship.
But matters were advancing more rapidly than was imagined

by collegiate bodies ; for in that same year this most valuable

report on technical education which I hold in my hand was

issued by a Committee of the Livery Companies of London,
based on the opinions expressed by Sir W. (now Lord) Arm-

strong, Mr. G. C. T. Bartley, Colonel (now General) Doneliy,

Captain (now Sir Douglas) Galton, Prof. Huxley, and Mr. (now
Sir H, Truman) Wood. And although it is twelve years since

this book was published, I can recommend it to your notice,

for it supplies most interesting reading even at the present

day. ,

Under the guidance of three joint honorary secretaries, Mr.

John Watney, Mr. Sawyer, and Mr. (now Sir Owen) Roberts, the

City and Guilds of London Institute for the Advancement of

Technical Education started, with a name that was very [long,

but in a way that was very modest, to develop a " Trades

School
"

in accordance with this report. They borrowed some

rooms, but for use in the evening only, from the Middle Class

Schools in Cowper Street, Finsbury, and decided to erect

ultimately a chemical laboratory in that neighbourhood.
But neither the building of a physical nor even of a mechani-

cal laboratory formed any part of the scheme for this
" Local

Trades School." For at that time the teaching of the applications

of physics to industry hardly existed, and certainly not its appli-

cation to any electrical industry other than telegraphy. To
make a start, however, in such teaching was most desirable, and

therefore Dr. Wormell, the enlightened head master of the

Cowper Street Schools, consented to give up the use of some
: rooms not merely during the evening, but also during the day,
1 to enable Dr. Armstrong and myself to carry out our plan of

fitting up students' laboratories with a small amount of apparatus
'

kept permanently ready in position.

i
For the devotion of these rooms to the carrying out of this

new experiment we must always feel grateful to Dr. Wormell,
I for it was necessarily accompanied by a reduction in the size of

! his school, and consequently by a pecuniary loss to himself.

The first laboratory course of the City and Guilds Institute

was then advertised, and on January 9, 1880, three students

presented themselves—a little boy, a gray-haired lame man,
and a middle-aged workman with emphatic but hazy notions

about the electric fluid.

In order to further utilize these rooms, the Institute sanctioned

laboratory teaching during the day, and one of the cellars of the

Cowper Street Schools was borrowed in order to fit up a gas-

engine, coned shafting, and a transmission dynamometer, ob-

tained out of the funds of the Institute
;
an A Gramme dynamo
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lent by Mr. Sennett, then one of the students ; and two arc

light dynamos for transmission of power experiments, lent by
the Anglo-American Brush Corporation, whose cordial interest

in the work of the City and Guilds Institute has been marked

throughout. And as these dynamos were used, not for electric

lighting, but as laboratory instruments for educational purposes,

England can claim to have been one of the first in the field of

teaching electrotechnics.

Rapidly grew these electrotechnical classes ; soon the tem-

porary laboratories in Cowper Street were overcrowded, espe-
cially as applied mathematics and mechanics, under Prof. Perry,
were added to the subjects taught ;

the ;^300o which had been
set aside for the building of this

" Local Trades School "
grew

into ^35,000, thanks to the combined donations of the Drapers'
Company and of the Institute, and in i88l was laid the founda-
tion-stone of the present Finsbury College.

During the many years that Prof, Perry and I were linked

together, the work of either was the work of both ; but now I

wish to take this opportunity of acknowledging my personal
debt of gratitude for the fund of suggestion which he put forth

regarding the teaching of science through its practical applica-
tions—the keynote of true technical education. The value of

these suggestions you will fully appreciate, for they form the
basis of those characteristic and attractive lectures familiar to so

many of you who have been his pupils.
As we have seen, then, the present Finsbury College grew

out of the "Local Trades School," and formed no part of
the original scheme of the Institute. And it was because Lon-
don was really in want of practical laboratory teaching about

dynamos, motors, electric lamps, and engines, and because that

want was supplied in a form suitable to the comprehension and
to the pockets of workmen in the basement and cellars of the

Cowper Street Schools, and last, but by no means least, because
one of the Executive Committee of the Institute, Mr. Robins,
strenuously exerted himself to further technical education in

Finsbury, that the various electrical, physical, and mechanical
laboratories now in Leonard Street, Finsbury, came into

existence.

But the establishment of a Central Technical Institution

"for training technical teachers, and providing instruction for

advanced students in applied art and science," had been recom-
mended in all the reports sent in to the Committee of the Livery
Companies by the six authorities to whom I have referred. So
that in the same year that the foundation stone of the Finsbury
College was laid by the late Duke of Albany, that of the
Central Technical Institution was laid by the Prince of Wales.
And, if you will allow me to say so, the success of the latter

institution has been no less marked than that of the former,
for, in spite of the rather stiff entrance examination, the number
of students who attend all four of the departments at the
Central Institution is more than threefold what it was five years
ago. In fact, in the mechanical and electrical engineering de-

partments there are already about as many students under
instruction as class room and laboratory accommodation will

admit. Hence this year will see a considerable increase in the
amount of apparatus and machinery, as well as in the space
devoted to dynamos and motors, in Exhibition Road.

While, on the one hand, the rapid growth of the work of the
Guilds Institute is no little due to the fact that the latter end of
this century has ushered in the electric age of the world

; the
electrical industry of our country, on the other hand, is no little

indebted to the aid so generously'«'given by our City Companies
to the teaching of electrotechnics. For the students who during
the last eleven years have, for an almost nominal fee, worked in

the electrical laboratories at Cowper Street, at the Finsbury
College, and at the Central Institution, number several thou-

sands, and nearly every electrical works, every place giving
electrotechnical instruction throughout this country, employs
some of them.

The success which these students have thus achieved, through
their own ability and exertions, is, I think, in no small measure
due to the Institute having so wisely left the teaching it gave un-
trammelled by any outside examining body, so that it was
possible for this teaching to be directed solely to the professional
needs of the students, and to be modified from time to time as
it seemed necessary.

My hearty thanks are indeed due to the Japanese Govern-
ment and the City and Guilds Institute, my masters during the
last nineteen years, for having left my colleagues and myself
unfettered liberty to carry on this experiment of finding out

better and better ways of teaching the applications of science to

industry.
And there need be no fear that with this freedom the teaching

will become stereotyped, and gradually cease to deal with the

living science of the factory, for, being bound by no code, we
are able to vary our methods, our experiments, and our appa-
ratus, according to the continually changing conditions of the

profession. In order that the Guilds Institute should fulfil its

aim, it is absolutely necessary that its teaching should keep pace
with industrial progress. Now, even if it were possible for out-

side examiners, with fixed scholastic notions, to aid in securing
this result, would not their efforts be superfluous ? for are there

not you, the employers of labour, to ultimately decide whether
the human tool we fashion is, or is not, adapted to your require-
ments ?

Leaving now the consideration of the direct work of the City
and Guilds Institute, including their extended system of techno-

logical examinations, at which last year 7322 candidates were
examined in 53 different subjects at 245 different places in Great
Britain and the colonies, the indirect results that have pro-
ceeded from the initiative of this Institute are even greater. For,
while twelve years ago, education in applied science in this

country was a tender little infant, requiring much watching and

support, combined with constant encouragement, to-day Tech-
nical Education—with a capital T and a capital E, bear in

mind—is a stalwart athlete, the strong man on the political

platform, exercising the minds of county councillors, and actually

regarded as of more importance than the vested interests of the

publican.
Until quite recently it was the technical education of the

young engineer that had to be considered ; but now the problem
has become a far wider one, for the education of the British

workman is being vigorously pushed forward, and I think that

it has become incumbent on you
—the representatives of the

electrical profession
—to express your decided opinion as to what

this education of the electrical artisan ought to be.

The technical education snowball set in motion twelve years

ago by the City Companies has been rolling
—

nay, bounding
forward—so swiftly during the last year or two that probably
some of you have hardly followed it in its rapid growth, both in

size and speed. ;^30,ooo has been spent on the Polytechnic in

the Borough Road ; the Charity Commissioners have already
endowed this school with an income of ;,^25oo a year, and
it is hoped that before the building is opened, this income
will have been doubled. ;^50,ooo has been already promised for

the Battersea Polytechnic, the Charity Commissioners having also

undertaken to provide this technical school with an income of

;i^25oo a year as soon as the subscription reaches ;^6o,ooo ; and
for the establishment of a polytechnic in the City, ;i^5o,ooo has

been set aside out of the funds of the Charity Commissioners,
as well as a yearly grant of ;^5350. Finally, not to speak of

polytechnics in North, South, East, and West London, Mr.

Quintin Hogg has himself spent ^100,000 on the Regent Street

Polytechnic, while the Drapers' Company have alone given

;/"55,ooo to the technical department of the People's Palace at

Stepney, and endowed it with an income of jQ'jooo a year.

And, most recently of all, the Goldsmiths' Company have put
on one side nearly a quarter of a million sterling for the land,
the buildings, and for an endowment of /"5000 a year in per-

petuity, for their Technical and Recreative Institute recently

opened at New Cross.

The following table gives an idea of the sort of sums that are

being spent on polytechnic education in London, but it does not

profess to give the entire amounts that have been devoted to

capital expenditure and yearly maintenance, even for the six

polytechnics named in the table :
—

Capital Expenditure. Yearly Endowments.

Polytechnic, Borough Road.
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Already spent

Already subscribed

Charity Commissioners
alone to spend... ^^50,000

;^30,ooo Charity Commissioners
alone ;^2,500

(Endowment expected to be
doubled before opening.)

Battersea Polytechnic.

_;^50,ooo
I
Charity Commissioners

I
alone ;i^2,50o

City Polytechnic.

I Charity Commissioners
alone £5.350
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Regent Street Polytechnic,

Spent by Mr. Quintin
Hogg ^100,000

Spent by Charity Com-
missioners 1 1*750

Charity Commissioners
alone ;^3.500

Peoples Palace, Mile End Road.

Given by Drapers' I Draper'sCompanyalone^7,ooo
Company alone ... ^55,000 | Charity Commissioners

Given by Charity I alone 3. 500
Commissioners alone 6,750 |

Technical and Recreative Institute, New Cross.

Given by Goldsmiths' 1 Goldsmiths' Company ;^5,ooo
Company ;^70,ooo |

(Representing a total expenditure of nearly ;^25o,ooo. )

Other contributions to

polytechnics in Lon-
don by Charity
Commissioners ... ;^6,ooo

Yearly endowments of

CharityCommission-
ersto other technical

institutions in Lon-
don ;^3.200

Totalsfrom the above sources alone :

3C379,5oo I ;^32,5oo

Large as are these sums, they are, however, even small com-

pared with the amount raised by Mr. Goschen's beer and spirit

tax, which it has been decided shall be used for the public
benefit, and not for the benefit of the publican. The counties
and county boroughs of England now receive nearly three-

quarters of a million sterling per annum, of which the whole may
be devoted to technical education. The majority of the counties
and county boroughs propose to utilize this magnificent oppor-
tunity and devote to technical education the entire sum allocated
to them, while the remainder use at least a part for this purpose.
Middlesex and London, however, stand alone, and employ their

whole yearly grant of ;^ 163,000 for the relief of the rates, on the

plea that they consider that the City Companies are well able to

look after the technical education of London.
Besides this spirit duty, 106 towns are levying rates in aid of

technical education under the Technical Instruction Acts of

1889 and 1891, the number of these towns having increased by
twenty in the last seven months, showing how rapidly is this

desire for technical education spreading throughout Great
Britain.

In addition to the sums contributed for technical education

by the City Companies, collegiate bodies, and private persons
who have the practical education of the nation at heart, the

following represent, as far as I have been able to ascertain, the
amounts that it has been already decided shall be actually spent,
yearly, on technical education in England alone, exclusive of

Scotland, Ireland, and Wales :
—

Received from the Customs and Excise duties

i> I, Rates
Given by the Charity Commissioners ...

;^50o,ooo
18,046

20,550

;^538,596

The yearly amount that will be actually raised under the

Technical Instruction Acts will be far larger than the ;,^i8,046
stated above, for this represents only the sum of the amounts
raised in the very few towns who have already made returns.

Hence the total sum to be spent in England alone on so-called

technical education amounts to certainly over ;^6oo,ooo per
annum.
As the teaching of electrical technology has been started, in

some form or other, in nearly every important town in Great

Britain, there is no occasion for me to advocate, as I did in this

room ten years ago, that a student of electrical engineering should
have an education in applied science ; but what I desire to most

strongly urge on you to-night is, that it is your bounden duty
to see that some portion of the vast sum that is about to be

spent on the education of the people is used to give such a

training to your workmen as shall really benefit your industry.
For otherwise there is a great fear that most of the money de-

voted to electrical teaching will either be frittered away on the
natural loadstone, rubbed amber order of instruction so dear to
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the hearts of the school-men, or on semi-popular lectures de-

scribing in a bewildering sketchy fashion the whole vast field of

electrical engineering.
The workmen you employ are of two classes. In the one

class is the man who is all day long, say, stamping out iron

di.sks for armature cores, and the boy who, say, feeds the screw-

making machine with its proper meals of brass rod. For such

work no technical education is necessary ; the workers are mere

adjuncts to the machines, to be dispensed with as the machines
become more and more perfect. Hence, unless the machine-
minder has the ambition and the ability to rise to some less

mechanical occupation, his activity, if any be left him after a

hard day's work, had probably better be spent in effort of a

lighter and more recreative character than would alone be

necessary to make him a higher class of artisan.

For him the polytechnic variety course of instruction is an
inestimable blessing, for he can do a little type-writing, learn

violin-playing and modelling in clay, attend an ambulance class,

recite a poem, and devote the remainder of his leisure to the

piano, botany, sanitary science, reading books and learning how
to keep them.

His general interests will be roused, the human side of his

nature developed, and during the evening at any rate he may
forget that he is the slave of the Gramme ring, or the slave of the

electric lamp.
No wonder, then, that within two months of the opening of

the Goldsmiths' Institute at New Cross 4000 members were
enrolled.

But your workmen of the other class must, or at any rate

ought to, think. Take, for example, the man engaged in wiring

houses, whose work is continually changing, and offering small

problems to be solved. Here, common sense—or uncommon
sense, if you prefer it—is of great value, and the work, to be

good, must be done by a man with a knowledge of principles,
and not by a mere machine-minder.

Many joints
—bad joints

—wires laid in cement under mosaic,
which cannot be replaced except at vast expense, even although
the insulation has rotted away—parqueterie floors nailed to

insulated wire—switchboards screwed on to damp walls—lamp-
holders that only make contact when the lamps are twisted

askew—high-class insulated mains terminating in snake-like

coils of flexible wire running against metal in shop windows,
under shop fronts—heavy Oriental metal lamps hanging from

lightly insulated cord—all this would be avoided, if the work-
men had been taught to use their brains as well as their hands.

Now, do you think that the teaching necessary for this purpose
is likely to be given at the ordinary English polytechnic school?
In the case of the Goldsmiths' Institute the electrotechnical

department has been put under the charge of Messrs. Dykes and

Thornton, two diploma students of the Central Institution ; and
the fact that these men are, in addition, both employed in

Messrs. Siemens's works at Charlton leads one to hope that

their teaching, at any rate, will breathe the spirit of the factory.
And therefore, if ample funds be forthcoming for keeping the

apparatus at New Cross always up to date, so that the meters,
the models, the dynamos—not merely now at the start, but three

years hence, six years hence—are truly representative of the

industry, there will be a fair prospect that the electrical depart-
ment of the Goldsmiths' Institute, although but a fraction of the

whole undertaking, may really benefit the electiical workmen in

the East End of London.
But my colleagues and I view with considerable apprehension

the way in which the present wide demand for teachers in

technical schools is being supplied. Several ofour own students,
for example, tempted by the comparatively high remuneration
that is offered, have become teachers in technical schools im-

mediately on leaving the Central Institution. In many respects

they are undoubtedly well qualified ; but if they had first spent
some time in works before attempting to teach technical sub-

jects, they would have better understood the wants of the

persons whom they have undertaken to instruct.

No greater mistake can be made than to think that a student

who has distinguished himself at a technical college can dispense
with the training of the factory, unless it be the opposite mistake
of imagining that the factory training is equivalent to or even

something better than that given at a modern school of

engineering.
It is the province of the manufacturer to turn out apparatus

and machinery as quickly, cheaply, and as well made as is

possible ; it is the province of the technical teacher to prepare
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the human tool for subsequent grinding and polishing in the

works.
And this necessity for the teacher having himself passed

through the shops has especial weight when we are dealing with

the technical instruction of workmen, for in such a case there

are three requirements absolutely necessary : first, knowing how
to teach ; second, possessing a fair knowledge of scientific

principles ; and thirdly— and this is, perhaps, the most important
of all—knowing exactly what it is that the particular workman
ought to learn in order to help him in his particular trade.

Schoolmasters may have the first two requisites, and so may
do valuable work in connection with the variety teaching at a

polytechnic ; but they are not in touch with the workshop, and
therefore, no matter what may be their scholastic attainments,
no matter what the extent of their experience in training the

young, they are not the persons to give the real technical educa-
tion to workmen.

In addition, then, to the polytechnics, we must have special
schools for special industries, where workmen are taught the

application of science to their special trades ; and everything
taught in such a school must be taught as bearing on the par-
ticular industry which the school is intended to benefit. A
teacher of physics, for instance, must remember that he is not

training physicists, but workmen whose use of physical prin-

ciples will be bounded by their application to their special trade.

For the great danger of such teachers is that, carried away with
enthusiasm for their own subject, they will not subordinate it

properly to the end in view, viz. helping the workman to know
what will be useful to him in his work.

Indeed, as Prof. Huxley pointed out in his original report to

the Livery Companies' Committee, "Success in any form of

practical life is not an affair of mere knowledge. Even in the

learned professions, knowledge per se is of less consequence than

people are apt to suppose. ... A system of technical educa-
tion may be so arranged as to help the scholar to use his intel-

ligence, to acquire a fair store of elementary knowledge which
shall be thorough as far as it goes, and to learn to employ his

hands, while leaving him fresh, vigorous, and content, and such
a system will render an invaluable service to all those who come
under its influence.

"But if, on the other hand, education tends to the encourage-
ment of bookishness, if it sets the goal of youthful ambition, not
in knowing, but in being able to pass an examination, especially
if it fosters the delusion that brain work is, in itself, a nobler or
more respectable kind of occupation than handiwork, and leads
to the sacrifice of health and strength in the pursuit of mere

learning, then such a system may d) incalculable harm, and
lead to the rapid ruin of the industries it is intended to serve."
And I venture to think that not merely at technical schools

for workmen, but at technical colleges for engineer-, it should
be ever remembered that the main object of the training is not
the cultivation of mental gymnastics, but to enable the student
to acquire knowledge and habits which shall be professionally
useful to him in after life.
" Useful learning usefully taught

"
would be no bad motto for

technical institutions, seeing that those who favour the com-

pulsory teaching of Greek are apparently willing to ,'accept the
converse as the motto for the University. For example, Mr.
Butcher, in his address delivered at the end of last session at

University College, Bangor, said :

" We may claim it as a dis-

tinction that in the seats of academic learning little or nothing
useful is taught" ; and in an article in last month's Fortnightly
Revieia, congratulating Cambridge on its recent victory over the

barbarian, Mr. Bury says quite candidly, "Greek is useless;
but its uselessness is the very strongest reason for its being a

compulsory subject in the University course." And he adds, in

italics,
^^ For the truefunetion of a University is the teaching of

useless learning.
"

A few of the County Councils have realized that the real

teaching of the application of science to a special industry,
which is what the British workman is so much in need of, can-

not be given, as well as a host of other subjects, out of limited

funds. For example, Bedfordshire has decided to spend its

grant of £4343 mainly on agriculture, market gardening, the

straw trade, domestic economy, and industries for women ;

Cambridgeshire and Cheshire devote themselves largely to the

teaching of agricultural pursuits.
Hut other places aim at issuing vast comprehensive programmes

and turning out yearly a mighty array of students, knowing, it

may be, the something of everything, but who certainly will not
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know the everything of something. For example, the Holland
division of Lincolnshire has decided, out of only;,^2000 a year,
to make grants for dairy schools. University extension and art

schools, agricultural science, domestic economy, mechanics,
commercial subjects, and ambulance teaching ; while Bootle,
with a yearly expenditure of only the same amount, maintains
classes in five commercial subjects, in sixteen science and art

subjects, in cookery, wood- working tools, as well as four courses
of University extension lectures.

Because a certain building in Regent Street famed for its

ghost and its diving bell was years ago named " The Poly-
technic," the majority of the new technical institutions which
are being established in London at such vast cost are also called

"Polytechnics," and will, I fear, give only an English poly-
technic course. Now, such recreative education, although
admirable for those who seek relief from work in the use of their

minds, is not generally sufficient for those of your workmen who
use their minds in their daily occupation.

It ought, then, to be thoroughly recognized that there is an

entirely new problem to be solved, and that the solution of this

problem, in so far as it has been worked out at the Finsbury
College and at other places giving practical teaching in the

evening, must, in the language of the mathematician, be re-

garded simply as " the singular solution," and not the general
solution, of the problem of technically educating the British

workman.
Let us gratefully accept the English polytechnics, for they will

undoubtedly confer benefit on our country, and all credit be to

those who have so generously established them. But do not let

us be misled by the similarity between their generic name and
that of the German "

polytechnicom
"

into fancying that the

recreative courses of the one are equivalent to the serious educa-

tion given by the other.

Like Oliver Twist, let us ask for more ; for, on behalf of the

large number of minds already employed in the electrical in-

dustry, and on behalf of the still larger number that will in the

future be so employed, it is our duty to secure that ample pro-
vision be made in this country for the practical teaching of

electrotechnics on a scale comparable with that afforded in the

technical high schools of Germany and the institutes of tech-

nology of the United States.

On the screen you see projected a photograph of the facade
of the Technical High School at Charlottenburg (Berlin), which

appears extensive and grand ; and yet, as you will see from the

next photograph, it was only a small portion of the whole build-

ing that you were looking at on the first photograph. This is

but one of the many technical high schools in different towns of

Germany, and yet it covers an area more than five times as large
as that occupied by the Central Technical Institution in Exhi-
bition Road, London, cost four times as much to erect, and has
more than four times as much spent on its yearly maintenance.
The next photograph shows a building devoted wholly to the

training of electrical engineers, being that of the Electrotechnical

Institution Montefiore at Liege, which Prof Gerard kindly took
me over this last summer, and which has since been opened.
When I tell you that there are rooms for small direct- current

dynamos, separate rooms for large direct-current dynamos,
separate rooms for alternators, and that every three students have
a separate little laboratory, with the necessary measuring in-

struments, all to themselves, your educational mouths will water,
as mine did.

We now cross the Atlantic to the Massachusetts Institute of

Technology, Boston, which, as you see, consists of several dis-

tinct buildings, the centre one being that which contains the

electrical laboratories. The dynamo room now seen on the

screen has many small and large dynamos in it, and yet there is

ample room to walk about, for this dynamo room occupies a

space many times as large as that devoted to dynamos at the

Central Technical Institution of London.
Prof. Cross was so good as to mention in a letter that was

shown me some two years ago, that several of the devices that

had been worked out for the electrical laboratories of the City
and Guilds Institute had been reproduced at Massachusetts ;

but there is one device that Prof. Cross has succeeded in work-

ing out, and which I should be most glad to see copied by the

City and Guilds Institute, and that is, having one assistant for

every five students working in the physical laboratories.

Franklin Hall, presided over by Prof Nichols, is devoted

solely to the department of pure and applied physics at the

Cornell University, Ithaca. You see how large this four-storied
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building must be, for look how small the four-wheeled waggon
standing in front of it appears.
The next three photographs show some of the provisions

made for teaching electrotechnics in Franklin Hall ; the elec-

trical laboratory, under Prof. Moler ; and the dynamo room,
under Prof. Ryan, whose analyses of alternate-current curves

are well known to you all.

I might show you photographs of the electrical laboratories in

Prof. Weber's new building for physics at Ziirich, on which

;^ioo,C)00 has been already expended. In fact, my choice of

magnificent Continental and American laboratories has been so

great that I have hardly known which to select as specimens.
But there is one thing 1 cannot show you—and it must re-

main for the exercise of your influence as representatives of the

electrical profession to make that possible
—the British electro-

technical laboratories for education and research which are truly

worthy of London, the capital of the world.

The training of such students as those at the Central In-

stitution must, of course, differ essentially from that of the

electrical artisan, not because we, or the students, expect that on

entering a factory at the conclusion of their college course they
will start, as a rule, much above the bottom of the ladder, but
because they hope in time to be able to mount higher.

They are therefore taught, not merely to construct meters
and motors, use dynamos and engines, build a chimney and lay
a street main, but, as they are not to spend all their lives wiring
houses or watching a central station voltmeter, they are well

practised in calculating and designing, and they further obtain

sufficient acquaintance with the methods of attacking new pro-
blems not to be daunted when they meet with them in after life.

But so strong is becoming our belief in the value of science to

the manufacturer, so anti-classical are some of us growing, that

there is great risk that the literary side of the education of an
electrical engineer will soon be wholly neglected. Now, im-

portant as it no doubt is for him to be quite at home with

electrical apparatus and machinery, it is no less important, if he
is to take advantage quickly of the progress made abroad, that

he should be able to read a German or a French newspaper. I

do not merely mean that with a grammar and dictionary, and

plenty of leisure, he should be able to translate the newspaper,
sentence by sentence, like a schoolboy preparing to-morrow's

lesson, but that he should have the power to glance down the

columns, gather the gist of the articles, and quickly see whether
there be anything new that especially concerns him.

How many electricians are there in this country who can, for

example, take up the Zeitschrift fiir Instrununtenkunde or the

Electrotechnische Zeitsckrifl, and look through their pages as

they do those of the Electrician, Electrical Review, and the

Electrical Engineer, during breakfast on Friday morning ?

There are, I know, a few—I wish I were one of them.
And yet examples are not wanting of the scientific isolation

that is caused by not possessing that familiarity with foreign

languages which is a characteristic of diplomatists and hotel

waiters. Take, for instance, the fact that, whereas manganin
was manufactured on a commercial scale in Germany, and
German resistance coils have for the last three years been con-

structed of this material with a temperature coefficient of nearly
zero, the vtry existence of this alloy was unknown to many
English electrical instrument makers a few weeks ago ; and
.even now most of them are still unacquainted with the com-

position of manganin, and its peculiar properties, as well as with

the results of the extensive and striking experiments that have
been carried out at the Reichsanstalt at Charlottenburg on the

temperature coefficient and specific resistance of all sorts of

manganin-copper-zinc-nickel-iron alloys.
This Physikalisch-Tecbnischen Reichsanstalt, I may mention,

is an establishment totally distinct from the Technical High
School in Charlottenburg, some photographs of which I showed

you this evening. The Reichsanstalt is not an institution with

students, but a vast series of Imperial laboratories, presided over

by Prof, von Helmholtz, solely used for carrying out researches

in pure and technical physics. The investigations are conducted
under the direction of Dr. Loewenherz, aided by 46 assistants.

We have no establishment in Great Britain at all comparable
with this Reichsanstalt. The original work turned out there in

electro-technics alone is considerable. Here are some of the

published accounts of researches immediately bearing on your
profession which Dr. St. Lindeck has been so kind as to send
me :

"
Hardening Steel Magnets," "Standard Resistance Coils

for Large Currents," "Tests of Commercial Ammeters and

Voltmeters," "Mercury Standard of Resistance," "Photometric

Investigations," "Compensation Apparatus for Use in P.D.

Measurements,"
"
Alloys for Resistance Coils," and so on.

Surely it is part of the technical education of the electrical

engineer to be taught how to read such pamphlets as these with

comparative ease ?

A working knowledge of French and German can be obtained
without the necessity of learning to express oneself fluently in

epigrammatic French, or to imitate with facility the word-

building of a native German ;
and with such a working know-

ledge the average technical student may rest content. But as

regards his own language he should aim at something higher,
and therefore the electrical engineering students of our country
should be, I urge, practised in writing

—
yes, and also speaking

—
vigorous English.

Only the other day, Prof. Nichols, of the Cornell University,
was deploring with me the rarity of finding a student of electro-

technics who could write a decent report. The experimental
methods employed in the student's investigation might have
been good, the mathematical analysis suitable, and the calcula-

tions exact
;
but the description of the apparatus and of the

results obtained would be scattered pell-mell over the paper, as

if the writer were quite ignorant of the fact that the style in

which a dish is served up is nearly as important as the goodness
of its ingredients.

Why do you suppose that Huxley's portrait has nearly as

much prominence given it in the photographer's window as that

of a duke or a ballet dancer? Quite as much because he knows
how to express himself in terse and forcible English as on
account of his wide scientific knowledge ; because even when

writing about dry bones the flow of his language clothes them
with rounded forms.

But, you will ask, how are we to find the time for all this

linguistic and literary polish ? has the electrical student of

to-day so many spare hours that fresh subjects of study must be

sought for to fill up his leisure moments ?

At present much time has to be wasted at technical and other

colleges teaching students sixteen years or older elementary
mathematics and science, which ought to have been mastered

before that age. When the education of childhood is improved,
when the higher education of women is properly carried out,

there will be no need for male experts to trouble about general

training, for then children will spend less time at school and'

learn more ; boys and girls will, as a matter of course, acquire
the foundation of modern languages and general education ;

and students at a college will he able to devote their whole time

to the special training— scientific, manual, linguistic, and literary—which pertains to the particular profession which their special
tastes will generally have led them to select before the age of

sixteen.

And just as methods of teaching applied science have been

developed during the past few years, so I look forward to the

growth of new methods of teaching what may be called applied
literature. For it seems to me that there is a want of breadth

in the view that because the study of Greek verse would be un-

profitable for a student of electrotechnics, and because he has

neither the taste nor the time to enter into the intricacies of

etymology and grammar, therefore the study of modern lan-

guages and literature, even as directly applicable to his pro-

fession, should form no part of his regular training.
As well might it bethought (and 1 am sorry to say this view is

not yet quite exploded) that because a student has neither the

taste nor the time for the study of abstract mathematics, there-

fore he should be debarred from all work in a physical laboratory.

Well, if it be generally accepted that although a young electrical

engineer has no chance of becoming a Cayley or a Maxwell,
still he ought to be taught such portions of mathematics and

physics as will be directly useful to him in his profession,

why should the certainty that he will neither become a Jebb nor

a Dickens lead us to tolerate an inability on his part to speak

fluently and write tersely his own language, surpassed only by
his entire ignorance of every other ?

Habits of scientific thought are highly necessary for electrical

students
;

to be masters of their own language, and to know

something of one or two others, are, I venture to think, no less

so
; but the main result to he achieved, the main object to be

aimed at, with every system of education, is moral thoroughness.
For until every workman, foreman, engineer, and manu-
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facturer feels regret and pain at seeing work inefficiently per-

formed, our national system of education will be incomplete.
All the labour now expended in watching work in progress,

and in testing it when completed to see that it has not been

scamped, is so much withdrawn from the real business of pro-

duction. Every rise, therefore, in the standard of thoroughness
of a community means the saving of waste labour. But far

greater than this will be the actual increase in the productive

power when each gives his best endeavours to his share of the

world's work. And greatest of all will be the gain in the

nation's happiness, since he who works with his whole soul

knows no drudgery.
The lesson to be taught is no new one— it was set many

centuries ago; and hundreds of thousands a year will be well spent
if the County Councils can succeed in bringing home to the hearts

of us all this—" Whatsoever thy hand findeth to do, do it with

thy might."

PHOTOGRAPHY AS A BRANCH OF
TECHNOLOGY.^

'X'HE invitation conveyed to me by your Council, to assist in
^

promoting a scheme of photographic technical education

of a more complete character than that provided by the ele-

mentary schools, is in such complete accord with the principles
which I have always held, and which I have occasionally pro-

mulgated through other channels, that 1 felt it an almost

imperative duty to respond to the invitation in spite of the

numerous other claims upon my time. For I believe that if the

Photographic Society will throw itself with zeal into some well-

organized scheme in this direction a great benefit will be con-

ferred upon the cause of technical education in this country. I

will even go so far as to express the belief that a work of

national importance may be accomplished.
It may perhaps appear as preposterous to dwell upon the im-

portance of photography before the members of this Society as

it would be for a merchant to address the Chamber of Com-
merce on the importance of trade, or for a financier to lecture to

an Ir.slitute of Bankers on the importance of banking. Never-

theless, it is a common experience that those who are actively

engaged in the prosecution of some special kind of work often

take a narrow view of their own labours ; they have no time to

take a bird's-eye view of the whole subject, and an independent
outsider may sometimes do good service by gathering up the

odds and ends of scattered observations and fitting them into

their right positions in the general plan. If any justification is

required Irom me for addressing a Society composed so largely
of photographic experts, I need only plead that as a teacher of

technical chemistry I have felt it necessary to give full recognition
to the claims of photography as an important branch of tech-

nology. It can no longer be ignored that photography has

penetrated the arts and sciences to an extent that has raised it to

an exalted position among technical subjects, and as such it has
not yet received its proper recognition in this country. From
the very dawn of its discovery the importance of its applications
was foreseen, although it is only in our own time that the

realization of this importance is being witnessed. We need not

commit ourselves to the extravagance of Paul Delaroche, the

artist, who, during the excitement caused by the revelation of

the Daguerreotype process, is said to have declared :

"
Painting

is dead from this day !

" The art of the painter has not been

killed, but it may fairly be claimed that it has been aided by
photography ; the art of the engraver has been revolutionized

by its means. The pro[)hetic utterance of a writer in the

Edinburgh Review for January 1843 has been fulfilled :
—

"The art of Photography or Phologeny, as it has been called,
is indeed as great a step in the fine arts as the steam-engine was
in the mechanical arts

; and we have no doubt that when its

materials have became more sensitive, and its processes more

certain, it will take the highest rank among the inventions of

the present age."
All who are familiar with modern photographic methods will

admit the truth of this jirediction ; the materials have been
rendered more sensitive and the processes more certain. The
sensitiveness has been increased to a degree that would

probably astonish the writer of the passage quoted, and the

.
I An Address to the Photographic Society on February 2, by Prof. R.

Meldola, F.R.S.
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certainty of the processes is such that the amateur photographer
exists by thousands. It is perhaps this last circumstance which
is responsible for the identification of photography in the public
mind with the taking of portraits and landscapes. These are no
doubt very important applications of the subject, but photo-

graphy is not synonymous with portraiture and the takmg of

scenery; if we allow this view of the subject to prevail, it

cannot but have the effect of narrowing down the general estimnte

of its importance, and of thus injuring its claim to take high
rank among technical subjects. We are here, I imagine, to

proclaim the far-reaching importance of our subject. Everyone
knows with what beautiful effect the photographer can reproduce
a portrait or a piece of scenery, but what is not so generally
known to the public at large is the enormous service that

photography has rendered to other branches of science. If

dwell therefore upon this application of the subject, it is not for

the purpose of depreciating its application to art, but rather for

the purpose of exalting both aspects.
The modern dry plate has insinuated itself into every branch

of practical science; whenever a phenomenon of a temporary
character has to be registered with absolute accuracy

—where

the human eye fails, owing to the faintness of the object, or the

rapidity with which the phenomenon occurs, there the aid of

the dry .plate is invoked. The application of photography to

astronomy has, as is well known, relieved the eye of the

astronomer and curtailed the work of the observatory to an

extent bordering on the marvellous. A faint nebula, which by
eye observation may take many years of wearying labour to

represent in the form of a drawing, in the course of a few hours

impresses its image in all its fineness of detail on the photo-

graphic plate
—a memorial for future ages of the true form of

the nebula at the time of its being photographed.
•

Stars which

appear as points of lights in the telescope are shown by the

photographic plate to be small nebulse.and stars and nebulae which
have altogether eluded the most powerful telescopic search im-

press themselves on the sensitive film. All this and much more in

the same direction is such familiar knowledge now that it is only

necessary to mention the facts, nor need I remind you how the

photographic plate is being utilized for the photo-astrographic

survey of the heavens, and in astronomical spectroscopy for the

permanent registration of the solar spectrum and the spectra of

the stars. The "Draper Memorial
"

is one of the latest ex-

amples of the utility of photography in the observatory ;
it is no

exaggeration to say that one of the grandest problems of

modern science— the question of stellar evolution—will be ren-

dered capable of scientific discussion by this application of the

gelatino-bromide film. The modern astronomical observatory
is in fact equipped for photograpihic work quite as much as for

observational work, and the photographer has become as

necessary as the observer.

In physics and in chemistry also the photographic plate has

been added to the weapons of research. Here it has been used
to record phenomena which occur with such rapidity as to elude

visual perception. What would the Edinburgh Reviewer of 1843
have thought of the possibility of photographing a soap film in

the act of breaking, or a liquid drop in the act of falling? Yet,
as you all know. Lord Rayleigh and Mr. Boys have succeeded
in doing this. Or take again the application of the sensitive

plate to the elucidation of the phenomena of gaseous explosions

by Prof. Oettingen who, by using a rapidly rotating dry plate,
was enabled to show the intermittent character of the flash pro-
duced by the explosion of hydrogen and oxygen. Profs.

Liveing and Dewar have also succeeding in photographing the

spectrum of a mixture of exploding gases. In spectrum
analysis, in fact, the services which have been rendered by
photography cannot be over estimated. The astronomer, the

physicist, and the chemist must have for reference complete and
accurate charts of the spectra of the chemical elements. The
early maps of Bunsen and Kirchoff, and the splendid

"
Spectre

Normale "
of Angstrom were drawn by eye observation after

years of laborious work, and with injury to the eyes-ight of the

observers. These maps are now produced by photography with-

out any tax upon the eyesight, and with an amount of detail

that renders the early maps— executed with such painful labour—but mere skeletons as compared with their photographic re-

presentatives. The spectra can moreover be compared fai more

readily and with much greater accuracy by the photographic
method. The method of eliminating the lines in the spectrum
of one element, due to the presence of a trace of some other

element as an impurity, which we owe to Prof. Norman Lockyer,
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has only been rendered possible by photography. If the residual

lines common to several elements, and which cannot be traced

by this means to any known element, should lead to the dis-

covery of new elements or to the resolution of known elements
into simpler forms of matter, the credit must be given to the

photographic method.
But it will be safer to confine ourselves to what photography

has actually done for science than to attempt to enter the regions
of speculation. The case to be made out is such a good one
that there is no need to draw upon the imagination. Thus,
again in the region of spectroscopy, the relationship between
the constitutions of chemical compounds and their power of

absorbing certain definite light waves, as investigated by Prof.

W. N. Hartley, may be said to have been discovered by means
of photography, because the absorption is, in the case of colour-
less liquids, exerted beyond the limits of the visible spectrum.
In meteorology the photographic plate has also been of the

greatest service, and a British Association Committee has been
formed for the purpose of stimulating work in this direction.
Most of those present are, no doubt, familiar with the more
striking results achieved by meteorological photographers. The
fleeting forms of clouds can be registered with absolute fidelity,
and by an ingenious arrangement of electrically connected
cameras the height and rate of motion of clouds has- recently
been determined by the aid of photography. The character of
the electric discharge in the laboratory has been studied photo-
graphically by Mr. Shelford Bidwell and by Profs. Oliver

Lodge and C. V. Boys, and the large-scale discharge of the

lightning flash has been made to impress itself on the photo-
graphic plate. The results are known to all ; the conventional

zigzag "fork" appears to have no existence in nature. The
destructive effects of wind storms on buildings can also be
studied in photographs with an amount of accurate detail that
it would be impossible to represent by any other method ; and I

am informed by Mr. G. J. Symons that important conclusions

concerning the nature of the atmospheric movement have been
arrived at by the examination of such photographs.

Passing on to other applications of photography, it is obvious
that in geographical and ethnological exploration the camera
has become an essential part of the traveller's equipment. In
geology again the aid of the photographer has been called in,
and with such good results that a British Association Committee
has been called into existence, and has been doing excellent
work in collecting and registering geological photographs during
the last two or three years. In these photographs sections are
recorded with a fidelity which it would be impossible to equal
except by laborious sketching. Where time is an object, as in
the case of sections only temporarily exposed, the camera is

invaluable. Moreover, the value of .«uch photographs will
increase with time in the same way and for the same reason
as photographs of the starry heavens. For while the latter,
taken at the time of the present celestial survey, will, by
comparison with photographs taken in the far distant future,
reveal relative movements among the stars, the geological
photographs of the present period will by future comparison
with the localities registered fnrnish incontestable evidence of
the slow course of geological change.

In biology photography has been utilized with great ad-

vantage, and will no doubt become of still greater service in the
future. There is no reason why the dry plate, which has al-

ready largely superseded the eye in astronomy, should not also
relieve the eye of the microscopist. Many biological works
have been illustrated with great success by means of photo-
micrography, and even in purely systematic works, such, e.g.,
as Marshall and De Niceviile's "Butterflies of India," photo-
graphic illustration has been adopted with success. In studying
microscopic forms of life, where an evanescent phase of life-

history may be full of profound significance, the photographic
plate might well replace the eje in those cases where prolonged
and fatiguing observation has hitherto been found necessary.
The fleeting phases of expression, of such importance in com-
parative psychology, have been caught and fixed on the photo-
graphic plate with a natural fidelity that it would have been
impossible to attain without snch aid. Mr. Darwin's work on
"The Expression of the Emotions" was, as you are aware,
illustrated by photography even before the dry plate had been
worked up to its present exalted degree of sensitiveness.
The application of photography to the analysis of the move-

ments of animals has been made familiar through the remark-
able photographs which Mr. Muybridge has on many occasions
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brought under our notice in this country. Among other results

recently achieved, I need only refer to those wonderful pictures
of animals in motion, taken by Messrs. Marey and Anschiitz.
Such results as these are not only interesting illustrations of the

high state of perfection to which modern photography has been
developed, but they are of the highest value in elucidating the
mechanism of animal movement, and of the flight of birds.
The introduction of photography into this branch of animal
mechanics has led to a complete revision of pre-existing con-
ventional notions, and the indirect effect of such photographic
analysis of the phases of motion on the work of the artist is of
an importance that cannot be over-estimated.^

In the department of anthropology photography has served for

the faithful registration of race types, and Mr. Francis Galton's
method of composite portraiture is familiar to all. In his recent
studies of "finger marks" in tconnection with heredity, Mr.
Galton has alsoTound it indispensable to work from photographic
enlargements.

This imperfect sketch of the scientific applications of photo-
graphy might well be followed by a much more extended list of
its achievements in the domain of art. But I do not feel myself
justified in taking up more time in telling you what you already
know, and there are no doubt many present who are far more
competent to deal with this aspect of the subject than I am. I

cannot help thinking, however, that it would materially help
the cause of technical instruction in the desired direction if some
competent authority among you were to draw up a complete
statement of the benefits which have accrued to art, both
abstract and applied, by the introduction of photographic and
photo-mechanical methods.^
To all who are interested in the advancement of art and of

science, photography appeals, therefore, as a branch oftechnology
of the first order of importance ; in saying that it appeals to art
and to science for such recognition, it is evident that it appeals
to the nation at large. Even to the "pure scientist," who is

supposed to lose interest in a discovery as soon as it becomes
practical, i.e. commercial, this subject appeals for support, for
from the study of the photographic processes themselves many
important contributions to physics and chemistry have been
made, and still greater results may be expected to follow from
the investigations of scientific men in this direction. From its

purely practical side the claim of photography to be considered
as a branch of technology will receive additional support when
it is remembered how many distinct branches of manufacture it ,

draws upon, or has, indeeed, actually called into existence.
Consider how it is dependent on the optician for the manufacture
of lenses ; consider, again, the special branch of cabinet-

making and joinery which it has created in order to supply
cameras and other instruments ; remember, also, the boon
which photography has conferred upon the chemical manu-
facturer by the demand for fine chemicals which it has created.
Neither must it be forgotten that a new and by no means
unimportant development in the manufacture of paper, gelatine,
and albumen has arisen through the introduction ofphotography.
From every point of view, therefore, photography claims to

be placed on the same basis as other branches of technology.
The Photographic Society, I am happy to see, fully recognizes this

in the recent action which it has taken, and which is expressed
in the report of the Affiliation Committee. I consider this an
excellent move in the right direction. But it is easy enough for

the Society to recognize the technical importance of its own
subject ; the difficulty is to move public opinion, and to con-
vince the nation that we are behind other countries in this re-

spect. The first step is to draw up and circulate widely an
accc>i;nt of what is being done for photographic technical in-

struction on the Continent. I had intended when first invited
to lecture here, to offer some such statement, but I was glad to
read in a recent number of your journal that this task had been
undertaken by Mr. Warnerke, and I hope that some means will

be taken to bring his report under the notice of those interested
in technical education. It is clear from what has already been

attempted by this Society, and from the opinions which have
been expressed on all sides by those whose voices carry the

weight of authority, that nothing short of a Photographic
Institute will meet the requirements of the case. This I most

' Prof, dti Bois-Reymond deals with this in the address referred to.

Some of Prof. Marey's recent results are described in Nature, vol. .xlv.

p. 228.
^
Since the .ibove was written Prof. E. du Bois-Reymond's address to the

Royal Academy of Sciences of Berlin on the " Relation of Natural Science to

Art," has appeared in Natlre, vol. xlv. pp. 200 and 224.
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earnestly hope will be the end and aim of every movement made
by the Society. In the Cantor Lectures, which I had the
honour of delivering before the Society of Arts in the spring of
last year, I alluded to the absence of such an establishment in
this country as "remarkable

"
; before this Society I am tempted

to express myself more strongly, and to stigmatize its absence as
a national disgrace.
Of course we all have more or less distinct ideas of what the

functions of such an Institute would be. It is premature as yet
to speak of the details of an institution which exists only in our

aspirations. But whatever may be the final outcome of the
movement which has been started, the whole duty of such an
institution might be summarized in the statement that its work
would consist in spreading a knowledge of all that is known
concerning photography, and in investigating that which is un-
known. In other words, its duties would be, as in the case of
kindred institutions, teaching and investigating. Without wish-

ing in any way to intrude my opinions into the deliberations of

your Council, I thought that I might with advantage avail my-
self of the present opportunity of submitting my own views with

respect to this question of technical education in. photography.
In giving expression to these views I have in mind the con-
sideration that the remarks which I may apply to our special
subject apply to many other related technical subjects, and that
the course which may be adopted in the starting of such an
Institute as that which we all wish to see come into existence,

may have a wide and important influence on existing notions

concerning the whole question of technical education.
In the first place, then, let me express the hope that any

action taken by this Society in the direction of photographic
technology, will be of the highest possible character. This may
appear to you quite an unnecessary caution, but it involves a

question of principle which it is very important to ventilate.

After many years of apathy in this country, and after experiencing
the inevitable consequence that we were being beaten in many
branches of applied science by our Continental competitors, we
underwent a few years ago a kind of revival in technical educa-
tion. One outcome of this agitation was the foundation by the

City and Guilds of London of that Institute in whose service I

have the honour of being employed. It is not for me to dwell

upon the results which have flowed from the inauguration of that

Institute, but it is no exaggeration to say that the wave of public
opinion which raised it into existence is still surging throui^hout
the country. The last decade has witnessed the rapid multi-

plication of technical classes and colleges, the foundation of
technical associations, the growth of polytechnics, and last of

all, the diversion by the Government of the funds derived from
the beer and spirit duty in the direction of technical education.
The result of all this is that the means of technical education are

being spread broadcast throughout the land.
Now it is one of our national characteristics that when we

once wake up to the circumstance that we are behind other
countries in any matter afi'ecting our industries—or, I might say,
when we have this unpleasant truth brought home to us by the

superior workmanship or lower prices of our competitors
—we

are apt to seek remedial measures to recover our lost ground by
what might be called indiscriminate and impulsive rushes. I

am afraid that the technical education movement has, to some
extent, been of this impulsive character. I am not going to be
rash enough here to attempt to lay down any precise definition

of what is meant by technical education
;
but a few months ago,

the Duke of Devonshire, then Lord Hartington, made a speech
at the opening of the Storey Institute, at Lancaster, in the

course of which he said that technical education was not the

teaching of any particular trade or handicraft, but rather the

scientific principles underlying the trade or handicraft. I think

this fairly represents the opinions of those who have considered
the subject, and I hope that this definition will be borne in

mind in any movement which this Society may inaugurate.
If now we review the situation, it will appear that the general

spread of this educational movement may be taken as an indica-

tion that we intend to give battle to our competitors, and that

we look to technical education to enable us to carry on the

industrial campaign. So far so good ; but our competitors, be
it remembered, have been actively carrying on this branch of

education during our long years of apathy. We have taken up
our weapons rather tardily, and, as I just said, somewhat im-

pulsively, and if we hope for success it behoves us to examine
these weapons critically, in order to make sure that we are

fighting on equal terms. In other words, are we adopting the

best methods of technical education? This is the question
which should be put in the foremost place before any measures
can be taken by this Society in the much needed direction of

photo/raphic technology.
So far as concerns those technical subjects in which, as in

photography, chemistry is largely, if not entirely, the under-

lying science, I am bound to confess that the impulsive character

of the technical education movement to which I have referred,

may, if not properly directed, run us altogether off the right
track. One of the greatest functions of this Society would be to

prevent such a calamity by diverting the tide of public opinion
into the proper channel for its own particular subject of

photography. The ideal technologist is a man who possesses a

good general knowledge of the principles of those sciences

underlying his industry, together with an expert special know-

ledge of his own subject. The first step in the training of a

technologist is, therefore, to lay the broad foundation of general

principles, and then to erect'upon this foundation the super-
structure of special knowledge. You must understand that I

am attempting only to define an ideal technical training, having
more especial reference to those subjects connected with, or

based upon, chemical science. In the present state of affairs it

cannot be denied that there are large classes to whom this method
cannot be applied ; there are specialists in every industry who
know little or nothing of the scientific principles underlying
their occupation, and in such cases the method may have to be

reversed, and the instruction may have to proceed from un-

scientific specialism to scientific generalisation. But this

method is, in my belief, only a makeshift which it may be

expedient to adopt to meet existing
'

conditions— it is not

technical education in the strict sense of the word education,
but the tinkering up of a system which has been bad from the

beginning. It is only when we can deal with the student just

starting on his career as a technologist that the true method can
be applied ; as things are we have many years of tinkering work
before us, and it is to the rising generation of younger
technologists that the future industrial welfare of the country
is committed.
The danger ahead which threatens the true cause of technical

education appears to me to be this :

—The resources of the

country are being too much frittered away in the multiplication
of machinery for imparting elementary instruction, and the

higher specialisation which alone will save us in the end is

bemg crippled thereby. The elementary groundwork must be

laid, and this work, as far as it is being done, cannot be done
too well. But it is absurd to suppose that we shall recover our
lost position in any branch of industry by scattering broadcast a

knowledge of elementary science, and there leaving matters to

stand. A technologist is nothing
—at least in any of the subjects

with which 1 have had c )nnection—unless he has the means of

superadding more advanced specialisation to his general

grounding. So far as the chemical industries of this country
are concerned, a few highly-trained specialists are worth more
than an entire army of elementary certificated teachers or prize-
winners. We are expending so much energy over our foun-

dations that there is but little left for raising the superstructure.
We are arming our industrial fighters with weapons which are

as pop-guns compared with the heavy ordnance of our

competitors. Unless those who are responsible can be
made to see that the elementary training in general prin-

ciples is, in a large number of subjects, quite useless unless

the higher specialization is equally well catered for, we shall be
no better off in these branches of technology than we were
before. The elementary training bears to technology the same

relationship that the tuning of the instruments does to the

overture. There is a great deal of twanging and blowing going
on all over the country, but, as yet, comparatively few indica-

tions of a finished performance. There is enough money in the
hands of the County Councils at the present time to support
technical institutes adapted to local requirements on a scale

which would bear comparison with the polytechnics and technical

high schools of the Continent. If each county, or group of

counties, had its central technical institute, manned by compe-
tent specialists, then the elementary training might bear real

fruit, and we should look forward with greater hope to the result

of the campaign on which we have entered. It is not difficult

to see how the fight will end if we persist in blazing away with
this elementary small shot in response to the ponderous missiles

of our industrial competitors.
Out of the haze of generalities which I am afraid I have been
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led to inflict upon you, the central idea concerning the proposed
action of this Society I hope begins to loom with a more or less

definite form. It is not for you to add to the general tinkling of

small bells, but it remains tor you to bring together a strong
staff of expert ringers who can give us a good loud peal on the

chimes. You will, I hope, sooner or later, set an example in

technical education in your own subject
—which so admirably

lends itself to the purpose—which shall act indirectly on all

related subjects, by showing how much of the real work of techno-

logy begins after the elementary and advanced training have
been completed. The instruction imparted under the existing

arrangements is good as far as it goes, but from your point of

view it must be regarded as the means of supplying the raw
materials out of which the technologist of the future is to be
moulded. It is not your province to assist in the multiplication
of elementary classes, but to set the seal of efficiency on the

existing organizations.
I should have but little justification for addressing you as I

have did I not feel what a splendid opportunity lies before you
for raising the level of at least one important branch of tech-

nology. Siill less should I be justified in responding to your
invitation did I not offer some suggestions which may be of use

in furthering your object. The Photographic Institute, such as

we desire, would be an establishment thoroughly equipped for

the best practical instruction, well provided with appliances for

carrying on research in every department of the subject, and

having attached to it the most competent specialists in every
branch. The staff need not be numerous at first

;
a chemist, an

optician and physicist, an expert in photo-mechanical processes,
and an artist would represent the chief departments. Your
committee or governing body would know the right men to

select ; if they cannot be found in this country you may have to

go abroad for them. This course may appear ignominious, but
if it has to be adopted so much the better

;
it will bear practical

witness to the necessity of having the means of raising such men
in our own country. The ideal institute may be a slow growth,
but every effort should be made to establish it. The Photo-

graphic Society has already taken the initiative by proposing an
affiliation with kindred Societies. This scheme should be

energetically pushed forward, and every means adopted for

urging the importance of the claims of photography to have a

rec.ignized technological centre. I venture to think that an

impetus would be given to the movement if representatives of

the Camera Club, the Photographic Convention of the United

Kingdom, and of the numerous photographic Societies of the

metropolis were invited to another conference, such as was held
last year, but with the special object of forming a joint committee,
under whose authority a further appeal might be made for public
and private support. If only a moderate fund could be raised

at first, operations might be commenced. Surely the numerous
firms which have come into existence through the general intro-

duction of photographic processes, and the large body of wealthy
amateurs who practice the art as a pastime, might be sufficiently
interested in the movement to give it their support.

It only remains now to bring these suggestions to a practical
issue. We are such a very practical nation that unless some-

thing tangible is offered, the foundation of the Institute may be

indefinitely delayed ; as yet there is nothing of the kind in

existence—there is no organized work being done that appeals
directly to the patriotism and to the pockets of those to whom
you may legitimately look for assistance. But elementary photo-

graphy is being taught in connection with technical schools and
classes all over the country. A good beginning might be made
if under the auspices of the joint committee a few first-class

specialists were enlisted and authorized to give short courses of

demonstrations to those affiliated Societies or in those centres

which desired to receive such instruction. The local centres

might fairly be asked to make the necessary arrangements and
to bear the small expense of local organization ; the fund raised

by the joint committee would be well spent at first in defraying
the costs of a few special lectures. You may have some diffi-

culty in laying your hands on the right men for this work ; I

need hardly remind you that the whole success of this initial

movement would depend upon your sending only the most

highly qualified specialists. You must have men who can teach

the teachers and convince practical photographers that under-

lying the practice of their art are broad scientific principles
which it is their interest to know something about. These pre-

liminary peripatetic courses must be regarded in the light of

missionary efforts, having for their object not the multiplication
of photographic operators, but the awakening of the elementary
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and advanced student to the higher aspects of their subject. It

is desirable to have this function of the lectures well understood
at the outset ; the experts who are entrusted with this work will

know well enough that it is impossible to make a technologist
out of a student, however enthusiastic he may be in his subject,

simply by giving him a course of lectures.

If the system of itinerant instruction which I have suggested
can only be fairly started, even on a small scale, one important
function of the Institute will have been inaugurated. It will

have a claim upon the practical educationalist as a teaching
body ; it will appeal more specifically to the promoters of

technical education and to those public bodies which have

voluntarily or by Act of Parliament identified themselves with
this movement. It is certainly discouraging

—I may say dis-

creditable—when we see the magnificent scale on which the

photo-technical Institutes of Berlin and Vienna have been
founded and equipped, that in this country, whatever the

importance of the subject, public recognition and support come

only after success has been achieved by private enterprise. I

am afraid you will have to reckon with this national charac-

teristic, which, although retarding advancement in many direc-

tions, is so far good that it calls forth the most strenuous

exertions to insure success at the outset of every new movement.

Upon the success of your first small undertaking will depend the

larger ultimate success which we all look for.

One other suggestion occurs to me which may help to

strengthen your hands. I have said that instruction in photo-

graphy is already being given in many technical schools ; this

instruction is more or less of an elementary character. It seems
feasible to combine with the proposed courses of special lectures

a system of inspectorship which might be carried out by the

same staff. Your lecturers would be recognized experts, capable
of advising such schools as to methods of teaching and of co-

operating wiih local centres in the selection of the most highly

qualified teachers. I am sure that most centres would be only
loo glad to avail themselves of the knowledge and experience
thus placed at their service. If you begin operations on these

lines at first—if you can carry on this combined system of

skilled teaching and inspection successfully for a few years,

your claim for permanent establishment and endowment as a

Photographic Institute cannot but receive that support from

public bodies to wliich your educational efforts will have entitled

you, and which in other countries is given by the titate.

UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Oxford.— Commencement of Hilary Term.—The usual

notices are being issued this week to undergraduates to come
into residence the end of next week, full term commencing
February 8. The notices state that Hilary Term will be of the

usual length
—

eight weeks. Residence for Easter Term will

begin on April 22. The dates for the examinations in Hilary
Term have been fixed as follows : Preliminary in Natural

Science, March 14 ;
First Public Examination for Honours in

Classics, March 17 ; Responsions, March 31.

It has been stated that this is the first time the date of the

commencement of Term has been postponed by reason of an

epidemic since the date of the Great Plague in the seventeenth

century, when a whole term was abandoned.
The Senior Mathematical Scholarship has been awarded to

Mr. A. E. Jolliffe, B.A., late Scholar of Balliol and Fellow of

Corpus Christi
;
Proxime Accessit, Mr. R. C. Fowler, B.A., of

New College, to whom the examiners have awarded Lady
Herschel's Prize for Astronomy. Mr. H. H. Piggott, Corpus
Christi, was awarded the Junior Mathematical Scholarship;
and to Mr. H. A. Pritchard, of New College, the Junior
Mathematical Exhibition.

Cambridge.—Mr. F. W. Dyson, B. A., of Trinity College,
bracketed Second Wrangler, 1889, and Smith's Prizeman, 1891,
has been elected to the second Isaac Newton Studentship,
tenable from April 15, 1892, to April 15, 1895.

Mr. J. H. Flather, late Master of Cavendish College, has

been appointed Assistant- Secretary for the Local Examinations.

An Exhibition of fifty guineas a year is offered by the Cloth-

workers' Company for proficiency in physical science. It is

tenable for three years by a non-collegiate student of Oxford or

Cambridge. Application is to be made to 'the Censor, Fitz-

william Hall.

An influential syndicate has been appointed to obtain plans-
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and estimates for the erection of the Sedgwick Memorial
Museum of Geology on a site within the Old Botanic area, con-

tiguous to the new Chemical Laboratory.
Dr. Forsyth, F.R.S., is appointed an additional member of

the Mathematical Board for one year.
In consequence of the lamented death of Sir George E. Paget,

Sir G. M. Humphry and Dr. D. MacAlister have been ap-

pointed to act for the Regius Professor of Physic, in reference to

Acts for medical degrees during the vacancy in the professorship.

SOCIETIES AND ACADEMIES.
London.

Mathematical Society, January 14.
—Prof. Greenhill,

F.R. S., President, in the chair.—The President drew the atten-

tion of the members present to the loss the Society had sustained

by the recent death of Prof. Kronecker, who was elected an

honorary member on January 14, 1875.
— The following com-

munications were made:—The harmonic functions for the ellip-

tic cone, by E. W. Hobson. The harmonic functions for the

circular cone were introduced by Mehler ;
an account of them is

given in Heine's Kugelftinctionen. \\\ this communication the

more general functions are considered, which are required for

potential problems connected with the elliptic cone. It is shown
that the normal functions are of the form

slr^
{p log r) . A(m) B(,/),

where r is the radius-vector, and /u, v are elliptic co-ordinates,
the functions A, B satisfying differential equations which differ

from Lame's equation only in having
-

\ -V ps - i instead of ti
;

thus the functions A and B are Lame's functions ofcomplex degree.
The forms of these functions as required for the potential prob-
lem are considered, and some examples of their application are

given.
—Some theorems relating to a system of coaxal circles, by

R. Lachlan. This paper is based on a suggestion contained in a

short note by Dr. A. S. Hart in the Quarterly Journal {yo\. ii.

p. 143), who indicated a simple and elementary method of ob-

taining Poncelet's theorem. In the present paper this method
is discussed in detail. Poncelet's theorem may be thus stated :

If A-i^, A 2, A^, Ai, . . . A,I, be 71 points taken in order on the

circumference of a circle S, so that any {n
-

i) particular con-

nectors of the polystii^m A^A^ . . . A,i touch fixed circles coaxal
with S, then the remaining connectors of the figure will envelop
circles tvhich belong to the same coaxal system. If now S^, ^ de-

note the circle which is touched by the chord A^A„ it is proved
that if (;/

-
l) connectors of the polystigm touch any («

-
i) of

the circles Sj, 2. Sj, 3,
. . . ,

. . . S«_:, «, the remaining con-

nectors of the polystigm will envelop the remaining circles.

A few special cases are then discussed, among which the most

interesting is the case of 2« points Aj, A.j, . . . Aj;,, taken in

order on a circle S, so that the chords AjAo, A.2A3, . . . Aj^Aj,
touch another circle S' : it is then proved that the n chords

AiA;,+i, AjAn+a, . . . A„A2«, must intersect in a limiting point
of the circles 8 and S', and that the remaining 2«(« - 2) con-

nectors may be divided into («
-

2) sets of in, each set being
tangents to a circle coaxal with S and S'. Further, it is proved
that the 2«(« -

i) connectors which do not intersect in the

limiting point may be arranged in n{n -
i) pairs, each pair

touching two circles of the system.
—Note on the formula for

the number of classes of binary quadratic forms of a given
determinant, by Prof. G. B. Mathews.—Researches in the

calculus of variations (third paper), by E. P. Culverwell.—Mr.
E. B. Elliott, F. R. S., made a short oral communication on a

generalization of De Morgan's method of duality in partial
differential equations. He exhibited schemes of linear substitu-

tion for one set of variables in terms of another set of first

derivatives, which have the self-dual property, discussing the

cases of two and of three independent variables.—Major Mac-
Mahon, F.R.S., mentioned the

"
stamp- folding

"
problem, at

which Prof. Schoute, of Groningen, has been working. For a

strip of stamps (one stamp width), the following results, when
the strip is folded so that the face (or back) of one stamp only is

exposed, were given : (i) = i, (2) = 2, (3)
= 6, (4) = 16,

(5)
= 50, (6) = 144. (7) = 462, (8) = 1398 (?), (9) = 4527- For

squares, the results given were (2) =8, (3)
= 296, (4)

= 13007 (?).

(9) is found to give more than 2^ billions. The law of formation
of the numbers is sought.

—Messrs. Basset, Love, Kempe,
Hobson, Prince C. de Polignac, and the President spoke upon
the papers.
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Linnean Society, January 21.—Prof. Stewart, President,
in the chair.—On a motion by the President, it was unani-

mously resolved that an expression of respectful sympathy should

be conveyed to Her Majesty the Queen, and to H.R.H. the

Prince of Wales, on the loss sustained by the death of H. R. H.
the late Duke of Clarence and Avondale.—Mr. M. F. Wood-
ward exhibited microscopic sections illustrating the develop-
ment of the teeth in the Marsupialia. He drew attention to

Prof. Kiikenthal's recent discovery of supposed rudimentary
successors in all the teeth, thus showing that the adult set of

teeth must be regarded as belonging to the first or milk series,

and not, as generally supposed, to the second or successional

dentition. These statements he was able to confirm for the

incisors and second upper molar of Didelphys. In the

Phalanger {Trichosaiirus) he found no trace of these structures

in connection with the molar teeth, but they were present
with the upper incisors. In no case did these rudimentary
successional teeth pass beyond the condition of simple down-

growths from the enamel organs of the functional teeth.—Mr.

J. W. Willis Bund exhibited a supposed hybrid between the

common and red-legged partridges, but in the opinion of

ornithologists present it was regarded as merely a variety of the

former species.
—Mr. J. C. Mansel Pleydell exhibited a pair of

malformed horns of the roebuck found at Whatcombe, Bland-

ford, Dorset, their peculiar growth resulting from exostosis con-

sequent upon injuries sustained while in the sensitive condition.—Mr. D. Morris communicated some further notes upon the

tick-pest of Jamaica, upon which an animated discussion took

place.
—A paper was then read by Mr. F. E. Weiss "on the

development of the caoutchouc containing cells of Eiicommia

ulmoidcs, Oliver." He found that the bark and leaves of this

tree, used medicinally by the Chinese, and called by them "Tu-
chung," contain numerous elastic threads of silky appearance,
which proved to be of the nature of caoutchouc. They are con-

tained in long, unbranching cells, somewhat like latex cells,

which are found in the cortex and in the secondary phloem,
and accompany in large numbers the ramifying bundles of the

leaf and the pericarp. Unlike the ordinary latex cells, they are

not derived from specialised cells of the embryo, but originate
in all new growths, and can be seen forming in the cortex, the

pith, and the parenchyma surrounding the bundle of the petiole.

They originate in twos, by longitudinal division of a very
granular cell, both daughter cells growing out at their two
extremities into a long tube, which makes its way along the

intercellular spaces by sliding growth. They never contain more
than one nucleus, and the large granules of caoutchouc, which
soon make their appearance, finally coalesce into a single solid

mass, which has, when the tissues are broken, the appearance
of a silky thread. Mr, Weiss regards these cells as a primitive
form of latex cells, similar to those from which the more
elaborate ones of the ordinary Euphorbiacece may have been
derived.—The meeting was brought to a close with a paper by
Dr. Jean Miiller on the Lichens of Manipur.

Royal Meteorological Society, January 27.
—Annual

General Meeting.— Dr. VV. Marcet, F.R. S., Vice-President, in

the chair.—The Report of the Council for the past year showed
the Society to be in a very satisfactory position. In May the

library and offices were removed to more commodious premises
at 22 Great George Street. After defraying the cost of fitting

up the new offices, and the increased rental, there still remained
a balance in hand of £224^. Thirty-four new Fellows were
elected during the year, the total number on the roll of the

Society now being 552. Owing to the absence of the President,
Mr. Baldwin Latham, through an attack of influenza, his

address on '*

Evaporation and Condensation " was read by the

Secretary. The question of evaporation is of as great im-

portance as the study of the precipitation of water on the face
of the earth, as the available water supplies of the country
entirely depend upon the differences between these two sets of
observations. The earth receives moisture by means of rain,

dew, hoar-frost, and by direct condensation. It loses its

moisture very rapidly by evaporation. Although evaporation
mainly depends upon the difference between the tensional force
of vapour due to the temperature of the evaporating surface,
and the tensional force of the vapour already in the atmosphere,
yet it is largely influenced by the movement of the air and by its

dryness, or the difference between the dew point and the actual
air temperature. Evaporation goes on at night so long as the
water surface is warmer than the dew point. With sea-water the

. evaporation is ^bout 4^ per cent, less than with rain water, while
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with water saturated with common salt the evaporation is 15 per
cent. less than with rain water. In his experiments Mr, Latham
used an evaporating gauge made of copper, i foot in diameter,
and containing i foot in depth of water, which was floated by
means of a hollow copper ring placed 6 inches distant from the

body of the evaporator, and attached to it by four radial arms.

This form of evaporator was found extremely convenient in

carrying on all evaporation experiments ; it was floated in a

tank 4 feet in diameter, containing 30 inches depth of water.

During the period of thirteen years, from January 1879 to

December 1891, this evaporator has never once been out of

order, or been interfered with in the slightest degree by frost.

Experiments were made with some 5-inch evaporators as to the

effect of colour on the amount of evaporation, one being painted
white, another black, and the results given by these gauges were

compared with a copper gauge exposed under similar conditions.

This comparison was the means of showing that the greatest
errors in evaporating gauges arise from the capillarity of the

water rising on the sides of the gauge, and thus inordinately in-

creasing the amount of evaporation. Consequently a small

gauge having a larger amount, in proportion, of side area than

a larger gauge, gives a very much greater amount of evaporation.
The results from the floating evaporator, i foot in diameter,
show that the average amount of water evaj)orated annually
during 1879-91 was 19948 inches. It was found, however,
that, as a rule, during the period from October to March, there

were certain occasions when condensation was measured. The
amount of these condensations in thirteen years averaged "308
inch per annum. The 5-inch evaporating gauge, freely exposed
to atmospheric influences, gave during the same period (1879-91),
an average annual depth of evaporation equal to 38 "185 inches.

The average annual evaporation, during the three years 1879-81,
from the 5-inch copper gauge standing in water was 27 '90

inches, from one painted black 22*97 inches, and from another

painted white 21 "74 inches, whilst a gauge of the same dimen-

sions, freely exposed in the atmosphere, gave, in the same

period, 36'96 inches, and the i foot floating evaporator, 19 40
inches. The 5-inch copper gauge gave a larger amount of

evaporation than the gauge painted black,—Mr. Latham next

described some percolation experiments which were carried out

by Mr, C. Greaves at Old Ford, by Messrs. Dickinson and Evans
at Hemel Hempstead, and by Sir J. B, Lawes and Dr. Gilbert

at Rothamsted, He then detailed the results of his own ex-

periments, and also the gaugings of the underground waters in

the drainage areas of the rivers Wandle and Graveney, He
further stated that in the course of his observations on the flow

of underground water, he had observed that at certain particular
seasons of the year it was possible to indicate the direction and
volume of the flow of underground streams, even when they
were at a considerable depth, owing to the formation of peculiar
lines of fog,

—Dr. C, Theodore Williams was elected President

for the ensuing year.
Paris,

Academy of Sciences, January 26.—M, Duchartre in the

chair.—On the properties of the loxodromics of a cone of revo-

lution, and their application to the conical spring, by M, H,
Resal,—Kesttme o{ %o\ax observations made at the Royal Obser-

vatory of the Roman College during the last quarter of 1891, by
Prof. Tacchini. Spots and faculse show a slight diminution
when their frequency is compared with that of the preceding

quarter. On no day, however, has the sun been observed free

from spots.
—Experimental study of the decimal equation in

transit observations, made at Lyon Observatory, by MM. Andre
and Gonnessiat.—On a real algebraical curve with constant

torsion, by M. E. Fabry.
—On the characteristic equation of

water-vapour, by M. Ch. Antoine. The author shows that the

weight, ffi, of a cubic metre of water-vapour at a temperature t,

and under a pressure H, is given by the relation

19-9H

278 -
0-3656 -t- t^

in which represents the temperature of the vapour at satura-

tion under the pressure H.— Remarks on the subject of the

experiments made by M. Gouy on the difference of potential

produced by contact, by M. H. Pellat,—On Hertz oscillations,

by M, A. Perot, In a recent work {Wiedemann^ Ann., xliv.

pp. 74 and 92) Bjerknes shows that the oscillations of electro-

motive force produced in a conducting wire by Hertz's

method ought to be represented by the equation
—

JB =

Y = Ke-<t-0),
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M. Perot finds that the formula proposed is supported by ex-

periments.
— On aplanatism, by M. A, Broca.-—The estimation

of molybdenum, by M. E. Pechard, The compound contain-

ing the molybdenum is heated in a current of HCl, when
M0O3.2HCI volatilizes, is collected, dissolved in water, with
the aid of nitric acid if any of the blue reduction compound is

formed, and the solution evaporated to dryness ; the molybdic
acid is then weighed.

—On the stereochemical constitution of

diacetyltartaric acid, by M. Albert Colson.—On some soluble

colouring-matters produced by bacteria in medicinal distilled

waters, by M. L. Viron. — On the existence of nitrification phe-
nomena in media rich in acid organic substances, by M. E.

Chuard.—Ammonia in rain-water and in the atmosphere, by
M. A, Muntz.—In a former paper the author stated that the

rain-water of tropical regions was richer in ammonia than that

of temperate climates. This conclusion was combated by M.
Levy, who showed that the proportion of ammonia in rain

caught at Montsouris was greater than that recorded by M.
Muntz. The latter gentleman now points out" that the observa-

tions made at Montsouris, or near any populous district, do not

furnish proper criteria for the judgment of his first statement.—
Earthworms and the bacilli of tuberculosis, by MM. Lortet and

Despeignes.
—On the inoculation ol dourine, by M, Ed. Nocard.

—Researches on the nervous system of Crustacea, by MM. F.

Jolyet and H, Viallanes.—On the pelagic fauna of Dyrefjord
(Iceland), by M. G. Pouchet.—On an elliptical halo observed

around the moon on January 14, 1892 ; extract from a letter

addressed to M. Coinu by M. Hamy.

BOOKS, PAMPHLETS, and SERIALS RECEIVED.
Books.—L'EvoIution Sexiielle dans I' Espece Humaine : Dr. H. Sicard

(Paris, J. B. Baillicre).
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T. H. Huxley (Paris, J. B. Baiiliere).
—Report on the Scientific Results of

the Voyage of H.M.S Challenger; Deep-Sea Deposits (tyre and Spottis-

woode).—Treatise on Chemistry, vol. iii. Part 6 : bir H. E. Roscoe and C.

Schorlemmer (Macmillan).
Pamphlets.—Guide to the Examinations in Chemistry and Answers to

Questions: W. J. Harrison (Blackie).
—Guide to the Examinations in

Geology and Answers to Questions : W. J. Harrison (Blackie).
Serials.—-The London and Middlesex Note-book, vol. i. No. 4 (Stock).—Bulletin de TAcadeniie Royale des Sciences de Belgique, No. 12, tome

22 (Bruxelles).
—Quarterly Journal of the Geological Society, vol. xlviii.

Part I, No. 189 (Longmans).—Rendiconto dell' Academia dell* Scienze

Fisiche e Matematiche (Sezione delta Societa Reale di Napoli), January-
December 1891 (Napoli).
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THE VACANT CHAIR OF ASTRONOMY AT
CAMBRIDGE.

OUR Note of last week has brought us several com-
munications with regard to the Chair of Astronomy

rendered vacant by the lamented death of Prof. Adams.
Before the note was written only certain names had
reached us

; but since then we have heard from the Rev.
A. Freeman that he is a candidate for the Chair, and
he has also been good enough to forward to us copies
of papers on astronomical subjects which he has com-
municated to the Royal Astronomical and the Cambridge
Philosophical Societies. We are very glad, therefore, to

comply with what we presume is his desire that we
should state that he is a candidate.

The other communications to which we refer are of

more general interest, as they raise questions almost of

national importance. We are informed, for instance,
that it has been suggested that the Observatory should
be disconnected from the vacant Chair. That is the first

point. Another is that there is an idea prevailing at

Cambridge that in such a subject as Astronomy the

Professorships may be well regarded as honourable

rewards or pensions to men who have rendered the

University service as College tutors, or who have spared
the professors and tutors labour by acting as coaches,
the contributions these gentlemen may have made to

astronomical science being considered as a matter of

secondary importance.
With regard to the first point, we believe it will be

generally conceded—it certainly will be conceded by those

who know anything about the organization of that land of

Universities, Germany—that an astronomical Observa-

tory must take exactly the same place with regard to

astronomy as physical, chemical, and biological labora-

tories do with regard to the sciences for which their aid

is now regarded as essential, even at Cambridge. It should

be clear, therefore, that in an University which professes
to teach astronomy —to say nothing of that University
rendered illustrious by the name of Newton—it would be

as impolitic and as stupid a thing to dissociate the physical

laboratory from the Professorship of Physics, the chemi-

cal laboratory from the Professorship of Chemistry, and
the biological laboratories from the Professorships of

Biological Science, as it would be to sever the astrono-

mical Observatory—which in a University should always
be a laboratory as well—from the subject of astronomy.
And we confess it does not seem possible to us that such

a step can be seriously contemplated ;
but certainly^

were it done, the University would become a laughing-
stock ; and more than this, Cambridge would be revers-

ing its scientific history. As far back as 1704, the

Plumian Professorship of Astronomy was founded for

the promotion of practical astronomy, especially to de-

scribe the parts and uses of astronomical instruments,
and to prove and exemplify the mathematical formulae

required in the reduction of observations. It is worth

while to point out that the wisdom of this foundation is

proved by the fact that this is exactly the basis on which

the astronomical subjects are generally treated in the

German Universities. Take, for instance, the Observa-
,
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tory at Leipzig. Prof. Bruns lectures to his students for

four hours a week on the parts and uses of astronomical

instruments and the cognate subjects ; and, in addition to

these, the mathematical treatment required in the reduc-

tion of observations and in ordinary computations are

included in a separate course of instruction of two hours
a week, and the students of both these courses join in

the work of the Observatory, and are glad to do it.

W^e do not know whether the terms of Dr. Plume's be-

quest are still adhered to by the present Plumian Professor

of Astronomy, but there is no doubt that it was in rela-

tion to the work so definitely laid down for this Chair that

the Cambridge Observatory was established ;
and it is a

matter of history that, when Prof. W'oodhouse was suc-

ceeded in 1828 by Airy as Plumian Professor and Director

of the then newly-erected Observatory, his work in

the direction laid down by the foundation marked an

epoch in modern astronomy. There are few first-class

Observatories in the world at the present time in which

the method of publishing adopted by Prof. Airy for the

Cambridge Observatory is not followed with faithful

accuracy, and let it be mentioned that all of the work,
down to the minute computations and even the copying,
was done by Airy himself.

During the tenure of the Lowndesian Professorship by
Adams, the Observatory was separated from the Plumian

Professorship and transferred to the Lowndesian, and this

represents the present condition of things.

It is perfectly obvious, from what has been said, that to

transfer now the Observatory from both the Professor-

ships would be to run counter to the past history of

Cambridge. It should be equally clear that this among
many bad results might, in all probability, follow. The
modicum of astronomy in the general sense now taught
at Cambridge would be taught by men who, by the

absence of material means, would not only be incapaci-

tated from teaching the subject properly, but even from

learning the new developments of it. The Professorship

might soon become an intensified sinecure
;
while the

Director of the Observatory, who would be the only one

in the position of being able to learn, would yet, by the

conditions of the problem, not be in a position to teach.

We now come to the second point
—that relating to

the astronomical qualifications of those who are candi-

dates for the Chair. We cannot believe that this present

year of grace
—with a new astronomy breaking in upon us on

all sides by the introduction of physical inquiries, experi-

mental work, application of new instruments, and the

like—can be a good time for dispensing with a practical

acquaintance with the subject among the candidates for a

Chair of Astronomy at Cambridge or anywhere else.

The subject, indeed, is one in which we are at present

scarcely holding our own, while America and Germany
are spending hundreds of thousands of pounds for the

new equipments necessitated by the new methods. Surely

Cambridge cannot be content that the Professor appointed
is to be absolutely ignorant of the material equipment of

the science ;
that he shall have no instruments to demon-

strate to his students ; nay, that he may not know one end

of one from the other, and at the same time be rather

proud that it is so, on the ground that contact with masses

of metal might probably irrterfere with the purity of the

conceptions of his mathematical mind.

Q
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It is, of course, agreed by everybody that there are

mathematical investigations required in astronomy which

can be, and have been, brilliantly carried out without the

use of astronomical instruments. Looming large among
these are tables such as those produced by Leverrier,

Newcomb, Hansen, and many others that might be

named
;
and were there at present among us a man who

was distinguishing himself in such investigations, it might,

under certain circumstances, be permissible to waste an

Observatory by placing him at the head of it. But

these are not the present circumstances. As it is, although

England and Cambridge have made noble contributors

to astronomy in the past, at the present moment there is

no such man. The raw material produced by Greenwich

is worked up abroad, and reimported for home consump-
tion

; while, on the other hand, the number of Observa-

tories and Astronomical Chairs in this country is so

small, that there are no inducements to an astronomical

career, so that astronomy bids fair to be soon an extinct

profession.

This is why we believe that it is essential, to save the

situation, that astronomical professorships should be

conferred upon astronomers, and that the existing Obser-

vatories should be saved from becoming sleepy hollows

for mathematicians, however distinguished, who have

given no hostages to fortune in the shape of noble

astronomical work achieved.

The recent gift to the University by the late Mr. R. S.

Newall even suggests that the present time might be

taken advantage of to extend the present Observatory
—if

by no other means, then by a national subscription
—so

that it may become an institution as important for the

promotion of astronomy as the Cavendish Laboratory, and

others which might be named, are for the sister sciences.

We believe that there would be a general enthusiasm to

contribute towards a building which should be a national

memorial to Newton and Adams in the University which

they have rendered illustrious by their labours
;
and if

such a consummation could be aided by the suppression
or suspension for a time, of one of the existing Chairs, we
believe that the Cambridge authorities would have public

opinion with them. We do not think that the number of

astronomical students is now very great, or that the

classes of the Plumian Professor are inordinately large ;

probably, therefore, no inconvenience would be caused

by such a temporary suspension, while the gain to science

and to the University would be permanent.
Editor.

THE CA TALOGUE OF SCIENTIFIC PAPERS.

Catalogue of Scientific Papers (1874-83). Compiled by
the Royal Society of London. Vol. IX. (Cambridge :

University Press, 1891.}

THE Royal Society's
"
Catalogue of Scientific Papers,"

of which the ninth volume has just appeared, is the

outcome of a movement which dates back nearly forty

years. At the Glasgow meeting of the British Association

which was held in 1855, a communication from Prof.

Henry, of Washington, was read,
"
containing a proposa

for the publication of [a catalogue of] philosophical memoirs
scattered throughout the Transactions of Societies in
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Europe and America, with the offer of co-operation on
the part of the Smithsonian Institute." This proposal
was referred to a Committee consisting of Mr. Cayley,
Mr. Grant, and Prof, fnow Sir Gabriel) Stokes

; and
their report was presented next year at the Cheltenham

meeting of the Association. The scheme set forth in this

report was that of a catalogue embracing only the mathe-
matical and physical sciences, but comprising a subject

catalogue as well as a catalogue according to the names
of authors. There were to be paid editors,

"
familiar

with the several great branches respectively of the

sciences to which the catalogue relates," and the work
was to include, besides Transactions and Proceedings of

Societies, journals, ephemerides, volumes of observations,

and "
other collections not coming under any of the pre-

ceding heads."

In this form the scheme came before the Royal Society
in March 1857, General Sabine having requested, on the

part of the British Association, the co-operation of the

Society in the undertaking. The scheme, after the" usual

amount of discussion in Committees and Councils, at

length got upon its feet, walking, however, at first, in a

wary and tentative manner. It was narrowed to a

manuscript catalogue, the question of printing being
deferred ; it was to be a catalogue of periodical works in

the Royal Society's library only (though it may be re-

marked, by the way, that that library is particularly rich

in scientific serial literature) ; the suggested American

co-operation, moreover, was dispensed with, and the

work undertaken at the Society's own charge. In one

important respect, however, the scheme was greatly

widened, for the idea of confining the Catalogue to the

mathematical and physical sciences, which had been put

forward in the report to the British Association, was

thrown overboard, and it was wisely decided "
that all

the sciences should be comprehended." The tentative

restrictions were, of course, finally relaxed. It was re-

solved to extend the indexing to works in other libraries

not contained in the library of the Royal Society ; and in

1864, when the question of printing had to be faced, it

was decided to offer the Catalogue to Government for

publication.
The cost to the Society of compiling the material for

the first series of the Catalogue was considerable, and

many of the most eminent of the Fellows had spent no

small amount of time, not only in superintending the

progress of the work at home, but in corresponding with

Academies abroad, with the view of making the list of

serials to be catalogued as complete as might be. It was

therefore with some reason that the Lords of the Trea-

sury, in resolving to print the Catalogue at the public

expense, stated that they had regard
" to the importance

of the work, with reference to the promotion of scientific

knowledge generally, to the high authority of the source

from which it comes, and to the labour gratuitously given

by members of the Royal Society for its production."

The printing of this first series of the Catalogue

covering the scientific serials from the year 1800 to 1863,

was commenced by the Stationery Office in 1866, seven

Fellows of the Royal Society undertaking to read the

proof-sheets gratuitously. The sixth and last volume of

the series, completing the alphabet, was issued in 1872.

It is in the nature of such an undertaking that it never
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comes to an end, and no sooner is Z reached than the

compiler has to begin again at A. An additional decade

of serials, embracing the years 1864-73, containing about

99,000 titles, and filling two additional quarto volumes

(vols. vii. and viii.), was completed in January 1876, and

published by Her Majesty's ^Stationery Office in 1879.

But now the troubles of the Royal Society began. The
work of the next decade went steadily forward

; but as it

neared completion it was found, so rapidly does the bulk

of scientific serials increase, that, even keeping the Cata-

logue on the old lines, and making no considerable addi-

tion to the number of serials catalogued, ten years of

memoirs, which formerly filled two volumes, would now
fill three ; and, to add to the difficulty, the Treasury now
informed the Society that the " '

Catalogue of Scientific

Papers
' would not be continued as a publication of the

Stationery Office." Parliament voted, however, a gift

towards the charges of publication, and this, supplemented
by the Royal Society's own funds, and the enterprise of

the Cambridge University Press, has enabled the decade
to be printed.

So much for the past of the Catalogue ;
and now a

word as to its future. The preface to the volume under

review states—what we have hinted at above— that the

list of works catalogued "by no means comprises the

whole of the scientific periodicals which at the present

day are being constantly published in various languages."
We believe it is no secret that the Committee of the

Royal Society who have the superintendence of this

great work have themselves printed and distributed

among the Councils of various scientific Societies, for

revision or additions, a list of no less than 540 addi-

tional serials, which may, might, should, or could Ije

catalogued, so far at least as regards the principal
memoirs which they contain

;
and it is well known to

every scientific man how rapid is the multiplication of

scientific serials, and how increasingly difficult becomes
the task of keeping oneself acquainted with their con-

tents. We are glad to learn, from the preface already

quoted, that " the President and Council have it in con-

templation to issue a supplementary volume, in which
will be catalogued all the most important papers that

have appeared from 1800 to 1883 in periodicals not

hitherto indexed." We wish them well through their

task, only venturing the gentle hint,
" Bis dat qui cito

dat." Nothing is said in the preface about future decades,
but we sincerely trust that, notwithstanding the alarming
increase of periodicals and the unfortunate withdrawal

of Government aid, some means will be found for con-

tinuing the work : perhaps a hint might be taken from

the British Association Report which initiated the whole

undertaking, and by which it appears that America was

willing to help.

One other matter needs to be mentioned—the im-

portant matter of a subject-index. uch an index, as we
have already stated, formed apart of the original scheme,
and as certain correspondence in our own columns (vol.

xli. p. 341 ;
xlii. p. 126) would seem to show, the Royal

Society, though they have not yet seen their way to under-

take it, still bear this great desideratum in mind. The

undertaking was perhaps nearer than at any other time to

being actually set on foot, when, in 1870, Dr. Carus visited

London, and actually spent some weeks at the Royal
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Society's apartments in planning and making specimens
of such an Index Rerum. Unfortunately, the Franco-
Prussian War prevented the return of Dr. Carus to London
as had been arranged, and the work was never continued.

How difficult such an undertaking is, perhaps few fully

understand, i-equiring as it does, at the very threshold of

the work, a complete and perfect classification of all the

sciences, and involving, moreover, all kinds of difficult

questions and perilous cross-divisions. But, difficult as

it is, we trust that, to the great advantage of science, and
the true

"
promotion of natural knowledge,"' the Royal

Society may yet accomplish a work so greatly needed.

X.

THE ANEROID IN HYPSOMETRY.
How to Use the Aneroid Barometer. By Edward
Whymper. (London: John Murray, 1891.)

IN
undertaking a somewhat laborious investigation of

the behaviour of the aneroid under great variations

of pressure, and in publishing the results in the little

pamphlet that bears the above title, Mr. Whymper has
rendered a service to travellers and geographers, which

they will acknowledge not the less cordially that it

brings with it the bitter reflection that very much of

their past work in determining mountain heights by
means of that convenient instrument, is probably seriously
in error.

All who have had any experience in testing aneroids
in the usual way, viz. by subjecting them to gradually
reduced pressures under the air-pump, and comparing
their readings with the concomitant indications of the

manometer, are aware that the variations of the two
instruments with falling and then with increasing pres-
sure are by no means concordant

; but it will probably
be new to most that, when the aneroid is allowed to

remain for some weeks under the reduced pressure, its

indications continue falling, and to such an extent that

its final error in certain cases is five or six times as great
as when the exhaustion was first completed. Now this

is precisely the condition experienced by travellers on

high plateaux or great mountain tracts, where days or

perhaps weeks are passed at altitudes of many thousands
of feet above the sea-level. The instrument on which

they rely for their elevations has been undergoing a rapid
and not inconsiderable fall, which is merely an after-effect

of the ascent already accomplished and recorded
;
and if,

after returning to low levels, some weeks elapse before they

again compare it with a mercurial standard, the whole of

this accumulated error will have disappeared, and it

may even have been replaced by an error in excess of

the original reading. The Kew certificate of the
aneroid's performance will afford no clue to its detection,
and the elevations they have determined during their

sojourn at high levels will be uniformly in excess of the

truth.

It was an experience of this kind on the high plateau
of Ecuador that first drew Mr. Whymper's attention to this

peculiarity in the behaviour of the aneroid. But he was
not working in the dark. Together with a battery of

aneroids he carried with him a mercurial barometer, and

by dint of frequent comparison with this standard, he was
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enabled to follow the erratic variations of the former in-

struments through all the changes of pressure to which

they were subjected in the course of his travels. Armed
with this experience, on his return to London, he under-

took a series of systematic experiments, not only with

the instruments that he had used on the Andes, but also

with a large number furnished for the purpose chiefly by
Messrs. Hicks and Casella. These were subjected to

conditions which reproduced as nearly as possible those

experienced on the journey, and their behaviour was

noted under all the varying circumstances. The results

of these experiments were that all aneroids, when brought
under a low pressure, continue falling for four or five

weeks, and in some cases longer ; that the amount of the

total fall varies greatly with different instruments ; and

that, in general, two-thirds of the fall takes place in the

first week. Mr. Whymper says :

"
I have seen the index

error of an aneroid grow to as much as four inches; in

several instances there have been alterations of more than

an inch, and in numerous instances there have been altera-

tions from scarcely appreciable errors to + or - errors of

two or four tenths of an inch." On the other hand, aneroids

that have been kept for some weeks at a low pressure,

when restored to the full pressure of the atmosphere,
take many weeks to regain their condition of equilibrium ;

and when they have attained this final condition, their

readings are sometimes higher, sometimes lower, than

their original values at the same pressure. The greater

part of the recovery takes place in the first, week, and a

considerable part in the course of the first day.

Notwithstanding this sluggishness of action, Mr.

Whymper finds that the aneroid may be usefully em-

ployed for measuring dififerences of altitude when all the

readings are taken within a short interval of time
; the

shorter the better, so that the data compared are only
the first effects of the changes of pressure ; and this

equally whether the base station is at a high or low

level. He gives an instance of this in his determination

of the depth of the great ravine of Guallabamba, north of

Quito, at the top of which his mercurial barometer read

21-692 inches, and the two aneroids that he carried with

him gave readings respectively o'552 and 0752 inch

too low. But when the three instruments were next

read, two and a half hours later, at the bottom of the

ravine, the mercurial barometer indicated a rise of 2"237

inches, and both the aneroids a rise of 2*260 inch,

involving an error of only i per cent. In this instance,

the difference of elevation as shown by the aneroids was

vitiated by a very small error, but the absolute heights
above sea-level as obtained from their readings would

involve errors of more than 600 and 800 feet respectively.
That this was no accidental result was subsequently

confirmed by an experiment on twenty-two aneroids (all

having large but very varied errors). After these had
been kept a week at a pressure of 2r692 inches (of the

manometer), they were gradually restored in the course

of two and a half hours to a pressure of 23929 inches ;

and, with a single exception, the rise of the aneroid read-

ings ranged between 2" 130 and 2*360 inches, the mean of

the whole being 2*218 inches.

As the general result of his experience, Mr. Whymper
concludes that all aneroids lose on the mercurial baro-

meter when subjected to diminished pressure, and that
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the loss is the greater the greater the reduction of pres-
sure

; that when diminished pressure is maintained con-

tinuously, the loss commonly continues to augment
during several weeks, but in a constantly diminishing
ratio ; that when pressure commences to be restored, the

aneroid endeavours to recover the previous loss, and
some gain more than they have lost ; but the recovery is

gradual, and usually extends over a greater length of

time than the period during which the diminished pres-
sure has been experieneed ; finally, that the index errors

of aneroids are never constant, so that apparently no

process of verification can be trusted to yield corrections

for permanent application, even though time be made a

factor of the correction formula.

It was no part of Mr. Whymper's purpose to go deeper
into the matter, and to ascertain wherein lay the source of

the irregular action of his instruments. But it is evident

that this must be known before we can look for any
important improvement in the construction of the aneroid.

In all probability it lies in the varying elasticity of the

thin corrugated disk that forms the cover of the exhausted

chamber, the alternate rings of which are thrown into a

state of strain and stress in the process of exhaustion, and

which strain and stress are varied with every change of

the external pressure. Perhaps some clue to the cause

may be found in the results of Mr. Herbert Tomlinson's

experiments on the elasticity of metallic wires after de-

formation by tension or torsion,^ since he found that, after

such treatment, the metal takes a considerable time to

recover its normal elasticity. It is, indeed, by no means
certain that such changes of pressure as were dealt with

by Mr. Whymper are sufficient to produce deformation,

byt the aneroid affords a very delicate measure of any

change of elasticity in the corrugated disk, and there is

so much resemblance in the results of Mr. Whymper's
and Mr. Tomlinson's experiments as to make it at least

not unlikely that there is a community of cause.

Meanwhile, travellers must bear in mind that unless

the aneroid can be frequently verified by comparison
with a mercurial barometer, its indications can be trusted

only for such small differences of elevation as can be

measured within an interval of a very few hours. A
rough verification can, indeed, be obtained with the

boiling-point thermometer, as is recommended by the

authors of " Hints to Travellers," and this will at least

enable them to avoid large and accumulated errors.

A fair idea of the degree of accuracy that may be

expected of this latter instrument in practice, is afforded

by Dr. Scully's simultaneous observations of the mer-

curial barometer and the boiling-point thermometer in

his journey over the Karakoram from Leh to Yarkand,
which will be found in vol. i. of the " Indian Meteoro-

logical Memoirs." H. F. B.

WALLER'S HUMAN PHYSIOLOGY.
An Introduction to Human Physiology. By Augustus D.

Waller, M.D. (London : Longmans, Green, and Co.,

1891.)

IN
these days, when the cult of the examination fetish

is in the ascendant, and we are rapidly approaching
the condition of the unchanging students of Confucius

'

Phil.tTrans. 1883.
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it is natural that the first question a student asks about

a new book on physiology should be,
"

Is it the book for

the College?" or the M.B., or whatever may be the

examination most in vogue at his school. And this

question is typical of the effect of examinations for evil,

of their tendency to make men read exclusively up (or

down) to the requirements of the examiners, disregarding
the fact that the elementary physiology and anatomy
they learn are to furnish their only weapons with which

to attack the, for them, far weightier problems of patho-

logy and treatment in their medical and surgical aspects.

On the other hand, it is a consolation to think that

a good text-book must extend its beneficial influence to

examinations as well as examinees, and thus improve the

physiological teaching, not only by providing a trustworthy
book of reference for the students, but also by putting
a stop to cramming for examinations, which now forms

so large a part of the teaching at London schools ;

for so surely as examinations improve will cramming
assimilate itself to the proper teaching, and so become
a work of supererogation.

I may say at the outset that Dr. Waller's book falls

into the latter category, and is really the best recent

work in the English language on human physiology.
It presents a complete elementary account of the present

state of the science, and is especially distinguished from

the text-book most in vogue at the present time by its

objectivity. Without loading his text with references

and names, Waller retains personal interest in his work,
and quotes original experiments sufficiently to attract

the attention of the reader, and to give him (so far as is

possible in a text-book), a real knowledge of the subject,

and opportunity to discriminate between the diverse views

with which the science is burdened.

I mean, no reader is compelled to accept the facts he

learns here on the ipse dixit of the author. The facts

are presented plainly enough, and their significance

discussed, but the student can, if he has the habit of

thought, weigh the evidence for himself, and perhaps
come to a different conclusion from the author.

If we may be allowed to alter the context of a sentence

of the preface, giving references and original experiments
is useful "becauseit helps to correct that credulous bias

or primitive
*

suggestibility
' which is a physiological

property of the human brain, and only too apt to be

fostered by unmitigated bookwork."

Dr. Waller follows the time-honoured division of the

subject into vegetative and animal physiology ; the

latter, which includes the nervous system and its in-

struments, occupying half the entire work (270 pages).

Some might consider this too much space to be devoted

to this part of the subject in a book intended primarily

for, and certain to be used chiefly by, medical students.

But one must consider that no other department of

physiology can be so immediately applied to clinical

work as that treating of the nervous system. In fact,

a third year's man, who has learnt this well, requires

merely a little book knowledge to recognize the most

recondite forms of nervous disease, which would hope-

lessly elude the diagnostic powers of many an older

practitioner, less versed in the latest advancements of

neurological science.

In the eye wards, too, an exact knowledge of the

working of the normal eye is absolutely essential, and

one often hears oculists complain that they have to teach

students the physiology of the normal eye before they
can start on their own proper subject ;

and this is partly

owing to the fact that these subjects are perhaps the

hardest part of physiology, and partly because the

student comes to them at the end of the session, and

is tempted to treat them as coming last also in import-
ance. This, however, he will be unable to do if he

takes the work before us for his text-book.

The second part is treated evidently con amore, and is

an excellent account of this branch of physiology. The

introductory chapter on " The General Plan of the

Nervous System
''

(which occupies only ten pages) is

especially to be commended for its lucid brevity, the

outcome of a masterly grasp of the subject.

This chapter is followed in order by the physiology

(i) of the peripheral organs, muscle and nerve
; (2) of

the sense-organs, eye, ear, &c. ; (3) of the central organs,,

spinal cord, spinal bulb, and brain.

The section on muscle is prefaced with a short account

of the chief instruments used in electrical experiments on

muscle and nerve, and of Ohm's law.

The fulness with which nervous physiology is treated

will make the work very acceptable to general readers,

and especially |to those who wish to acquire a physio-

logical standpoint from which to attack the problems of

psychology.
The first part of the work— " The Phenomena of

Nutrition "—treats adequately of the subjects of the blood

and circulation, respiration, nutrition, excretion, and

animal heat, but does not quite reach the high standard

of excellence of the second part.

In a second edition one would like to see the questions

of coagulation and of the origin of urea treated a

little more fully and precisely. Its value, too, as a text-

book would be much improved if the headings at the

beginning of each chapter were also incorporated in the

text, or put at the side of the page so as to arrest the

reader's attention.

The whole work shows evidence of careful revision, and

is marvellously free from mistakes or printers' errors^

On p. 103, in describing the effect of the interrupted

current on the ventricle, it should be mentioned that the

frog's ventricle is meant, and not the mammalian.

In conclusion, I may mention that the work is furnished

with a useful bibliography (confessedly incomplete) and

a good index. E. H. Starling.

OUR BOOK SHELF.
Bulletin of the New York Mathematical Society. Vol. L

Nos. 2, 3. (New York : 1891, November, December.)

No. 2 opens with an article by Truman H. Safford

founded upon three volumes of the "
Catalog der Astrono-

mischen Gesellschaft
"

(vols, iii., iv., xxiv., Leipzig, 1890),.

in which a sketch of the modes of observation since

Bradley's time is given, and the excellence of the plan
formulated by Argelander upheld. Prof M. Merrirnan

discusses the problem in least squares,
—"

to determine^

by the method of least squares, the most probable values

of a and b in the formula _y
= ax -\-b when the observed

values of both/ and 4.- are liable to error." An account

is then given of a new Italian mathematical journal

{Rivista di Matematica), edited by G. Peano, the cha-
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racter of which is said to be somewhat similar to that of

the Bulletin. Reviews follow of a work on the " Photo-

chronograph (Hagen and Fargis, of the Georgetown Col-

lege Observatory), and of Dr. Craig's
"
Treatise on Linear

Differential Equations, vol. i. (by J. C. Fields). Besides
there is a note on " Nomenclature of Mechanics" (our
readers are familiar with the discussion raised by Prof.

Greenhill, anent the same matter, the equation W=M^;.
The "Notes" (in both numbers) give information re-

specting the Society and its doings. One property of

numbers, out of many given, we give here—
4° + 5^ + 65 -f- r + 9^ + 11^ = 125.

In No. 3 Dr. Fiske prints a rcsumS ol a lecture, before

the Society,
" On the Doubly Infinite Products," which

bristles with references to papers on the subject. Prof.

Hathaway then, in a very interesting note on the
"
Early History of the Potential," sums up, in correc-

tion of an error that occurs in Todhunter's "
History of

the Theories of Attraction
"

(vol. ii. § 789, 1007, and 1138),
"the evidence in favour of assigning to Lagrange" (as

against Laplace)
"
the honour of the introduction of the

potential into dynamics." Mr. J. E. Davies contributes
a favourable review of Preston's *' The Theory of Light."
To each number is appended a long list of new publica-

tions. This Bulletin, it will be seen, breaks new ground,
and presents several points of interest to mathematicians.

Guide to the Exafninations in Chemistry. By W. Jerome
Harrison, F.G S. Pp. 56. (London : Blackie and

Son.)

The greater portion of this little book consists ofanswers
to the questions which have been set in elementary
inorganic chemistry in the examinations held by the
Science and Art Department during the period 1884 to

1891. The rest of the book contains general information

regarding the Department and its examinations, and also

supplies hints for the successful working of the papers.
The answers are but moderately satisfactory ;

it may
be taken that the author has frequently underrated the

difficulty of expressing concisely, and at the same time

clearly, the meaning which he wishes to convey. The
following extracts may be taken as instances :

—
"
Gunpowder .... depends for its energy upon the

suddenness with which the nitre parts with its oxygen."" The terminations -ide, -ite, and -ate are given to the
names of the acid-forming portions of salts."

"
Nitrous water [oxide T\ dissolves in water equally, and

as a whole. Air dissolves uneqtially in water, the oxygen
being more soluble than the nitrogen."
The book is intended to be a companion to Sexton's

"
Chemistry, Theoretical and Practical."

Manipulation of the Microscope. By Edward Bausch.

(New York : Bausch and Lomb Optical Company,
1891.)

This little treatise on the microscope, which is now in its

second edition, is sure to find favour with workers with
this instrument, as it forms a good introduction to books
of a more advanced nature. The subject is not treated

extensively, but just so far as to enable a beginner to

know the whys and the wherefores of the various mani-

pulations.
The first two chapters deal with the simple and com-

pound microscopes, describing their adjustments, &c.
Under "

Objectives and Eye-pieces," which forms the

heading of the next chaper, we find short but good de-

scriptions relating to achromatism, resolving power,
flatness of field, magnifying power, «&;c. In the chapters
on "

Requisites for Work," "How to Work," and
" Advanced Manipulation," the beginner is shown how
to set up his instrument, to illuminate the field properly,
to use the high-power objectives, and, among other

things, receives instruction in the dry and immersion

adjustable objectives.
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The selection of an instrument is always an important
item to be thought of, and the author here gives some
good sound advice both about it and the choice of its

accessories, and about the care which should be bestowed
on it to keep it in the best working condition. The
appendix contains some considerations in the testing of

objectives.
The work is one which all beginners with the micro-

scope should read, while many a hint might be gathered
by an advanced student.

Harrow Birds. By G. E. H. Barrett-Hamilton.

(Harrow : Sold for the Harrow School Scientific

Society by J. C. Willbee, 1892.)

This little volume ought to be of good service to the
Harrow School Scientific Society, for whose benefit it

has been prepared. The author was a member of Harrow
School from 1885 to 1890, and evidently made excellent

use of his opportunities for ornithological study. For
facts which have not come within his own observation he
has had recourse to the best authorities, and various

gentlemen, whose names he gives, have contributed notes
on the birds observed about Harrow during their school-

life. The district covered in the list is contained within
a radius of about five miles around Harrow. The list

includes 197 species, of which 55 are partially or wholly
resident, 27 are regular summer visitors, about 22 appear
annually on migration or in winter, and the remaining 94
are visitors of rare or accidental occurrence. The species
which breed regularly number 82.

LETTERS TO THE EDITOR.

[The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part 0/ Nature.
No notice is taken of anonymous communications. ]

The Theory of Solutions.

In Nature, vol. xlv. p. 293, appears a letter by Prof. Ost-

wald, in which he replies to a portion of my review of his book

on solutions (Nature, vol. xlv. p. 193).

Prof. Ostwald finds his main cause for objection in my con-

clusion that he is a supporter of the "physical" as distinguished

from the " chemical
"
theory of solution. To such a statement

he objects on the ground that he *' cannot at all admit the exist-

ence
"
of a " contrast

"
between the two theories; and further

that he intentionally neither set up nor attempted to answer the

question
—Is solution a physical or a chemical process ?—because

he holds it to be " unclear and therefore very harmful." In the

rest of the letter he concerns himself mainly with expounding
what he prefers to name the " new theory

"
of solution, and

seeks to show that between it and the hydrate theory there is

no antagonism or rivalry.

The first point to consider as bearing on the question at issne

is the definition of the "new theory" which may be gathered
from extracts such as the following :

—
" The theory of solutions which I represent and defend

consists"
" of a certain number of laws, i.e. of exact relations

between measurable quantities."
" The presentation of laws of solutions, as known up to the

present,. . . forms the subject of my book."

But surely it cannot be admitted that a number of exact

relationships constitute a theory ;
for theory is concerned with

saying why such relationships should exist, with supplying ideas

to connect them together. Now, contrary to the apparent

meaning of the last quotation given above, Prof. Ostwald's

book contained much of the nature of a true theory. Indeed,

the ideas which seemed to determine the general treatment of

the subject, and which formed the only justification for the free

use made in the book of gaseous laws, were the hypothetical
functions ascribed to the solvent and the dissolved substance.

The hypothesis here involved, in conformity with what has been

the usual custom in this country I termed the "physical

theory," and I am at a loss to see how any reasoning based on

the definition of the " new theory" affects the use of this term.

For the theoretical matter given in the book evidently refers
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to ideas differing from those involved in the "new theory,"

which, so far as extracts such as the above go, appears to include

nothing whatever of a theoretical nature.

Even in Prof. Ostwaid's letter there are, however, indications

that in his book he went beyond the mere statement of the laws

of solutions. For example, he says : "In my book the question
is this one of facts, and although I have therein made more use

of molecular considerations than I should at present hold to be

proper, yet I have done so only to render more clear the actual

relations, and never to prove quantitative laws."

Now it was solely the "development of the consequences of

facts
"—this use, which Prof. Ostwald admits to have been exces-

sive, of " molecular considerations
"—which has generally been,

and was by me, styled the "
physical theory." The facts them-

selves no one can question ; indeed, I took pains to point out in

my review that the facts, as given in the book, would alone

serve to make it valuable. The theoretical matter, however,
called for separate consideration. It alone was, and, so far as

I can see, it alone could be, designated the "physical theory."
In denying the contrast between the so-called chemical and

physical theories. Prof. Ostwald declares that he never main-

tained "
that no interaction takes place between the solvent and

the dissolved substance." If such was his opinion when writing
his book, it may be asked. Why in all fairness should he have

defined solutions as homogeneous mixhires ? Why did he not

state clearly that interactions between solvent and dissolved sub-

stance were possible ? It is quite true that, in my review, in-

stances were given of chemical expressions used in the book,
but no stress was put upon these by the author as indicating the

general occurrence of chemical changes in solutions. They
seemed to arise, not because of, but rather in spite of, the author's

idea of the nature of solution, and could only be regarded as

inconsistencies. The theme of the book was the explanation of

the properties even of concentrated solutions by considering the

interactions of molecules of the same kind, by treating the dis-

solved substance as if it were gasified. If such a method of

treatment were described as
"
physical," I think the commonly

accepted meaning of the word was in no way impaired.

Indeed, much of Prof. Ostwaid's book can hardly be justi-

fied if interactions of a chemical nature are probable in

solutions. For instance, several pages are devoted to the

use of van der Waals's equation in dealing with solutions.

To anyone familiar with the deduction of this equation, the

validity of its application to a solution even when the solvent

is regarded as indifferent is highly questionable. If, however,
it is admitted that something of the nature of a chamical re-

action may occur between solvent and dissolved substance, that

the latter may not be in a pseudo- gaseous condition, then the

application of the equation can hardly be termed otherwise than

meaningless.
In conclusion, I can only express regret if my review has

tended to create further misconception on this vexed question of

solution. At the same time, I hope I have been able to indicate

to Prof. Ostwald the points which led to my use of the terms to

which he objects ;
and I venture to think that in the discrepancies

which appear to exist between the ideas as given in his letter,

and those which the reader has to gather from his book, is to

be found sufficient reason for the use of the statements to which

exception has been taken. J. W. Rodger.

London, February i.

Arrow Poison.

Last year a French naval surgeon, M. Ledantec, published
in the Annaies de I'lnstitict Pasteur the result of some investi-

gations he had made into the nature of the arrow poison of the

natives of the New Hebrides. Wounds from these arrows give

rise, as is well known, to tetanus, and M, Ledantec was able,

by the subcutaneous injection of the scraped off poison, to kill

guinea-pigs under typical tetanic symptoms. He learnt from a

Kanaka that they are prepared by smearing the arrow-heads

(which are made of human bone) first with tree gum and then

with mud from a swamp, which mud he found to contain

numbers of Nicolaier's tetanus bacillus.

As far as I am aware, this has been recorded only of the

natives of the New Hebrides and some of the neighbouring

groups (the arrow poison of Stanley's dwarfs is certainly not the

same), and I was therefore much interested some days ago by

coming accidentally upon an old record which seems to show

that the natives of the Cape Verd coast were accustomed, more

than three hundred years ago, to get rid of their enemies in a
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similar manner. In Hakluyt's "Voyager's Tales," published
in 1589 (I refer to the little reprint edited in 1889 by Henry
Morley), is the narrative of one Miles Phillips, in which occurs

the following passage :
— "

Upon the i8th day of the same month
(November 1567) we came to an anchor upon the coast of Africa

at Cape Verde, in twelve fathoms of water, and here our General
landed certain of our men, to the number of 160 or thereabouts,

seeking to take some negroes. And they, going up into the

country for the space of six miles, were encountered with a great
number of negroes, who with their envenomed arrows did hurt

a great number of our men, so that they were enforced to retire

to the ships, in which contest they recovered but a few negroes ;

and of these our men which were hurt with their envenomed
arrows, there died to the number of seven or eight in a very

strange manner, with their mouths shut, so that we were forced

to put sticks and other things into their mouths to keep them

open." In the language of modern medicine, they succumbed
to tetanus traumaticus. The voyagers left the coast soon after,

and there is no further mention of the natives or of the

wounded.
There is, of course, no proof that the arrows were poisoned

with mud or earth, but the probability is considerable. The
chief interest lies in the age of the record, which forms in some
manner a pendent to the researches of M. Bossano {Co?nptes

rendus, 1888), which showed the tetanus bacillus to have a very
wide distribution in space.

It is a curious consideration that this and the other famous
arrow poison, curare, both kill by their action on the voluntary
muscles, the action of one being diametrically opposed to that

of the other. A. Coppen Jones.
Davos Platz, Switzerland, January 30.

The Implications of Science.

Hitherto prevented from again writing, I cannot now
remain passive and allow Mr. Dixon to escape from bis irra-

tional position under cover of a cloud of verbiage
— like a

cuttle-fish through water made turbid by its ink.

In my lecture I pointed out that certain truths are implied in

all physical science. They are so implied. If Mr. Dixon
thinks they are not, it is for him to show how experimental
science could be carried on, with any real, serious doubt about

them. This he has certainly not yet done.

Our knowledge of our own existence "in the present," is

knowledge of a particular concrete fact, not of an abstract

necessary truth. That "whatever feels, simultaneously exists,"

is such a "
necessary truth," but it is an abuse of language to

apply that term to anything which may cease to exist the

moment after its existence is recognized.
That "

nothing can simultaneously be existent and non-

existent," does not at all depend upon "terms" or "defini-

tions," but is a law of "
things." It would not lose its validity

and objective truth, not only if there were no such things as
" terms" and "definitions" ; it would not lose it if the whole
human race came to an end.

I am glad to find my critic does " not doubt" that if he lost

an eye his condition would thereby be modified, but if he does

not also see that this applies and must apply everywhere and

everywhen, 1 do not envy him his power of mental vision.

Oriental Club, February 2. St. George Mivart.

The New Forest in Danger.
In connection with my letter which appeared in Nature of

the 28th ult. (p. 295), it may interest some of your readers to

know that the petitions, to which I referred, in support of the Bill

for excepting the New Forest from the operation of the Ranges
Act, 1 89 1, have already been signed by Lord Walsingham, F. R. S.

Prof. C. Stewart (President of the Linnean Society), Sir Joseph
D. Hooker, F.R.S., Dr. P. L. Sclater, F.R.S., Mr. Osbert

Salvin, F.R.S., Dr. A. Glinther, F.R.S., Dr. H. Woodward,
F.R.S., Mr. W. Carruthers, F.R.S,, Dr. D. Sharp, F.R.S.,
Mr. Thiselton-Dyer, C.M.G., F.R.S., Mr. H. W. Bates,

F.R.S., Mr. F. DuCane-Godman, F.R.S., Dr. G. Buchanan,
F.R.S., Dr. B. Richardson, F.R.S., Prof. J. O. Westwcod

(Professor of Zoology, Oxford), Dr. Thorne-Thorne, F.R.S. ,

Mr. J. G. Baker, F.R.S., Mr. W. H. Preece, F.R.S., Mr.

Botting Hemsley, F.R.S., Mr. E. B. Poulton, F.R.S., Mr. R.

McLachlan, F.R.S., Mr. C. B. Clarke, F.R.S., Major-General
Garden, Prof. Jeffrey Bell (Secretary of the Microscopical
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Society), Dr. Franklin Parsons, Mr. Daydon Jackson (Secretary
of the Linnean Society), Mr. J. E. Harting, Dr. Bowdler Sharpe,
Mr. J. Britten, Mr. E. Saunders, Colonel Swinhoe, Mr. A. W.
Bennett (Vice-President of tlie Linnean Society), Mr. Percy
Sladen (Secretary of the Linnean Society), Mr. D. Morris, Mr.

Miller-Christy, and by a large number of other Fellows of the

Linnean, Geological, Zoological, and Entomological Societies of

London ; and by the editors of the Geological Magazine, the

fournal of Botany, the Zoologist, the Entomologists' Monthly
Magazine, and the Entomologist. Herbert Goss,

Linnean Society, Burlington House, W., February 6.

ON THE NEW STAR IN AURIGA.

yXJY. were enabled last week to make an announcement
* "^ of the discovery of a new star in the constellation

Auriga, as we received on Wednesday the Edinburgh
Circular giving an account of the manner in which the
first information had been received. A telegram was
sent by Dr. Copeland to the Astronomer- Royal on the
date of the reception of the post card—Monday, Feb-

ruary I—and, as we have since learnt from the Astrono-
mische Nachrichten, a telegram was also sent by
Dr. Copeland and the Astronomer-Royal to Kiel. Un-
fortunately there is at present in England no local

system for the distribution of astronomical intelligence
of this character, so that it will probably be found
that the fine night of Monday was only devoted to obser-
vations of the new star in a very restricted number of
Observatories. The necessity for correcting this state of

things has been pointed out by Mr. Lockyer in the Times
of Friday, and it is to be hoped that some steps may be
taken to rectify the defect. As it turns out, however, no

very great harm has been done, for the new star, instead
of degrading its light rapidly from the day of its discovery
on February i, seems if anything to have brightened, so
that the changes in its light between Monday and Wed-
nesday were probably not so great as those observed in

Nova Cygni during the first two or three days of its

visibility.
A telegram from Prof. Pickering communicated by the

Astronomer-Royal to the Times of Monday seems to

show that the star, instead of bursting forth suddenly
about the date when the anonymous post-card was sent
to Dr. Copeland, has really been visible since last Dec-

ember, perhaps even for a longer time
;
but in any case

it has not been registered in any recognized Catalogue.
Prof. Pickering states that he finds this star visible on
three plates belonging to the series of the Draper photo-
graphs at different dates during the month of December.
The telegram through the " Centralstelle fi.ir Astrono-
mische Telegramme," Kiel, runs as follows :

—'
Cope-

land's Nova bright on photograph December 10, faint

December i
; maximicm December 20

; spectrum unique.
—Pickering." It would thus appear that Prof. Picker-

ing had photographed the new star on the three dates
named in the course of the f)hotographic mapping of stars

and their spectra which he is carrying out at Harvard
College Observatory. We do not yet know whether the

plates were examined at the date on which they were
taken, or whether the telegrams relating to the appear-
ance of the Nova may have caused an examination to be

made, but the spectrum was visible on all three plates.
As we stated last week, the observations in England

commenced on Monday night at Edinburgh, on which
date Dr. Copeland saw bright lines, and at the Royal
Observatory on the same evening, when the new photo-
graphic 13-inch refractor was used for determining the
exact position of the star. With this fii:e instrument the
Astronomer- Royal was able to detect that the star differed
from the other stars on the plate in appearance.
As to the work on Tuesday night, at present we know

nothing. An announcement of the discovery appeared
in the Times of Wednesday, on which date also, as we
have already stated, Dr. Copeland's Edinburgh Circular

was received in London. On that night, therefore, which

happened to be fine, observations were commenced at

South Kensington, and two photographs were obtained,

together with some eye-observations, which were com-
municated to the Ro}al Society by Mr. Norman Lockyer
on the next day in a preliminary note, from which we
make the following extracts :

—
" Last night was fortunately fine, and two photographs

were taken of the spectrum
—the first exposed from

7.30 to 9, or for ih. 30m. ;
the second exposed from

9.30 to 12.30, or for 3h. cm. The first registered 13 lines
;

the second appears to contain some additional ones,
but they are very faint, and have not yet been measured.

" A complete discussion of these photographs will form
the substance of a subsequent communication, but already
the following approximations to the wave-lengths have
been obtained, the photographs being treated absolutely

independently, means, however, being taken for the four

least refrangible lines, as there has not yet been time to

construct a proper curve for this region :
—

Lines
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" The colour was estimated by Mr. Fowler as reddish-

yellow, and by Mr. Baxandall as rather purplish. My
own impression was that the star was reddish, with a

purple tinge. This was in the lo-inch achromatic. In
the 3-foot reflector it was certainly less red than many
star of Group II. No nebulosity was observed either in

the 3-foot or the lo-inch refractor, nor does any appear in

a photograph of the region taken by a 34-inch Dallmeyer
lens with three hours' exposure. It should be stated

that the camera was carried by the photographic tele-

scope, the clock of which had had its normal rate pur-

posely changed to give breadth to the spectrum.
" The photographs were taken and reduced by Messrs.

Fowler and Baxandall. The eye-observations and com-

parisons were made by Mr. Fowler."

The nights of Thursday, Friday, and Saturday were

hopelessly bad, but on Sunday night the weather cleared,
and more photographs were taken at South Kensington,
an account of which, we believe, has been communicated
to the Royal Society. Observations of the Nova are there-

fore well in hand, and there is no doubt that a comparison
of the photographic plates obtained in December and

February will provide us with much minute information

regarding the behaviour of our new visitor.

The remark in Mr. Lockyer's communication to the

Royal Society, that the spectrum of the star contained

nearly all the lines visible in the stars in Cygnus, is one
of considerable interest and importance, because, if it be
confirmed by subsequent observations, it will show that

these stars in Cygnus cannot be stars in the true sense—
that is, bodies like our sun. This seems pretty evident
from the fact that their spectroscopic phenomena can be

reproduced by another body which suddenly appears, and

probably will rapidly become invisible. The idea that

any of these bodies are " worlds on fire," as was once

thought, need now no longer be discussed.

MR. TESLA'S LECTURES ON ALTERNATE
CURRENTS OE HIGH POTENTIAL AND
FREQUENCY.

T T is nor often that the outward and visible signs of a
*

great scientific success are so prominent as they
were last week at the Royal Institution. The reports
which have reached this country of the work of Mr.
Nikola Tesla have made his name known to those who
are watching or aiding the progress of electrical science.

He was recently invited by the Institute of Electrical

Engineers to lecture before it, and the interest which his

coming excited spread in widening circles as the day on
which he was to exhibit his experiments drew near.

It was evident that the ordinary meeting-room of the
Institute would be too small, and the Managers of the

Royal Institution placed their theatre at its disposal.
Members of the Royal Institution, were, however,
anxious to hear and see for themselves

;
and finally Mr.

Tesla consented to lecture on two consecutive nights to

the Institute and the Institution respectively.
On both occasions the room was full ;

on the first

it was overflowing. Gathered round the lecture table

was a crowd of those whose business it is, either as
theorists or as practical men, to keep abreast of the
wave of scientific advance ; but as the youthful lecturer—who looks even younger than his years

—with a

modesty and charm of manner which were altogether

irresistible, showed wonder after wonder, the interest of

this critical audience deepened into enthusiasm. The
speaker's broken English and imperfect explanations
did not detract from his success. His marvellous skill

as an experimentalist was evident and unmistakable,
and his hearers left the room convinced, not only that

another step forward has been taken, but also that in
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Mr. Tesla we have a scientific explorer, who, if health
and life be granted him, will travel fast and far.

Briefly, Mr. Tesla has done much to attain the con-
tinuous stream of electrical oscillations which Prof. Fitz-

gerald, at a recent meeting of the Physical Society, com-

pared to a continuous whistle. The oscillations which
Hertz studied die out almost instantaneously. Could they
be maintained, a practically new weapon would be placed
in our hands. Tesla does not, indeed, maintain them,
but he renews them many times per second, and the

results are marvellous.

Though the potential is enormous, the electrode of the

apparatus can be safely handled. If a person in conduct-

ing communication with it touches a vacuum bulb or tube

it glows, and if the tube is brought near to others it sets

them a-glowing too. No return is needed, the current is
'

completed through surrounding space. The phospho-
rescent materials in some of the beautiful tubes lent by
Mr. Crookes shone brightly when one electrode only was
connected with the coil. If the terminal is surrounded

by an aluminium tube, the glow is notably increased.

The experiment of making a vacuum-tube luminous by
simply holding it in an oscillating field was successfully

performed, and the lecturer himself received with impunity
a crackling discharge, some six or eight inches in length,

by holding his hand at that distance from the terminal of

his coil.

All these things are not merely wonders. Mr. Tesla is

working with an object. He is one of those who hold

that a phosphorescent glow is the light of the future.

He hints at artificial aurorae spreading from the summits
of towers of hitherto undreamt-of height, and he has at

all events got as far as producing in air at atmospheric
pressure a glowing plane bounded by two rings about a
foot and thirty inches in diameter respectively. Whether
his visions will all be realized may be doubtful. There is

is no doubt that they are guiding him aright. As Lord

Rayleigh said in moving the vote of thanks, a door has'

been opened into a new region of inquiry, into which
Mr. Crookes and Mr. Tesla have entered almost alone.

Those who some fifteen months ago heard Prof.

Hertz acknowledge in terms of genuine emotion that he
had built upon a foundation laid by Englishmen, that

Englishmen had first recognized the importance of his

work, and that from England its first reward had come,
must have listened with pleasure when the part that this

country has taken in the development of electrical

science was referred to in a like appreciative tone

by Mr. Tesla. It is not indeed that the achievements of

our great electricians are bettered or rendered more im-

portant by acknowledgment, but it is pleasant to note
how cosmopolitan science is becoming, and that among
scientific workers the feeling of fellowship is overcoming
that of rivalry. For the rest we can only congratulate
Mr. Tesla alike upon his work and his reception, and
the scientific world on the exhibition of a number of

beautiful experiments which will afford food for useful

reflection to theorist and experimenter alike.

A. W. R.

The announcement of Mr. Nikola Tesla's lecture

to the Institution of Electrical Engineers excited wide-

spread interest among all in the least degree interested

in electrical science. The succession of almost marvellous

experiments in which in great measure it consisted must
have gone far beyond the anticipations of the most san-

guine of those of the audience who had had no previous
account of the nature and results of his work. It is not
too much to say that the Royal Institution lectures mark
a distinct epoch in the progress of theoretical and applied

electricity. While, on the one hand, the experiments
which the lecturer showed seemed to point to a possible
revolution of our methods of electric lighting, on the
other hand they must have suggested, if not for the first
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time, in a new and forcible way, important questions of

electrical theory, and the physiological effects of rapidly

alternating currents. That he should have been able

unharmed to place himself in the space between two
tinfoil plates connected to the terminals of his rapidly

alternating machine, was to the ordinary observer in itself

sufficiently startling ; but that he should have been able

to present a piece of iron to one of the poles of the

machine, drawing a spark of several inches in length
with impunity, and thereby to interpose his body as a

connecting link between the machine and a long vacuum
tube which glowed like a flaming sword, must have ap-
peared to many of those most conversant with electrical

phenomena truly astonishing.
Hitherto, alternating machines of great frequency and

high potential have been deemed peculiarly dangerous,
and not without reason. But it did not follow, of course,
that with a sufficient increase of the frequency of alterna-

tion, the danger might not completely disappear. It will

be of great importance to inquire in what way the im-

munity of the experimenter from injury is brought about.
Are impulses of 20,000 reversals per second and upwards
without serious effect on the nervous system of the human
body, so that conduction takes place through it without

any disagreeable consequences ? or is the conduction
effected without the nervous system being concerned
at all .?

The delicate network of nerves in the eye is sensitive

to a certain range of frequency of electrical vibrations,
and perfectly insensitive to vibrations which lie outside
that range in frequency. In the same way the insen-

sitiveness of the general nerve-system of the human body
interposed between a glowing vacuum tube and the ter-

minal of a rapidly alternating machine or transformer

may begin and end at much lower limits. There is also,
of course, the interesting question of the distribution of

these rapidly alternating currents in the somewhat com-

plicated conductor formed by the human body, which

may have a great deal to do with the result.

It ought to be recalled here that Prof. J. J. Thomson
has been working in the same field, and has obtained
somewhat similar results. These were made the subject
of a very interesting demonstration to the members of
the Physical Society on the occasion of their visit to

Cambridge in May of last year. For a long time Prof.

Thomson has investigated this subject both theoretically
and experimentally, and his researches have thrown
much light on the rationale of the very striking results

obtained by Mr. Tesla and himself in their closely allied

but independently carried out series of experiments.
The admirable experiments of Mr. Tesla are only

another instance of the way in which practical applica-
tions of science promote its progress, by enabling appa-
ratus to be constructed on an engineering scale, and with
all the security for effective action which the constructive
art of the engineer furnishes so well. His simple alter-

nating machine, running with very little clearance at a

speed of about 2000 revolutions per minute, is itself a

triumph of skill in design and construction, and well

illustrates how desirable and even necessary it is to take

advantage of all the aids to exactness, and they are

many, which can be obtained from the refined machine
tools and truth of design which characterize the engineer-
ing workshop of to-day. The ordinary optician of twenty
years ago, with his imperfect lathes, and general utter

want of power-driven appliances, his continual hand-

fitting and shaping, and the absolute non-interchange-
ability of the parts of his instruments, has almost passed
away ;

and even the physical laboratory has become in

great measure an engineering workshop, in which are to

be found Whitworth lathes and end-measuring machines

adapted for the most exact work.
One point in this connection is worthy of notice.

Mr. Tesla insists strongly on the essentially electrostatic
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nature of the phenomena illustrated by his lectures ;

while, on the other hand, one object aimed at in

Prof. Thomson's experiments was to show that in a
tube without electrodes luminosity could be produced by
electrodynamic action alone—that is to say, in a field of
electric force which is not electrostatic in the sense of

admitting of the derivation of its intensity at each point
from a potential function.

The changes produced in the distribution of electricity
on neighbouring conductors will cause glow in a vacuum
tube when a Holtz machine or Leyden jar is discharged ;

and this will in general be more or^ess operative. But
it is not in general possible to separate the electromotive
forces due to this cause from those due to electro-

magnetic action. Prof. Thomson has succeeded in some
cases in screening off these electrostatic effects, and in

producing a glow discharge in which electrostatic action

could have little or no share.

The glow or flame discharges from the terminals of his

induction coils, the glow discharge from the long wires

stretched from the induction coil towards the roof of the

hall, the glowing vacuous bulbs and phosphorescent tubes

placed in the field between the parallel tin-foil plates
attached to the transformer terminals are all phenomena
of the highest importance ; though, of course, they are

only exceedingly striking and effective illustrations of

experimental results already arrived at by the lecturer

himself and others, and communicated in a more or less

complete manner to the electrical world. The applica-
tion of these, which Mr. Tesla suggests as a possible one
in the future, would bring about an ideal form of elec-

tric lighting, which would transcend in luxury and con-

venience our present system of electric lighting by
incandescent lamps as far as the latter transcends the-

oil lamps and tallow dips used by our near ancestors.

Every drawing-room would become an electric field in a

continual state of rapidly alternating stress, in which the

occupants would live, experiencing no unpleasant effects

whatever, while vacuous bulbs or phosphorescent globes
and tubes, without care or attention, would shed a soft

diffused light, of colour and intensity arranged to suit the-

most luxurious fancy. It would be interesting also to

know whether, after all, habitual dwelling in a region of

electric stress rapidly changed from one extreme of high

intensity to the opposite, produced very slow physiological
effects which could be traced in the improved health

and longevity of the persons so dwelling, or the reverse.

If such applications are made (and there does not seem
to be any sufficient reason why they should not come to

pass), the magnificent researches of Mr Crookes, as well

as those of other investigators to whom the lecturer justly

and generously acknowledged his indebtedness, will bear

some practical fruit in an almost totally unexpected
manner, by becoming at once available in connection

with a new and beautiful development of what is at

present the most progressive of the physical sciences.

It does seem that we are on the point of farther great
advance into the undiscovered domain of electrical

science, and it is significant that it is likely to lie along
one of the routes made clearer to us by the discovery and

verification of the great theory of electrical radiation.

Who knows what further discoveries may be obtained

before the present century has come to an end ? We
are advancing so rapidly that no one can declare that

the record of discovery of the nineteenth century has

nearly closed. One important means of further investi-

gating electrical radiation will be that which Prof. Fitz-

gerald made an attempt to find—a means of maintaining
for any required length of time electrical vibrations of

sufficiently high frequency. Mr. Tesla's results seem to

promise that this problem may perhaps be solved before

very long, and many outstanding questions of the electro-

magnetic theory of light thereby set at rest. In many
other ways hi? researches are certain to promote scientific
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discovery. To quote his own words :

" The field is wide foot square. A Hne AB, \ inch in length should then be

and completely unexplored, and at every step a new truth drawn near the centre and a circle described about it,

is gleaned, a novel fact observed." G.

WA VE-MOTION MODEL.

AS a teacher of Physics I have always experienced
considerable difficulty in giving to elementary

students of Sound a clear conception of the motion of

the air in organ-pipes when sounding. In Weinhold's
"
Physics

"
a method is shown in which a series of

sinuous lines, drawn on a sheet of paper, exhibit this

motion when drawn across a narrow slit, but the difficulty

attending the drawing of these lines has, I imagine, pre-

half of which should then be divided as shown into 12

equal parts. Perpendiculars should then be dropped

upon the line AB, which is thus divided in harmonical

progression in the points i, 2, 3 . . . . 13. With the

eluded its general adoption for class purposes. It struck

me that it ought to be possible to draw a series of

eccentric circles upon a disk in such a way that, when
rotated, the motion of the intercepted lines, as seen

through a narrow radial slit, should correctly represent
this motion. This, of course, is done for progressive
waves by Crova's disk. After spending some thought
upon the matter I succeeded in producing such a disk,
a copy of which I inclose. It has given such satisfaction

that I have been advised by several scientific friends to

send a description of the method to you for publication,
for the benefit of teachers and students generally.

In the following description I have given the dimen-
sions which I myself employ in describing these disks,
but they can of course be varied at will :

—
A piece of stout cardboard should be taken about a
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points I, 2, 3 . . . . 13, 12, II, 10, 9, 8, 7 successively as

centres, a series of circles should then be drawn be-

ginning with a radius of \\ inch, and increasing it each

time by ,';y
inch. The last circle therefore, described

with the point 7 as centre, has a radius of 4^^ inch. The
two circles described with the point 7 as centre, since

they represent nodes, should be drawn rather thicker than

the others to distinguish them.
The disk is now complete. It should be cut circular

in shape and mounted to rotate upon a pin struck through
the point 7. If it now be examined by means of a narrow
radial slit extending across the marked portion of the disk,
the short lines intercepted will, by their pendulum-like
motions, represent the motion of the air particles in a
closed organ pipe giving its first overtone. When the

slit is shortened so as to show only the portion of the
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disk between the two nodal lines, the vibration of a rod

clamped at both ends will be represented ;
whilst the

outer half of the latter length of slit will represent similarly
a closed organ pipe giving its fundamental note. In this

way by restricting the slit to various parts of the disk,
various vibrating rods of metal and organ-pipes can be

represented.
The disks thus produced I have had very satisfactorily

lithographed for students' use.

Should any of your readers be desirous of obtaining
further information I shall be happy to oblige them.

F. Cheshire.

P.S.— In the drawing of the disk given the centre has
been filled up by broken circles. As thus drawn the
inner circle may with advantage be blackened over.

THE SCIENCE MUSEUM AND GALLERY OF
BRITISH ART AT SOUTH KENSINGTON.

IXyTOST people were under the impression that they
-^'-^ had heard the last of the absurd proposal. that the
site in South Kensington, which had already been set

apart for scientific purposes, should be appropriated for

the British Art Gallery. After all, however, the scheme
has not, it seems, been definitely abandoned. Mr. Tate
is said to have decided that if this particular piece of land
is not granted he will withdraw the offer of his pictures
and of the money he is willing to give for the erection of
a suitable building. Men of science, like other people,
would be sorry if the nation lost the advantages which
Mr. Tate wishes to confer upon it ; but they are bound to

protest strenuously against the notion that it is either right
or expedient to try to promote the interests of art at the

expense of those of science. The South Kensington site

is urgently wanted for the purposes for which it has
been promised. Careful investigation has shown that

every foot of the. land will be needed for an adequate
Science Museum and for laboratories

;
and if Mr.

Tate's idea is acted upon, irreparable injury will be

done, not only to the Royal College of Science, but to

the entire system of scientific training in England.
It has been asserted that the land " was bought for science
and art," and that, consequently, science has '' no

monopoly in it." The land was not bought for
" science

and art." It was bought for "science and the arts," by
which were meant the industrial arts, the development of
which directly depends on science. The whole difficulty
is due to the haphazard way in which all that relates to

science is treated by public authorities in this country.
If England had possessed a Minister of Education, with

powers corresponding to those which belong to the French
or the Prussian Minister cf Education, he would never
have permitted this question to be even opened ;

and Mr.
Tate would probably have obtained long ago a proper
site elsewhere. Of course nothing that can be done to

prevent an act of utter folly and injustice will be left

undone in Parliament by the scientific members.
The following letter on the subject appeared in the

Pall Mall Gazette on Wednesday, February lo :
—

Sir,
—Before Parliament and the public agree to the some-

what exacting terms which Mr. Tate appears to make a condition
of his munificent donation, I would beg your leave to submit
the following questions for their consideration :

—
1. Why should he not be satisfied with the plot of ground,

somewhat higher up the Exhibition Road, which is much larger
than his contribution of ;^8o,ooo will cover with a decently-
constructed building? The situation of that plot is in every

respect better than the one he covets. It is adjacent to the

East and West Galleries, which are already connected by a cross

gallery. These galleries are, in the opinion of the most eminent
artists in the country, the best galleries for the exhibition of

pictures yet constructed in England, and in them the overflow
from Mr. Tate's gallery might in future time find a home.

2. Why should the site which he asks for be cleared of the
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Physical Laboratory and other portions of the College of

Science already housed on it to interpolate an English Luxem-

bourg between two portions of the Science School and Science

Museum, relegating the latter to the aforesaid admirable picture

galleries, which then for all time can never be annexed to the

Tate Gallery, or even put in connection with it? Why, in fact,

should the science instruction of the country be sacrificed to this

collection of pictures, which is not of sufficient value to be

accepted by the National Gallery ? We hear a good deal of the

French Luxembourg, but would any munificent donor of modern
French pictures be allowed to have a^slice out of the middle of

the Ecole Polytechnique, or of the Ecole Centrale, or of the

Conservatoire des Arts et Metiers, if, peradventure, that was the

Naboth's vineyard which his heart craved for ?

3. Why should the Government or the public suppose that if

Mr. Tate's collection of pictures were inserted like a seton into

the tissue of the College of Science it would have the effect of

drawing a shower of gifts and bequests away from the rival

establishment across the Exhibition Road, and only separated
from it by a part of the College of Science ? That rival establish-

ment contains the Sheepshanks collection, given under stringent
conditions to found, and accepted by the Government to found,
a National Gallery of British Art. Other collections have
been added—even since the Tate Gallery was in the air—
on the same conditions. Intrinsically and artistically they
are worth probably ten times as much as the Tate collec-

tion. From the recent competition which has been held

it is evident that the Government propose to spend a

large sum of money in completing the South Kensington
Museum, which will then be in a position to properly
exhibit these and other bequests. It is well known that

they cannot be sent to the Tate Gallery. They would be

lost to the nation if an attempt were made to do so, the pious
donors having taken ample precautions against such tricks being

played with their gifts. Whatever pranks the Royal Academy
may play with the Chantrey Bequest, there is no reason to

suppose that the British Museum or National Gallery pictures
can be sent to increase the importance of this new establish-

ment under an irresponsible management, which is not supported
by a single artist of eminence, as far as I am aware.

4. Why should Government emulate the antics of the

celebrated cow who kicked over the pail of milk she had just

filled, and, having done more than any previous Government
for technical instruction, make itself superbly ridiculous by
dealing an irremediable blow to the advance of that instruction

for the sake of Mr. Tate's ;^8o,ooo? It must he remembered-
that there is no institution for the advancement of scientific

instruction in the country similar to the College of Science with

the Science Museum which it is now proposed to dismember for

the sake of that ^So.ooo.— I am. Sir, yours obediently,
London, February 9. Y.

NOTES.
The late Prince Louis Lucien Bonaparte has left to

the Nation his valuable collection of metals, which is

now in course of arrangement at the Science Museum,
South Kensington. The collection is rich in specimens
of the rarer metals. This bequest is the result of a

promise made to Prof. Roberts-Austen, the Prince having

been much interested in the Percy collection at South

Kensington. The Prince's early papers, which were mainly

chemical, comprised an account of a method of separating

cerium from didymium ; and he used to refer with pride to

his having won admission to the ranks of the Legion of

Honour by chemical research.

In order to afford increased and improved accommodation

for the departments of physics and mechanical and electrical

engineering, the Council of University College, London, have

decided to enter without delay upon a considerable extension of

the College buildings. The addition to the College will form

an important block opposite the east end of University Street,

with an extension for some distance along the Gower Street

front of the College grounds. It is to contain separate labora-

tories and lecture-rooms for mechanical engineering and elec-

trical engineering, with rooms for engineering drawing, a
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dynamo-room, and all else that is required for an efficient school

of modern engineering. This extension will enable the base-

ment and ground-floor of the central wing of the main building,

together with a new building to be erected in the inner court, to

be devoted to the department of physics, which has hitherto

been very imperfectly provided for in rooms that were originally

intended for quite other purposes than those to which they have

been applied. The position of the new physical laboratory is

such that it will be as far removed as is easily possible, in the

heart of London, from heavy street traffic.

The death of the well-known botanical collector, B. Balansa,

is recorded in the French journals. He died in the military

hospital of Hanoi, Tongking, to which country he went on a

second botanical expedition. Balansa was not merely a col-

lector of plants ; he was also a botani>t, though he never

published much, his principal contributions to botanical litera-

ture being on the grasses of New Caledonia and of Cochin

China. He also published a botanical account of his ascent of

Mount Humboldt in New Caledonia. But as a botanical col-

lector, Mr. Balansa contributed to nearly all of the principal

herbaria of Europe, having spent many years of his life collect-

ing in Algeria, Morocco, Asia Minor, New Caledonia, Paraguay,

Tongking, and other parts of the world. On Sir Joseph Hooker's

recommendation he was attached as botanist to the Commission

appointed in 1873 by the Paraguayan Government for the

scientific exploration of its territory ;
and he spent three years

and a half traversing the country in various directions for this

purpose. He made very large botanical collections, but these,

as well as his New Caledonian plants, have only been partially

worked out. Kew purchased a set of about 2000 species.

On Saturday last the members of a mountaineering and

scientific expedition, under the leadership of Mr. W. M.

Conway, sailed by the steamship- Ocampo for Karachi, whence

they will proceed, by way of Ahbotabad and Kashmir, to the

mountains of Baltistan, on the frontier of Eastern Turkistan.

Their object is to explore thoroughly tliehigh glacial area of the

Karakoram range. One of their chief aims will be to make a

special survey of the great Baltoro glacier, which descends from

the peak
" K 2

"
(28,265 feet), the second highest measured peak

in the world. They will make scientific collections, and record

observations of glacial phenomena. The Baltoro, Punmar, and

Biafo glaciers, which unite their streams in the neighbourhood

of Askoley, are believed to be the largest glaciers in the world

outside of the Arctic and Antarctic regions, and their upper

levels have never yet been explored. Mr. Conway is accom-

panied by the Hon. C. G. Bruce and Mr. J. H. Roundebush ;

and they are taking with them Mr. A. D. McCormick, the

artist of the expedition ; Mr. Oscar Eckenstein, a well-known

Alpine climber
;
and Mathias Lurbriggen, of Macugnaga, one

of the famous family of Alpine guides. It is understood that

they intend to make a determined assault upon
" K 2," or one

of the loftiest of the neighbouring peaks, with a view to dis-

covering whether the limit to which qualified mountaineers can

climb has yet been attained. The expedition, it may be men-

tioned, has been subsidized both by the Royal Society and by

the Royal Geographical Society.

A Crimean Alpine Club has been formed at Odessa. The

objects of the members are to explore the mountains of the

Crimea, to publish scientific papers on phenomena connected

with them, to protect rare species of plants and animals, to

favour the development of agriculture, horticulture, and small

local industries among the mountaineers, and to provide faci-

lities for tourists, artists, and men of science who may desire to

visit the region.

The 1892 Photographic Conference will be held at the

Society of Arts on Tuesday and Wednesday, March 22 and 23,

under the presidency of Captain W. de W. Abney, F.R.S.
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Last week we mentioned the case of the miner Johann Latus,

of Myslovitz, in Silesia, who had been asleep for over four

months. The latest news about him is that he has partly

recovered, and the cataleptic rigidity of the limbs, which

was characteristic of his somnolent condition, has disap-

peared. It is curious to note that, although he has conversed

with his wife, he seems quite unaware of the long stay he has

made in the hospital. No feeling of pain of any sort has been

experienced by him, and in fact he cannot recall any sensation

during this long period. Dr. Albers, who is attending to him,

hopes that he will soon completely recover. Unfortunately

Latus has been threatened with inflammation of the lungs, which,

view of his present weak state, might be fatal to him. He still

continues to take only milk diet, having refused both meat and

wine.

Dr. G. Schweinfurth has taken up his abode in the

Italian colony on the Red Sea for the purpose of completing
his investigation of the flora of Yemen and of Northern Abys-
sinia. He is accompanied by Dr. D. Riva, of Bologna.

Prof. L. H. Bailey has been appointed special agent of the

United States Weather Bureau for the purpose of making a

report on phenology, and the relation of climate to the times of

blooming, fruiting, and leafing of plants.

Mr. Worthington G. Smith reports that he has now

made water-colour drawings of 492 species of British Basidio-

mycetes, including the whole of the white-spored species of

Agaricus, for the public gallery in the Botanical Department
of the British Museum. The total number of British Basidio-

viycetes is over 2000, and these are intended to be completed on

96 sheets. Closely-allied species are placed side by side, so

that the salient points of differentiation can be seen at a glance.

The fourth number of the Journal of the Leprosy Investiga-

tion Committee, just issued, presents much information on

leprosy in Russia, Brazil, and Madeira. It contains also papers

on the communicability of leprosy by vaccination, and various

notes and abstracts. We learn from the Journal that the Report

of the Leprosy Commission, together with an appendix contain-

ing the results of their laboratory work, is being printed in

India, and will probably be ready for issue from the office of the

National Leprosy Fund, in London, in a very few weeks.

The people of Vienna have been greatly alarmed by the out-

break of a new epidemic, which is believed by some to be con-

nected with the influenza. It affects the intestines, its symp-

toms being fever and acute colic, with the ejection of blood.

Its' appearance seems to indicate the absorption of some

poisonous matter. At first it was attributed to the drinking-

water, but this view has been generally abandoned. A repre-

sentative of a Vienna newspaper has taken the opinion of some

of the leading Vienna physicians on the subject. Prof. Noth-

nagel hesitated to pronounce any judgment on the nature of the

illness, the facts not having been sufficiently studied. Prof.Drasche

thought it might be "nothing else than a distinct form of

influenza," and was confident that it was not due to the drink-

ing-water. Prof. Oser was also sure that the drinking-water had

nothing to do with the disease, and "did not consider that

there was any indisputable evidence of its connection with

influenza." Dr. Bettelheim seemed to think that there was

something in common between influenza and the new malady
called "catarrh of the intestines." He based his opinion on

the fact that from the day when the latter made its appear-

ance in an epidemic form cases of ordinary influenza had begun

to decrease. He looked upon them both as being of an in-

fectious nature. A chemical analyst, Dr. JoUes, said it would

require three weeks to make a bacteriological inquiry into the

character of the illness. A chemical analysis of the drinking-

water showed it to be of normal purity.
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An appeal on behalf of the Polytechnic (Regent Street)

Institute has been issued this week by Lord Reay, Lord Comp-
ton, Mr. Mundella, Sir Lyon Playfair, Dr. Gladstone, and

other gentlemen, who have lately been appointed on the

governing body. They have found the following condition of

affairs :
—Mr. Quintin Hogg has himself up to the present time

paid all the deficiencies of the Institute, besides finding very large

sums for constantly building and adding to the premises,

amounting to in all about ;^i 50,000. Over ;^23,ooo is con-

tributed annually in fees, subscriptions, &c., by those who
make use of the Institute, and ;f3500 is allowed by the City

Charities Fund, but there still remains to be met a yearly

deficit of ;[^4000. The only way in which the governing body
could curtail expense would be to close the Young Women's

Institute and the large and numerously attended Art School.

They are, of course, extremely reluctant to take this step ;
so

they ask those who value the work done by the Polytechnic to

provide a sum of ;^4000 per annum for three years. By that

time, they trust, aid for technical education may be forthcoming

from the London County Council. A donation of £yx) for

this year's expenses has been promised by Mr. J. Carnegie, and

it may be hoped that the governing body will have the satis-

faction of being able to meet the difficulty. As they point out,

more students are now receiving technical education at the

Polytechnic than were being so instructed in the whole of

London before the institution was started
;
and there is not the

slightest exaggeration in the statement that it would be difficult

"
to over-estimate the benefits which have accrued to the nation

at large, and London in particular, from this branch alone of the

Polytechnic work."

A COMPANY has presented to the Committee of Ways and

Means in connection with the World's Fair, Chicago, a propo-
sition which is likely to attract some attention. The company
proposes to connect all the large cities of the United States by
wires in such a manner that when the President presses the

button for the official opening of the Exposition he will not only
start in motion the machinery of the World's Fair, but will

ring the fire bells and hoist the Stars and Stripes in every town
in the country, and also open

" the largest mechanical, electrical,

and musical concert ever given on earth." According to the

American journal Electricity, this is all to be done without cost

to the Exposition management. Nothing is asked beyond the

sanction of the management to the proposed idea, consent to

proceed, and the assurance that a similar privilege will be given
to no other person or company.

According to a report recently published in Germany, there

were, in 1889, 5260 workmen killed in accidents, and 35,392

seriously injured. These losses do not vary much from one year
to another. M. Vacher, in La Nature, compares the figures

with those of the killed and wounded at Gravelotte—one of the

most murderous battles in this century
—which were 4449 and

20,977. The industries furnishing most accidents are as follows,

in descending order : mines, railways, quarries, subterranean

works, building, breweries. All industries are arranged in 64

corporations, and it is estimated that more than 4^ millions of

workpeople are insured. Wounds and fractures are the most

usual form of injury, and the duration of treatment tends to in-

crease every year, by virtue of a law which makes an allowance

when incapacity for work exceeds three weeks (this was based

on the observation that fractures were generally healed in three

weeks). Since this law was introduced, the treatment of fractures

has taken longer. There are always more accidents in winter

than in summer, and on Mondays and Saturdays than on other

(lays. Also there are twice as many accidents from 9 a.m. to

noon, and from 3 to 6 p.m., than from 6 lo 9 a.m., and from

noon to 3 p.m. Better light in summer, and fatigue towards
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the end of each half-day of six hours, are supposed to explain

some of these variations.

In the February number of Nature Notes, Mr. Robert

Morley vouches for the accuracy of a story which seems to in-

dicate the possibility of very tender feeling in monkeys. A
friend of Mr. Morley's, a native of India, was sitting in his

garden, when a loud chattering announced the arrival of a large

party of monkeys, who forthwith proceeded to make a meal off

his fruits. Fearing the loss of his entire crop, he fetched his

fowling-piece, and, to frighten them away, fired it off, as he

thought, over the heads of the chattering crew. They all fled

away, but he noticed, left behind upon a bough, what looked

like one fallen asleep with its head resting upon its arms. As it

did not move, he sent a servant up the tree, who found that it

was quite dead, having been shot through the heart. He had

it fetched down and buried beneath the tree ;
and on the morrow

he saw, sitting upon the little mound, the mate of the dead

monkey. It remained there for several days bewailing its loss.

At the meeting of the French Meteorological Society on Jan. 5

M. Janssen, in his Presidential address, said that meteorology was

passing through a critical and interesting period of its history ;

it cannot fully render the important services expected of it until

it has been sufficiently cultivated for its own sake, without

reference to its application to other sciences, such as agricul-

ture, &c. He could not too strongly recommend the more

general use of photography for the registration of certain phe-

nomena. Observations in balloons, and on mountain-stations,

should be utilized as much as possible, as the latter will have a

considerable effect on the progress of the science. He also

urged the necessity of constructing self- registering instruments,

working automatically for a lengthened period, owing to the

difficulty of obtaining continuous records at the highest stations.

M. H. Lasne made some remarks on the subject of a com-

munication by M, Teisserenc de Bort at a previous meeting,

relating to barometric gradients. He thought that the repre-

sentation of the surface isobars drawn in section in a conve-

niently chosen vertical plane, is of advantage from a graphical

point of view, in order to show approximately the march of the

phenomena. On the other hand, he was of opinion that, if

calculations were introduced with a view to greater precision,

there would be no longer any advantage in making use of the

difference of height of the surface isobars.

General Greely, Chief Signal Officer of the United States

Army, has just issued a set of international monthly charts of

mean barometric pressures and wind directions at about noon

(G.M.T.) for 1882 and 1883, for a large part of the northern

hemisphere. It will be remembered that this was the period at

which special observations were made by the International Polar

Expeditions. All the data available for the Polar regions have

been used in the preparation of these charts, and they therefore

contain more observations made within the Arctic Circle than

any previous charts issued by the Signal Office. They show

that the general features of barometric pressure in the Arctic

regions are a principal minimum in July, followed by a prin-

cipal maximum in November, with secondaries in January and

April (or May) respectively. The author states that he has

prepared, and hopes soon to publish, charts of the mean monthly

pressures, as determined for the northern hemisphere from the

international synchronous observations during ten successive

years. He also expresses the hope that some of the meteoro-

logists connected with the International Polar Expeditions will

confirm or disprove the theory of a regular march of barometric

pressure from month lo month throughout the earth, and not

simply 10 and from the oceans and interior of continents, with

alternating summer and winter. The unravelling of the com-
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plex conditions produced by the march of various types of

pressure from one part to another is a necessary prelude of

long-time weather predictions for large areas.

The Mediterranean Naturalist for January prints some good
notes, by Mr. J. J. Walker, R.N., on ants' nest beetles at

Gibraltar and Tangier, with especial reference to the Hisperidae.
The search for ants' nest Hister is a somewhat troublesome

employment, as only about 2 or 3 per cent, of the ants' nests

contain the beetle. Mr. Walker, however, thinks "it is a pretty

sight, and one which compensates for a great deal of strain to

the eyes, as well as to the back, to seQ2iSternocirlis or Eretmotus

lying motionless among the hurrying crowd of ants, and then,

suddenly developing an amount of leg quitesurprising in so small

a creature, marching off daintily on the tips of its toes (or rather

tarsi) with a ludicrous resemblance, in its gait and appearance,
to a tiny crab." The comparatively weak mandibles of the ants

are ineffective against the hard armour and tightly packed limbs

of the beetles, which devour the helpless brood with impunity.
Mr. Walker has more than once taken 6". actitanguhis with a

half-eaten larva in its jaws, and they are usually to be found

clinging to the masses of larvae where these lie thickest. On the

other hand, he once (but once only) saw an ant take up a

S. arachnoides in its mandibles and carry it off into a lower

gallery of the nest ; but this may have been done under the

influence of alarm, the frightened ant seizing on the first object
that came in its way.

A VALUABLE map is issued with the current number of the

Proceedings of the Royal Geographical Society. It has been

constructed by Mr. W. J. Turner, in accordance with instructions

given by the Hon. George Curzon, who explains in a memo-
randum various matters connected with the work. The map,
with the memorandum and an index to the positions of places,
is to be bound in a handy form and published separately.

An interesting paper on the GranChacftis contributed by Mr.

J. Graham Kerr to the current number of the Scottish Geographical

Magazine. Mr. Kerr visited the Gran Chaco in connection with

the recent Pilcomayo Expedition. Most writers on the region
have piaised it in unmeasured terms ; and this judgment, con-

fined to the zone bordering the fresh- water rivers, is declared by
Mr. Kerr to be perfectly just. This zone has the advantages of

a beautiful climate, a magnificent deep alluvial soil, good drain-

age, and facility of access. Splendid forests of most valuable

timber alternate with pastures of the richest quality. But the

interior, and by far the larger part, of the Gran Chaco is totally

different. The usual utter absence of fresh water, and the poor-
ness of the soil and of the pastures, make the country unfit for

the agriculturist or the stock -raiser, while timber is comparatively
scarce. Mr. Kerr thinks that the Holywood and the Cascarandd,
as timbers, and the Uvira as a textile plant, will probably be

found almost the only productions of value in the interior.

The "
British Journal Photographic Almanac and Photo-

grapher's Daily Companion" for this year, edited by J. Traill

Taylor, seems to have increased in bulk, and is as interesting
as ever. The articles on the many and various subjects which

are dealt with by the contributors are well worth perusal. The
tables and the general information given in the volume are all that

a photographer requires. The frontispiece, which is a likeness

of William II., Emperor of Germany, is from a negative by
Messrs. Russell and Sons, and is produced here on bromide

paper, as an example of an average print.

Messrs. George Philip and Son have issued a valuable

little book on " Technical Education in the Counties," by George

J. Michell and Ernest Ileber Smith. It is based on a series of

articles which appeared last year in the County Council Times.

The authors have had a large experience in teaching the classes
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who will be specially affected by the new instruction provided
by the Technical Instruction Act. After a general chapter on
national education, they deal with special agricultural require
ments, night science agricultural schools, the cost of secondary
and night science and agricultural schools, higher agricultural
schools, and agricultural colleges and universities. Among
other subjects discussed are the requirements of mining districts,

manufacturingiand engineering requirements, and the educational
needs of girls.

The Cambridge University Press has issued a "
Catalogue of

the Type Fossils in the Woodwardian Museum, Cambridge," by
Henry Woods, of St. John's College. Prof. T. McKenny
Hughes contributes a preface.

Messrs. J. B. Balliere et Fils, Paris, have issued a

French translation of ten well-known essays by Prof. Huxley.
The volume is entitled

" Les Problemes de la Geologic et de la

Paleontologie.
"

The United States National Museum has published a paper,

by Prof. E. D. Cope, on the characters of some Palaeozoic

fishes.

Charles Lunn's "Philosophy of the Voice" has been
translated into German by Herr Ludwig J. Triig. A special
value is given to this translation by various additions which
have been made by Mr. Lunn himself

Two new compounds of carbon, chlorine, and bromine are

described by M. Besson in the current number of the Compies
rendus. There are three possible chlorobromides of carbon—
CClsBr, CCIaBrj, and CCIBrj. The first of these compounds,
CCIjBr, was obtained some time ago by Messrs. Friedel and

Silva, by heating bromine and chloroform together in sealed

tubes to 170° C. M. Besson now shows that this reaction, when
carried further at higher temperatures, yields all three chloro-

bromides, which may readily be separated by fractional distilla-

tion. The mixture of bromine and chloroform, in the propor-
tion of two atoms of the former to each molecule of the latter,

is best heated in a sealed tube first for two hours at 225°. The
end of the tube is then softened in the blow-pipe flame, in order

to permit of the escape of the hydrobromic acid which is evolved

during the first stage of the reaction. The tube is then closed,

and again heated, this time to 250°, after which it is reopened,
and the pressure of gas, which is now mainly hydrochloric acid,

released. The tube is finally closed, and heated to 275°, at

which temperature the reaction is complete. By proceeding in

this manner, the risk of the tube being fractured by the enor-

mous pressure of the evolved hydrobromic and hydrochloric acids

is minimized. The explanation of the formation of all three

chlorobromides is probably as follows. The bromine first reacts

with the chloroform with production of the direct substitution

products, CCIgBr and CClgBrj, according to the equations

CHCI3 -f Bra = CCIsBr + HBr,

CHCI3 -f Bra = CCIgBra + HCl.

Subsequently, at a higher temperature, the hydrobromic acid

reacts upon the compound CCIaBra, producing CClBrg and

hydrochloric acid,

CCIaBr, + HBr = CClBra 4- HCl.

It would doubtless be more profitable to complete the whole
reaction at once by heating to 250" if glass tubes were capable
of withstanding the pressure, but M. Besson finds that they

invariably burst if this is attempted. Upon fractionally distilling

the product of the reaction, three fractions are obtained. The

first, boiling at 103-105"', consists of CClsBr ; the second, which
distils constantly at 135° and usually solidifies in the receiver,

consists of CCl^Bra ; the third fraction, consisting of CClBrg,
boils at 160°, and rapidly solidifies as it condenses. The first
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chlorobromide, CClsBr, is a clear liquid which crystallizes when

cooled to —21°. The compound CClgBrj is a solid at the

ordinary temperature, crystallizing in fine needles ; it melts,

however, to a clear liquid at 22°, and distils without decomposi-
tion at 135°. The density of the liquid at 25° is 2'42. It is

endowed with an odour recalling that of chloroform, and, like

the latter liquid, volatilizes rapidly at ordinary temperatures, its

vapour tension at 16° being equal to 21 millimetres of mercury.

The third chlorobromide, CClBrj, is readily soluble in ether, from

which it crystallizes upon cooling in the form of transparent tabu-

lar crystals of specific gravity 271 at 15°, and which fuse at 55°.

When distilled it suffers a slight amount of decomposition, a

little bromine vapour being liberated. Its odour very much

resembles that of carbon tetrabromide. It is very soluble in

chloroform and carbon tetrachloride, but is much more

difficultly soluble in alcohol.

The additions to the Zoological Society's Gardens during the

past week include a Green M.onVey {Cercopithcais callitrichtis S )

from West Africa, pi-esented by Mr. W. E. Tandy ; a Black-

eared Marmoset {Hapale penicillata) from South-East Brazil,

presented by Mr. Harley M. Usill ;
two Herring Gulls {Larus

argentatiis), British, presented by Mr. T. A. Cotton, F.Z. S. ;

a Dwarf Chameleon {Chatticeleon ptcmilus) from South Africa,

presented by Captain J. C. Robinson ;
a Tabuan Parrakeet

{Pyrrhtilopsis tabiian) from the Fiji Islands, received in

exchange ; six Dingos (Canis dingo), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
Report of the U.S. Naval Observatory.—The Annual

Report of the Superintendent of the U. S. Naval Observatory for

the year ending June 30, 1891, has just been received. Prof.

Hall has been using the 26-inch equatorial for observations of

double stars, and his results will soon be reduced and published
in a catalogue. The transit circle has been employed by Prof.

Eastman in observations of the sun, moon, and planets, and
stars necessary for clock and instrument corrections. Prof.

Frisby has charge of the 9 •6-inch equatorial, and has made a

number of observations of comets, asteroids, occultations of

stars by the moon, and the transit of Mercury which occurred

on May 9. the first and second contacts being successfully ob-

served. The photographs of the transit of Venus in December
1882 have been reduced and discussed, but the whole of the

work in connection with the determination of the solar parallax
is not yet completed. The solar eclipse of April 15, 1893,
occurs under very favourable conditions, and Captain McNair

hopes that every advantage will be taken of this circumstance.

We note that on two nights a week the 9 '6- inch equatorial is

set apart for the accommodation of visitors. During the period
covered by this Report 2360 persons availed themselves of this

privilege.

Observations of Nebula and Star-Clusters.—In

1884, M. Bigourdan began to make micrometric measures of

nebulae observable at Paris, and a portion of his work, contain-

ing positions of nebulae and star-clusters between I5h. and l6h.

of right ascension, has recently been published. As an intro-

duction, a brief account is given of the growth of the idea that

nebulse represent an important stage in the development of

celestial species ; and it is pointed out that measures such as

those made at Paris will enable any proper motion to be deter-

mined. If successive careful measures should fail to show any
proper motion, numerous observations of the motion of nebulae

in the line of sight will furnish data for the determination of

the minimum distance of these bodies from the earth. M.
Bigourdan next traces the gradual increase in the number of

nebulse recorded, goingbackto the "
Almagest,"in which Ptolemy

mentions six. Precise observations are said to commence with

Messier, and it is estimated that the co-ordinates of about 1500
nebulse are now accurately known. At Paris the positions of

nebulse have been determined relatively to certain comparison-
stars by the method usually adopted for comets

; the difference

neb.--^ being found in right ascension by the diiiference in the

times of transit, and in declination by micrometric measures.

The instrument employed in the work has an aperture of 0^32
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metres, and a focal length of 5 '20 metres. The tabulated

observations are made up of eighteen columns. First the

N.G.C. number is given, and then the name of the discoverer

and the date of observation. After this, the magnitude of the

nebula is indicated. A nebula, just visible with the instrument

employed, is assigned the magnitude I3'5, this number repre-

senting the faintest star that it can grasp. The majority of

nebulse observed have magnitudes comprised between 13 '2 and

I3'5. The state of the sky at the time of observation has, of

course, been recorded, and another number is tabulated to in-

dicate the relative ease with which the nebula could be measured.

This brief outline of the Catalogue is a sufficient testimony of

the care with which M. Bigourdan has done his work, so far as

it goes. It is to be hoped that the publication of the completed
Catalogue is not very far ahead.

Solar Observations.—Prof. Tacchini, in Comptes rendtis

for January 25, gives the following rc'su?ne of solar observations

made at the Royal Observatory of the Roman College during
the last quarter of 189 1 :

—
Relative frequency Relative magnitude No. of
^ ,, xgroups

Number of of days per

i8gi. days of of spots, without of spots, of faculae. day.
observation. spot?.

October ... 26 ... 15-54 ... Q-oo 54-69 ... 85-77 4-96
November... 22 ... 12-50 ... 0-00 61-38 ... 5r5o 3-41
December... 18 ... 8*57 ... Q-oo 42-18 ... 35-36 2-68

A comparison of these numbers with those for the preceding

quarter shows a slight diminution in the phenomena of spots
and faculse. It should, however, be remarked that on no day
has the sun been free from spots, and the frequency of groups
remains about the same.

The observations of solar prominences are summed up as

follows :
—

Number of
, r Mean Mean
^''y^ °f

number. height.

October
November ..

December ..

observation.

... 22 ...

... 15 ...

... 21 ...

982
573
6-48

43 '6

35 '4

40-2

Mean
extension.

17
. 1-6

,. 2-2

Prominences were frequently observed in September and also

in October, but since this month the number has slightly dimin-

ished. The mean number for the quarter covered by this

resume is about the same as that of last quarter.
M, Marchand gives the results of solar observations made at

Lyon Observatory during the latter half of 1891, in the current

Comptes rendus. The proportion of spotted surface, expressed
in millionths of the sun's visible hemisphere, and the surface

covered by faculse expressed in thousandths of the visible hemi-

sphere, is stated as follows :
—

Spots. Faculae. Spots. Faculae.

July ... 1696 ... 382 October ... 1180 ... 49-6

August .. 957 ... 40-5
I

November... 748 ... 39-2

September... 2469 ... 51-3 December ... 947 ... 50-0

The total spotted surface is thus 7999 millionths of the visible

hemisphere, this being covered by loi groups. The preceding
half year's observations gave 65 groups and a surface of 3517
millionths. Spots have been more numerous in the northern

than in the southern hemisphere in the ratio 69 : 32. This

predominance of activity in the northern hemisphere also holds

good for faculse. The total surface covered by groups of faculse

is 268-8 thousandths of the visible hemisphere, as against 1363
thousandths in the first six months of last year. The number of

groups of faculse giving these values was 152 (July to December)
and 131 (January to June).

Measures of the Nebula near Merope.—Astronomische

Nachrichten, No. 3074, contains an account of some measures
of the faint nebula discovered by Mr. Barnard close to the

bright star Merope, in the Pleiades. The measures were made

by Mr. S. W. Burnham with the 36 inch equatorial. The

position-angle and distance found by Mr. Burnham are,

1 66° '3 and 36"" 10 (i 891 -71). These values agree very well with

the values i65°-8 and 36"-85 (1890-92) deduced from Mr.
Barnard's observations of the differences of R.A. and Deck
between the star and the nebula. This extremely close a.ssocia-

tion of a faint nebula with a bright star is most remarkable; and
it will be interesting to determine, by careful measures in the

future, whether the patch of nebulosity is drifting through space
with Merope and the other members of the Pleiades group.
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JOURNEYS IN THE PAMIRS AND ADJACENT
COUNTRIES.

'T'HIS was the subject of the paper read at the meeting of

the Royal Geographical Society, on Monday, by Captain
F. E. Younghusband. The author described two journeys, one
in 1889 across the Karakorum and into the Pamir, the other in

1S90 to Yarkand and Kashgar, and south to the Pamirs again.
"The country," he said,

" which I now wish to describe to you
i> that mountainous region lying to the north of Kashmir, which
from the height, the vastness, and the grandeur of the moun-
tains, seems to form the culminating point of Western Asia.

When that great compression in nature took place this seems to

have been the point at which the great solid crust of the earth

was scrunched and crushed together to the greatest extent, and
what must have formerly been level peaceful plains such as

we see to the present day on either hand, in India and in

Turkistan, were pressed and upheaved into these mighty
mountains, the highest peaks of which are only a few hundred
feet lower than Mount Everest, the loftiest point on this earth.

It was amongst the peaks and passes, the glaciers and torrents

of this awe-inspiring region, and anon over the plain-like valleys
and by tha still, quiet lakes of the Pamirs that my fate led me in

the journeys which I have now come before you to describe."

Starting from I^eh, in Ladak, Captain Younghusband's first

objective point was Shahidula. This place is situated on the

trade route to Yark and, and is 240 miles distant from Leh.
This he left on September -3, to explore the country up to the

Tagh-dum-bash Pamir.
The route now led up the valley of a river, on which were

several patches of fine grazing, and till last year this had been
well inhabited, but was now deserted on account of Kanjuti
raids. The valley is known by the name of Khal Chuskun.
Chuskun in Turki means resting-place, and Kbal is the name
of a holy man from Bokhara, who is said to have rested here

many years ago. The mountains bounding the north of this

valley are very bold and rugged, with fine upstanding peaks and

glaciers ; but the range to the south, which Hayward calls the

Aktagh Range, was somewhat tame in character, with round
mild summits and no glaciers. The Sokhbulak is an easy pass,
and from its summit to the east could be seen the snowy range
of the western Kuenlun Mountains, while io the west appeared
a rocky mass, of mountains culminating in three fine snowy
peaks which Hayward mistook as belonging to the main Mustagh
Range, but which in fact in no way approach to the height and

magnificence of those mountains, and really belong to the

Aghil Range, which is separated from the Mustagh Mountains

by the valley of the Oprang River.
On September 11, the party crossed the remarkable depression

in the range which is known as the Aghil Pass.
" From here is obtained one of the grandest views it is possible

to conceive
; to the south-west you look up the valley of the

Oprang River, which is bounded on either side by ranges of

magnificent snowy mountains, rising abruptly from either bank,
and far away in the distance could be seen the end of an im-
mense glacier flowing down from the main range of the Mustagh
Mountains. This scene was even more wild and bold than I

had remembered it on my former journey, the mountains rising

up tier upon tier in a succession of sharp needle-like peaks
bewildering the eye by their number, and then in the background
lie the great ice mountains—white, cold, and relentless, defying
the hardiest traveller to enter their frozen clutches. I deter-

mined, however, to venture amongst them to examine the

glaciers from which the Oprang River took its rise, and leaving

my escort at the foot of the Aghil Pass, set out on an exploration
in that direction. The first march was easy enough, leading over

\

the broad pebbly bed of the Oprang River. Up one of the

gorges to the south we caught a magnificent view of the great ,

peak K 2, 28,278 feet high, and we halted for the night at a spot
from which a view of both K 2 and of the Gushirbrum peaks, four

of which are over 26,000 feet, was visible. On the following day
our difficulties really began. The first was the great glacier
which we had seen from the Aghil Pass ;

it protruded right
across the valley of the Oprang River, nearly touching the cliffs

on the right bank ; but fortunately the river had kept a way for

itself by continually washing away the end of the glacier, which
terminated in a great wall of ice 150 to 200 feet high. This

glacier runs down from the Gushirbrum in the distance towering

up to a height of over 26,000 feet. The passage round the end
of the glacier was not unattended with danger, for the stream
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was swift and strong, and on my own pony I had to reconnoitre

very carefully for points where it was shallow enough to cross,

while there was also some fear of fragments from the great ice-

wall falling down on the top of us when we were passing along
close under it. After getting round this obstacle we entered a

gravel plain, some three-quarters of a mile broad, and were
then encountered by another glacier running across the valley of

the Oprang River. This appeared to me to be one of the principal
sources of the river, and I determined to ascend it. Another

glacier could be seen to the south, and yet a third coming in a

south-east direction, and rising apparently not very far from the

Karakorum Pass. We were, therefore, now in an ice-bound

region, with glaciers in front of us, glaciers behind us, and

glaciers all around us. Heavy snow-clouds too were unfortunately

collecting to increase our difficulties, and I felt that we should

have a hard task before us. On first looking at one of these

glaciers it would appear impossible to take ponies up them, but

the sides are always covered with moraine, and my experience
in the exploration of the Mustagh Pass in 1887 showed that by
carefully reconnoitring ahead, it was generally possible to take

the ponies for a considerable distance at least up such glaciers ;

and as the one we had now reached seemed no worse than

others, and there appeared a gap in the range which looked as

if it might be a pass, I took my ponies on, and after three days'

scrambling on the ice, reached the foot of the supposed pass,
and started at 3.30 on the following morning to find if it was at

all practicable."

Captain Younghusband was, however, obliged to return after

reaching a height of 17,000 feet, and he decided to return to his

camp on the Oprang River. He thus describes the glaciers
from which this river takes its rise :

—
"The length of this glacier is 18 miles, and its average

breadth half a mile
;

it is fed by three smaller glaciers on the

west and one on the east. At its upper parr, immediately under
the pass, it is a smooth undulating snow-field about a mile and
a half in width. Lower down this iicvc is spilt up into crevasses,
which increase in size the further down we get. Then the sur-

face gradually breaks up into a mass of ice-domes, which lower
down become sharp needle like pinnacles of pure white ice.

On each side lateral gravel moraines appear, and other glaciers

join, each with its centre of white ice-peaks and its lateral

moraines, and preserving each its own distinct course down ihe

valley, until some three miles from its termination in the Oprang
River, when the ice-peaks are all melted down and the glacier

presents the appearance of a billowy mass of moraine, and would
look like a vast collection of gravel heaps, were it not that you
see, here and there, a cave or a cliff of ice, showing that the

gravel forms really only a very thin coating on the surface, and
that beneath is all pure solid ice. This ice is of opaque white,
and not so green and transparent as other glaciers I have seen,
and the snow at the head of the glacier was different from any I

have seen before ; for beneath the surface, or when it was
formed into lumps, it was of the most lovely pale transparent
blue. I must mention, too, that every flake of snow that fell in

the storm was a perfect hexagonal star, most beautiful and
delicate in form. The mountains on either side of the valley,

especially on the eastern side, are extremely rugged and preci-

pitous, lorming little or no resting-place for the snow, which
drains off immediately into the glacier below. The western

range, the main Mustagh Range, was enveloped in clouds nearly
the whole time, and 1 only occasionally caught a glimpse of

some peak of stupendous height, one of them, the Gushirbrum,
over 26,000 feet, and others 24,000 feet. The snowfall on these

mountains must be very considerable, and it seems that this knot
of lofty mountains attracts the great mass of the snow-clouds,
and gets the share which ought to fall on the Karakorum, while
these latter, being lower, attract the clouds to a less degree, and
are in consequence almost bare of snow."

After some further exploration of the glaciers, rivers, and

passes in this wild region. Captain Younghusband returned to

India by way of Kashmir. In the summer of 1890, he once
more made his way northwards through Kashmir, with a com-

panion, Mr. Macartney. They reached Yarkand on August 31." After a rest of two or three weeks at Yarkand," Captain
Younghusband went on to sa)-,

"
Macartney and I left our com-

panions and started for a trip round the Pamirs. Approaching
this interesting region from the plains of Kashgaria, one sees

clearly how it has acquired the name of Bam-i-dunya, or Roof
of the World. The Pamir Mountains rise apparently quite
suddenly out of the plain from a height of 4000 feet above sea-
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level at their base to over 25,000 feet at their loftiest summits—
a massive wall of rocks, snow, and ice. Mounting this wall the

traveller comes on to the Bam-i-dunya, which would perhaps be
better translated as the '

upper story
'

of the world. Houses in

Turkistan are flat-roofed, and you ascend the outer wall and sit

out on the roof, which thus makes an upper story, and it appears
to me that it was in this sense that the Pamir region was called

the Roof of the World. The name, indeed, seems singularly

appropriate, for once through the gorges which lead up from the

plains, one enters a region of broad open valleys separated by
comparatively low ranges of mountains. These valleys are

known as Pamirs-—Pamir being the term applied by the natives

of those parts to a particular kind of valley. In the Hindu
Kush and Himalayan region the valleys as a rule are deep,
narrow, and shut in. But on the Roof of the World they seem
to have been choked up with the debris falling from the moun-
tains on either side, which appeared to me to be older than those

further south, to have been longer exposed to the wearing pro-

cess, and to be more worn down—in many parts, indeed, being
rounded off into mere mounds, reminding one very much of

Tennyson's lines :
—

" ' The hills are shadows, and they flow
From form to form, and nothing stands ;

They melt like mist ; the solid lands.
Like clouds they shape themselves and go.'

The valleys have thus been filled up faster than the rainfall has
been able to wash them out, and so their bottoms are sometimes
as much as four or five miles broad, almost level, and of con-

siderable height above the sea. The Tagh-dum-bash Pamir
runs as low as 10,300 feet, but on the other hand, at its upper
extremity the height is over 15,000 feet ;

and the other Pamirs

vary from twelve or thirteen to fourteen thousand feet above sea-

level. That is, the bottoms of these Pamir valleys are level

with the higher summits of the Alps.
"As might be expected, the climate is very severe. I have

only been there in the autumn, and can therefore speak from

personal experience of that season only ; but I visited them in

three successive years, and have seen ice in the basin of my tent

in August. I have seen the thermometer at zero (Fahrenheit)
at the end of September, and 18° below (that is, 50° of frost)
at the end of October. The snow on the valley bottoms does
not clear away before May is well advanced. June and July
and the beginning of August are said to be pleasant, though
with chilly nights ;

and then, what we in England might very

justly call winter, but which, not to hurt the feelings of the

hardy Kirghiz who inhabit these inhospitable regions all the year
round, we will, for courtesy's sake, call autumn, commences."

Captain Younghusband and Mr. Macartney advanced up those

long gravel desert slopes which lead out of the plains of Turk-

istan, and then through the lower outer ranges of hills covered
with a thick deposit of mud and clay, which Captain Young-
husband believes to be nothing else than the dust of the desert,
which is ever present in the well-known haze of Turkistan,

deposited on the mountain-sides ; then over the Kara-dawan,
Kizil-dawan, and Torat Passes ; through the narrow defile

known as the Tangitar, where one has to force the ponies up a

deep violent stream rushing over huge boulders between precipit-
ous rocky cliffs, in which they noticed large square holes pierced,

suggesting to them that in former days this, the high road between
Eastern and Western Asia, was probably improved by having a

bridge over this difficult and dangerous part ; then over the

Chichiklik and Koh-mamak Passes and the Tagarma Plain, till

they reached the neighbourhood of Tash-kurgan, the northern-

most point of Captam Younghusband's explorations in the pre-
vious year. Passing through the Little Pamir, they struck the

Alichur Pamir near Chadir-tash at its eastern extremity, and
from there they looked down a broad level valley, averaging four

or five miles in width, to some high snowy peaks overhanging
Lake Yeshil-kul at its western extremity. The range bounding
this Pamir on the north is free of snow in summer, but that

separating it from the Great Pamir is of considerable height, the

summits are always covered with snow, and the passes across it

difficult. Traces of ancient glaciers are very frequent, and the

western end near Lake Yeshil-kul is choked up with their

moraines, forming a sea of gravel mounds, in the hollows of

which numerous lesser lakes may be seen. On the borders of

Yeshil-kul, at a place called Somatash, Captain Younghusband
found the fragments of a stone bearing an ancient inscription in

Turki, Chinese, and Manchu. This interesting relic, as far as

Captain Younghusband has been able to get the rubbings he
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took of it translated, refers to the expulsion of the two Khojas^
from Kashgar by the Chinese in 1759, and relates how they were

pursued to the Badakhshan frontier.

From the Ak-su Valley the two travellers ascended the

sterile valley of the Ak-baital, which at this season of the year
(October) has no waterin it, and visited Lake Rang-kul. "On
the edge of this lake is a prominent outstanding rock, in which
there is a cave with what appears to be a perpetual light burn-

ing in it. This rock is called by the natives Chiragh-tash, i.e.

the Lamp Rock, and they account for the light by saying that it

comes from the eye of a dragon which lives in the cave. This

interesting rock naturally excited my curiosity. From below I

could see the light quite distinctly, and it seemed to come from
some phosphorescent substance. I asked the Kirghiz if any
one had ever entered the cave, and they replied that no one
would dare to risk the anger of the dragon. My Afghan
orderly, however, had as little belief in dragons as I had, and
we set off to scale the cliff together, and by dint of taking off

our boots and scrambling up the rocks, very much like cats, we

managed to reach the mouth of the cave, and on gaining an
entrance found that the light came neither from the eye of a

dragon nor from any phosphorescent substance, but from the

usual source of light
—the sun. The cave, in fact, extended to

the other side of the rock, thus forming a hole right through it.

From below, however, you cannot see this, but only the roof of

the cavern, which, beirg covered with a lime deposit, reflects a

peculiar description of light. Whether the superstitious Kirghiz
will believe this or not I cannot say, but I think the probability
is that they will prefer to trust to the old traditions of their fore-

fathers rather than the wild story of a hare-brained stranger.
The water of Rang-kul is salt, and the colour is a beautiful

clear blue. The mountains in the vicinity are low, rounded,
and uninteresting, though from the eastern end a fine view of

the great snowy Tagarma Peak may be obtained."

The winter was spert in Kashgar. On July 22, 1891, Captain

Younghusband left to return to India by way of the Pamirs and

Gilgit." On reaching the Little Kara kul Lake, apiece of interesting

geography, which I believe had been first noticed by Mr. Ney
Elias, on his journey through these parts some years ago, pre-
sented itself. Captain Trotter, of the Forsyth mission, saw
from the plains of Kashgar a stupendous peak, the height of

which he found to be 25,300 feet, and the position of which he
determined accurately. From Tash-kurgan or its neighbour-
hood he also saw a high mountain mass in the direction of the

peak he had fixed from near Kashgar ;
bad weather prevented

his determining the position of this second peak, but he thought
there was no doubt that the two were identical. Such, however,
is not the case. There are two peaks, about 20 miles apart, one on
either side of the Little Kara-kul Lake. That seen from Tash-kur-

gan is the true Tagarma Peak, and cannot be seen from Kashgar ;

while that seen from Kashgar cannot be seen from Tash-kurgan.
There appeared to me to be very little difference in height
between the two. Both are remarkable not only for their

extraordinary height, but also for their great massiveness. They
are not mere peaks, but great masses of mountain, looking from

the lake as if they bulged out from the neighbouring plain ;
and

one sees far more distinctly than is usually the case, the layers

upon layers of rock which have been upturned like the leaves of

a book forced upwards. It struck me too, especially from the

appearance of the rocks in the neighbourhood of the northern-

most peak, that these must have been upheaved far more

recently than the worn-out-looking mountains in the centre of

the region of the Pamirs. The appearance of these two great
mountain masses rising in stately grandeur on either side of a

beautiful lake of clear blue water is, as may be well imagined, a

truly magnificent spectacle, and, high as they are, their rise is so

gradual and even, that one feels sorely tempted to ascend their

maiden summits and view the scene from the loftiest parapets of

the
' Roof of the World.'"

On October 4, Captain Younghusband and a companion left

the Tagh-dum-bash Pamir to explore "an interesting little coinei"

of Central Asia, the point where the two watersheds—the one

between the Indus on the south and the Oxus and Eastern

Turkistan rivers on the nonh, and the other between the Oxus
on the west and the eastern Turkistan rivers on the east—join.

If any point can be called the Heart of Central Asia I should think

this must be it. Here on the Oxus side of the watershed are vast

snowfields and glaciers, and among these, with three of its sides-

formed of cliffs of ice— the terminal walls of glaciers
—we found
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a small lake, about three-quarters of a mile in width, out of
which flowed the stream which joins the Panja branch of the
Oxus at Bozai-Gumbaz."

After this Captain Younghusband made his way down to

Kashmir.

THE INSTITUTION OF MECHANICAL
ENGINEERS.

/^N Thursday and Friday evenings of last week, the 4th and
^^^

5th inst., the Institution of Mechanical Engineers held
heir forty-fifth annual general meeting in the theatre of the

Institution of Civil Engineers, lent for the purpose by the

Council of the latter Society, according to custom.

The first business was the reading of the annual report of the

Council, from which it appears that the Institution continues to

prosper, both in regard to finances and membership. The
accumulated surplus now amounts to about ;^36,ooo, and is

increasing at the rate of over ;!^2000 per annum. At the end
of last year the number of names of all classes on the roll of

membership amounted to 2077, a net gain of 134 on the

previous year.
The following two papers were read and discussed :

—
(i) Notes on mechanical features of the Liverpool Water-

works, and on the supply of power by pressure from the public
mains, and by other means, by Joseph Parry, water engineer,

Liverpool.
(2) On the disposal and utilization of blast-furnace slag, by

William Hawdon, of Middlesborough.
The first paper was chiefly valuable is recording an attempt

of the Liverpool Corporation, who control the water supply of

the city, to establish a system of power distribution by means of

the ordinary mains. The Liverpool water supply is chiefly

interesting at the present time from the fact that the Vymwy
works and connections are all but comple:e. When this system
is in operation the Liverpool mains will carry a pressure of

water obtained by a natural head, due to the source of supply
being in the higher land of North Wales. At present there are

in active duty, in connection with the Lirerpool Water-works,
some fine examples of veteran pumping-engines. There is a

Cornish engine and boiler erected at the Windsor station in

1840 ; a crank engine made in 1837 ; and a fine old Cornish

pumping-engine and boiler made by ths celebrated firm of

Harvey and Co., of Hayle, in Cornwall. The cylinder of the

latter is 50 inches in diameter, with a 9-foot stroke, and is steam-

jacketed. The pump is I7i inches in diameter by 8 feet 9
inches stroke. The average boiler pressure is 35 pounds per
square inch. Since this engine began its career it has lifted

18,854 million foot-tons of water. By a recent trial its duty
was found to be 55 "7 millions of foot-pounds per cwt. of coal. The
indicated horse-power is about 86. The figures serve to show
that, in spite of higher pressures and quicker piston-speeds, now
so much talked of, not so much advance has been made in the

economy of big engines as one might be led to suppose from the

efforts that are made to introduce three and four stage com-

pounding, and the virtues that are attributed to it. The

average rate of water supply of Liverpool per head per day is

about 24^ gallons, and the water is distributed on the constant

service system. Mr. P. Howden's figures as to cost of various

systems of power supply are valuable, but they would have been
rendered still more so had he taken the further trouble of intro-

ducing a more orderly system of classification, and had he

given, in one or two instances, fuller information as to the

elements upon which he had based his calculations. However,
we must not look our gift horse too curiously in the mouth, and

any information on one of the great problems of the hour—
common power supply from central stations— is to be made the

most of at present. No doubt civilization has lagged behind
somewhat in this respect. Power "laid on" in our houses

might be as much a matter of course as the bringing of gas and
water to us by automatic means ; and doubtless this would do

something towards solving that other great problem of the hour—and most other hours—the domestic servant problem. At

present nearly all large buildings in London, and still more so

in America, have a fairly large power installation in their base-

ments. The number of steam boilers that are hidden away
among the foundations of large hotels, clubs, and stacks of

offices would surprise many people not familiar with these

matters. All this involves some, waste of room and some waste
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of energy. In New York a few months ago an effort was made
to solve the problem of power distribution by generating steam
in a gigantic battery of boilers in one central station, and

running the steam pipes all over the city ; so that one had only
to open a valve and the steam engine could be started forth-

with. The scheme was not altogether a success. After a very
short time New Yorkers were disagreeably surprised by
artificial geysers and mud fountams springing up in the middle
of some of the most frequented thoroughfares. A great outcry
was raised, and for some time it seemed as if popular indigna-
tion would compel the company to stop their work. We
believe, however, that there have been improvements lately, but
it does not seem probable that steam, conveyed in pipes, will be
the means by which power distribution will find its solu-

tion in England. Compressed air possesses strong advo-

cates, and in Paris the Popp system, originally devised

simply for working clocks from a common centre, has

proved a success. In England, however, we have the

recent failure at Birmingham, where much money has

been spent and many disappointments caused by an en-

deavour to supply compressed air for power purposes in

the city, which, perhaps, of all others in the world, offers the

most promising field for such an enterprise. The Hydraulic
Power Company has proved a success in London, and its rami-

fications extend over a wider area than most people imagine ;

but here, we think, the enterprise finds by far its greatest outlet

simply in working elevators and lifts. The gas companies are

the largest distributors of power. Perhaps the keenest struggle
for lighting and supplying domestic power will be between gas
and electricity. The latter has the advantage, from a power
point of view, that the motor is clean, compact, odourless, and

comparatively noiseless. There is no denying that the gas-engine
is not a pleasant neighbour. It is also difiicult to start, and re-

quires a large water supply ; it smells badly, and makes a noise.

On the other hand, it is far cheaper than electricity. Mr. Parry,
in his paper, gives an instance of a gas-engine working a hoist

in Liverpool at the cost of one-third of a penny per indicated

horse-power per hour, and this we should not class as a low

figure by any means ; whilst Sir James Douglass stated that the

charge made for the same unit of power by the Liverpool Electric

Supply Company was 5^/. per hour. There is one other source

of power which is yet in its extreme infancy, but of which, we
think, much will be heard before long. That is the oil-engine.
It cannot be brought into the category of power distribution,

however, as each motor of this kind must work on its own
bottom. For country districts and isolated positions, at any rate,

it offers great promise, and will assuredly take a prominent posi-
tion when the mechanical details have been brought to a higher
state of perfection. The chief interest in Mr. Parry's paper
centres in the tables giving figures as to cost. These may be

briefly summed up in the statement that when water at high

pressure (700 pounds) can be bought for 5^. per thousand gal-

lons, water power at average domestic pressure (50 to 70 pounds)
cannot compete with it. Whether high pressure water will be
able to beat electricity and gas is a problem the solution of

which is hidden in the future ; and doubtless all the systems
mentioned have advantages peculiar to them which would give
each in turn the preference under given conditions. Hydraulic
c^istribution has a great point in its favour when the exhaust-

water can be used for other purposes.
The disposal of blast-furnace slag would not appear a very in-

teresting question to the uninitiated, but it is really a very

important matter. In Great Britain the iron-masters of the

country produce annually 12,000,000 tons of this all but

unused material. It is the refuse of iron-smelting, and it may
be added that this annual supply of waste matter absorbs, and
radiates uselessly into space, heat units which require for their

production 653,000 tons of coal. A very small part of this slag
is applied to any useful end ; by far the greater quantity of it

simply cumbers the ground, or necessitates the spending of large
sums in carrying it out to sea. Of course, iron cannot be made
without producing slag. To smelt the ore limestone has to be
used in order to separate the various impurities with which it is

blended. In this way the slag is produced, and the purer metal

is obtained. Mr. Hawdon has devised a machine by which he
claims to have facilitated the removal and utilization of the slag.
In general principle it is not altogether novel, but it possesses
some features which, its inventor claims, renoer its working a

success, whereas failure has hitherto accompanied such efforts.

In the blast furnace the molten slag separates from molten
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iron in consequence of the difference in specific gravity of the

two. When the furnace is tapped, the iron runs off to the pig-
bed to be cast into the well-known form. The slag is usually run

into boxes, which are mounted on wheels. The passion for big-
ness which in the present day characterizes nearly all engineering

operations of this nature, has extended to slag handling, so that

a box will sometimes hold as much as four tons of slag. When
the mass is sufficiently cool to stand alone the sides of the

mould are lifted off by a crane, and the bogie is drawn away to

the "tip," or "
slag mountain," by a locomotive. As the

land covered by the "tip" is often very valuable, in some
localities being worth as much as ;i{'iooo per acre, it is desirable

for this reason alone that the slag should be dealt with in some
other way. When the iron-works have a sea outlet, the slag is

often taken away in vessels constructed for the purpose, and

dropped in deep water. The difficulty here is that the big

lumps, or "slag-balls," are difficult to handle. To lower them

gently into the barge is too costly, and if they are shot in they
are likely to start the rivetting. Hand-breaking was, therefore,
had recourse to—a tedious and costly process. In order to

overcome this difficulty, an ingenious plan, known as the dry core

ystem, has been devised. A hollow iron casting was placed so

that the slag would flow round it when run in the mould. This
was done so that the slag in cooling would contract round
the casting and break up into pieces small enough to be tipped
into the barge without injury to the plates and rivetting. Mr.
Hawdon has not found this method to be successful ; but it is

stated that others have followed the plan with advantage. In
America a method known as "slopping" is used, and un-

doubtedly with success. The molten slag is run on to a surface,
and a large but comparatively thin cake is so obtained. When
this layer is sufficiently cool, another is formed above it, and
then other layers, so that the whole forms a stratified mass, with

planes of demarcation between. Such a body is broken up with

comparative ease. Sometimes the slag is taken away in the
molten state in "boats" which are simply tanks on wheels.
It is then poured away, leaving a problem for the engineers, and

perhaps the geologists, of future generations to solve. There
have been other methods of dealing with slag, but these we
have not space to describe. Mr. David Joy, a well-known
mechanical engineer, took the matter up about twenty years ago,
and spent a year or two upon the problem. Some of the devices
he originated were extremely ingenious, but for reasons of a com-
mercial nature, his efforts were not continued. There are some
uses for furnace slag. It is made into bricks, it is drawn into

slag-wool, it is made into cement, and is broken up for ballasting

railways, pitching streams, or, when made into concrete, for

harbour and breakwater works. In spite of these uses, the great
bulk of the 12,000,000 tons produced each year has to be

tipped to waste, and the disposal of this useless by-product is no
small part of the iron-master's expense in running his works. It

is to aid this that the apparatus before referred to has been
devised by Mr. Hawdon, It consists mainly of two large

pulleys, over which there runs an endless chain or a metal belt.

The pulleys are mounted on horizontal shafts, parallel to each

other, and placed in the same horizontal plane. The pulleys
are driven by a steam-engine, and the chain is made to travel in

this way. The latter is composed of solid bar links, joined by
pins, and on it is mounted a continuous series of shallow pans
or trays. At one end of the apparatus the stream of molten slag
is directed into the pans, and, as the chain is moving continuously,
each pan carries off a part of the material. The pans overhang,
so that the metal will not spill on to the links. Between the
two pulleys there is placed a large flat tank filled with water, and
this is so arranged that the upper part of the endless travelling
chain or belt dips into the water, the sag of the belt being
sufficient for the purpose. There are guide rollers, but these are
details which may be neglected in our explanation of principles.
The slag flows into the trays just before they dip into the water,
so that the molten metal is at once rapidly cooled. This has
the effect of cracking the pieces so much that when they fall out
of the trays

—which ihey naturally do when the belt turns over
the further pulley

—into the barge or waggon,they are broken into

convenient sized fragments. Mr. Hawdon claims that by this

system a very large saving is effected in transporting slag, and a
material of some commercial value is obtained, the pieces being
of suitable size for railway ballast or concrete mixing. From
what we hear of the apparatus it appears to doits work well so far.

The summer meeting of the Institution will be held this year
at Portsmouth, on |uly 26 and three following days.
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THE ELECTRICAL EXHIBITION.
r\ N Saturday evening last the Lord Mayor and the Lady^

Mayoress, accompanied by Mr. Sheriff Tyler, Mr. Sheriff

Foster, Sir John Monckton, and many others, went to the

Crystal Palace to inspect the Electrical Exhibition. After their

walk round, which lasted about an hour and a half, the visitors

were entertained at dinner in the large saloon off the south

transept. Among the company were the Attorney-General,
Sir Robert Rawlinson, Sir Frederick Abel, F.R. S., Prof. W. E.

Ayrton, F.R.S., Major-General Webber, Prof, W. Crookes,
P'.R.S., Mr. Tesla, Mr. W. H. Preece, F.R.S., Sir James N.

Douglass, F.R.S., Major-General Festing, F.R.S., Dr.

Hopkinson, F.R.S., Mr. A. Siemens, Prot. Kennedy, Prof.

Forbes, Prof. Robinson, Prof. Perry, Prof. Hughes, and Prof.

Silvanus Thompson, F. R. S. In the unavoidable absence of the

Chairman of the Crystal Palace Company, the Hon. D. J.

Monson, the chair was taken by the Deputy-Chairman, Mr, G. T.
Rait. After the usual loyal toasts, the Lord Mayor proposed" Success to the Exhibition." In doing so he said there was
sufficient evidence to warrant him in predicting that the Exhibition
would prove a very great success. He recollected how, ten years

ago, the electric light o:cupied the minds of many people, and how
at that time the light hid v\ hat proved to be a very bad start. The
light was then undertaken more as a speculation. This checked
for a time electrical enterprise, though, in his opinion, it had
done no great or permanent harm. He admitted, with some

degree of shame, that in the City of London they had been very
slow to move in the matter. It was possible that they might
have hesitated to conmit themselves to some appliance that

might have been changed on the morrow. They were, however,
in favour of the electric light, and the City had been handed
over to the new lightiig, which in a short time would be an

accomplished fact.

Dr. Hopkinson, in giving
"

Electric Science and Industry,"
remarked that the reaction between these two had been very
intimate.

Prof. Ayrton, President of the Institute of Electrical

Engineers, who responded, said that it was impossible to imagine
what progress would be made in electricity in another ten years.
At present two conductors were necessary for every electric

tramcar (laughter). Ihey had anticipated his joke (renewed
laughter). One conductor took the current, while the other

took the current coin daughter). It might be that in ten years
street lamps would be no longer necessary, as vacuum tubes
would be used for walking-sticks (laughter). The smoke plague
and fog would no longer trouble U5, for there would be no coal

fires when we could bask in the rays of the electric field, repose
in the genial warmth of an equipotential surface, and put our

feet on a fender composed of horizontal lines of force (loud

laughter). One suggestion he would make—that the electric

light might be introduced into that room, for the warmth they
had borne during the dinner had been surpassed only by the

warmth of their reception by the Directors ot the Crystal Palace

(laughter).
Mr. R. E. Crompton, President of the Electrical Section of

the London Chamber of Commerce, also responded.
Mr. E. Clark proposed

" The Health of the Honorary Council
and Committees of the Exhibition."

Sir F. Abel, in responding, declared that we were on the

threshold of great advances in our knowledge of electricity and
its applications.

Mr, W. H. Preece also responded, and congratulated the

promoters of the Exhibition upon the fact that they had brought
to bear upon the present position of electrical science a fierce

and an impartial criticism.

Mr. Tesla acknowledged some compliments paid to him in the

course of the evening.
.Sir James Douglass gave "The Crystal Palace Company,"

and the Chairman responded.

UNIVERSITY AND EDUCA TIONAL
INTELLIGENCE.

Cambridge.—Mr. J. J. Lister, of St. John's College, late

Assistant Superintendent of the Museum of Zoology, has been

appointed Demonstrator in Animal Morphology, iu place of

Mr. S. F. Harmer.
Mr. Alexander Scott, of Trinity College, has been appointed
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Demonstrator to Prof. Dewar. The grace for establishing the
office was opposed, but carried by 76 votes to 70.

Prof. Macalister has been appointed Chairman of the Ex-
aminers for the Natural Sciences Tripos in the present year.

The Fitzwiliiam Museum Syndicate report that the catalogue
of the Egyptian Collection, prepared by Dr. Budge, is now
ready for printing, and will forthwith be published.

SCIENTIFIC SERIALS.
The American Meteorological Journal for December last

contains six memorial articles upon the work of the late Prof.

W. Ferrel, read at a meeting of the New England Meteoro-

logical Society in October last. Prof. W. M. Davis states

that Ferrel's view nf the general circulation of the atmosphere
is now accepted in its essential features by most meteorologists ;

and were it not for the silence regarding it on the part of some
of the British school, it would be regarded as universally
acceptable. But in Great Britain it finds little recognition;
unfortunately, Prof. Davis thinks, for the advance of the
science in this country. The essential part of Ferrel's theory,
first stated in 1859, is that an equatorial-polar convectional
circulation on a rotating earth must consist chiefly of oblique
winds from a western quarter, with hi^h velocities nearly at

right angles to the gradients; and that tie initial high pressure
about the poles, due to low teniperature, will be reversed to low

pressure by the excessive centrifugal force of the whirling winds,
thus leaving a belt of high pressure near the tropics. He draws
a sharp contrast between the general cirmlation and the cyclonic
circulation. Both are cyclonic, inasmuch as they whirl, but one
has a cold centre, and the other a warm one.—H. Helm
Clayton contributes an article on the verification of weather
forecasts. Among the elements to be considered he includes (

i
)

the kind of phenomenon, e.g. cloud, nin, &c. ; (2) the time
of occurrence ; (3) the duration of the phenomenon ; (4) the

intensity; (5) the length of time in advanos that the phenomenon
is predicted. He also describes the methods of verification

adopted in some countries.—Cold waves, by Dr. A. Woeikof.
The object of the paper is to disprove Prof. Russell's theory
that cold waves are not due chiefly to radiation from the ground,
but to extreme cooling of the upper air. Dr. Woeikof shows
from observations from various sources thit the cold waves are

certainly due to radiation, not necessarily at the place where the
cold is felt, but at a distance—in the United States to the north-

west, in Europe to the north-east.

SOCIETIES AND ACADEMIES.
London.

Royal Society, January 21.—" On the Mechanism of the
Closure of the Larynx : a Preliminary Communication." By
T. P. Anderson Stuart, M. D., Professor of Physiology, Univer-

sity of Sydney, Australia.

The epiglottis having been displaced from its time-honoured
function of closing the larynx as a lid, the paper proceeds to show
how after all the larynx is closed. Briefly, the closure is effected

by, on the one hand, a folding up of the margins of the entrance
and an obliteration of the channel of the vestibule from the
entrance downwards to the level of the glottis, and, on the other

hand, by the well-known movement upwards and forwards of
the entire larynx against the base of the tongue

—the lower part
of the epiglottis intervening, but taking no active part in the

process. The observations, &c., were made as follows: (i) on
a man who has a large hole in the side of the neck, a re>ult of

an operation for epithelioma, through which deglutition, simple
closure of the larynx, &c., can be observed proceeding in a mani-

festly perfectly normal manner ; (2) on healthy persons ex-

amined by the laryngoscope by the author and by two professed

laryngoscopists ; (3) experiments on the different classes of

animals ; (4) the anatomy and comparative anatomy of the

parts ; (5) the clinical and post-mortem records of morbid
conditions.

When simple closure is to be effected in man, the arytenoid

cartilages, inclosed in the mucous membrane, (i) are rotated,
so that the vocal processes (eventually) come into apposition ;

(2) glide forwards on the cricoid articular surface, so that the

posterior broad part of their articular surface comes to rest on
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the cricoid ; (3) approach each other, so that their inner faces

are, in part at least, in contact ; (4) fold forwards at the crico-

arytenoid joint, so that their tips come into contact with the
lower part of the epiglottis. At the same time the aryepiglottic
folds become tense, pulling inwards the lateral margins of the

epiglottis, and so deepening its groove to receive the tips of the

arytenoids and the Santorinian cartilages. Thus the entrance
assumes the form of a squat T-shaped fissure, its transverse
limb bounded in front by the epiglottis, behind by the ary-
epiglottic folds, and its vertical or antero- posterior or mesial—
the more primitive

—limb by the arytenoid cartilages. The head
of the T is curved concave backwards and its stem is short. A
slight movement of the entire larynx upwards and forwards takes

place
—not nearly so much as in deglutition. The epiglottis

does not actively move, and in deglutition, for instance, the
bolus is seen to glide over its laryngeal surface, its lingual
surface being closely pressed against the dorsum of the tongue.
But all animals are not alike, and too little account has been
taken of differences in the anatomy of the parts, these carrying
with them, as they do, differences in their physiology. The
foregoing account applies only where, as in man, the arytenoids
are long and narrow : where they are high and broad they
move more bodily forwards, and where they are low and narrow,
i.e. small, neither folding nor movement forwards would
suffice to close the orifice, and there the lower part of the

epiglottis is permanently bent backwards, so that the contact of
the arytenoids with the front wall of the laryngeal cavity is

effected with a minimum of movement of the arytenoids and the
true vocal eords are, as it were, under cover of a sort of hood
formed by the epiglottis. The exact behaviour of the distal

portion of the epiglottis varies ; so does the value of the move-
ment upwards and forwards of the entire larynx, even in indi-

viduals of the same species. The arytenoids in their mucuous
membrane thus form a valve which, when it stands backwards,
closes the food-channel and drafts the air forwards into, the

larynx, and when it lies forwards in deglutition closes the air

channel and opens the food-channel. The external thyro-
arytenoid muscles with the transverse arytenoid muscle, are the

agents by which the before-mentioned four movements of the

arytenoid cartilages are brought about. The aryepiglottic
muscles tense the edge of the aryepiglottic fold, and cross to the
base of the opposite arytenoid cartilage to avert the tendency
they would otherwise have to pull asunder the arytenoids' tips.
As worked out in the paper, it is seen that a very large number
of details in the anatomy of the larynx receive an adequate
explanation by this account of the closure of the larynx, e.g. the
detailed anatomy of the muscles just mentioned, the sacculus,
the structure of the false cord, the crico-arytenoid joint, its

surfaces and ligaments, the anatomy of the larynx and its cavity
in the different classes of animals, the ephithelial lining the

cavity, &c.

"Birds are extremely instructive in this connection. Here
the vocal function is entirely removed from the larynx, so that
the larynx has for its sole office the guarding of the entrance of
the trachea. Inspection and experiment show the entrance to
be closed by the arytenoid cartilages, or bones, and the thyro-
arytenoid muscles. Since this is their function in Birds (and
the same applies to Tortoises, Lizards, Reptiles, Frogs, &c.) is

it not all the more likely to be at least a function in Mammals?"
The plane of the larynx at the level of the glottis corresponds

to the larynx in its more primitive forms— linear when closed,

lozenge-shaped when open, bounded exclusively by cartilage and
muscle. In man the vocal function has been superadded : all

that lies above the level of the glottis has been built on that

level, and the vibrating property has been got at a physio-
logically cheaper rate through fibrous than through mus-
cular tissue. For details we must refer to the paper in the

Proceedings.

January 28.— " Note on some Specimens of Rock which have
been exposed to High Temperatures." By Prof. T. G. Bonney,
D.Sc, LL.D., F.R.S.
The first described were two specimens of the microgranite

of Threlkeld (Keswick) : the effect of heating (probably to about
2oco° F.) had been to melt down the felspathic and the
micaceous constituents, cracking, but not materially affecting,
the quartz. Next, in overburnt brick (composed mainly of dis-

integrated granite) from Les Talbots (Guernsey) similar effects :

partial melting of larger fragments of felspar : "in one case twin
planes could be traced within the melted part. Thirdly, five

specimens of melted basalt from Rowley Regis. Four of these
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were glasses (one with spheriilites), the fifth exhibited skeletal

crystals of felspar with a peculiar grouping, rarely and imperfectly
seen in naturally-cooled basalts. With these were compared
two specimens of magma-basalts, obtained by the author from
the Rowley mass, which exhibited a very different structure.

The author suggested that this difference might be due to the

absence of water from the artificially melted rock, which might
also account for the rarity of tachylites in nature.

February 4.
—"On the Mechanical Stretching of Liquids:

an Experimental Determination of the Volume-Extensibility of

Ethyl Alcohol." By A. M. Worthington, M.A. Communi-
cated by Prof. Poynting, F.R.S.

After adverting to the three known methods of subjecting a

liquid to tension, viz. (i.) the method of the inverted barometer,

(ii.) the centrifugal method devised by Osborne-Reynolds, (iii.)

the method of cooling discovered in 1850 by Berthelot, and

pointing out that the first two afford means of measuring stress

but not strain, while the third gives a measure of strain but not

stress, the author proceeds to describe the manner in which he
had used the method of Berthelot in combination with a new
mode of determining the stress, and had succeeded in obtaining
simultaneous measures of tensile stress and strain for ethyl
alcohol up to a tension of more than 17 atmospheres, or 255
pounds per square inch.

The liquid, deprived of air by prolonged boiling, is sealed in

a strong glass vessel, which it almost fills at a particular tem-

perature, the residual space being occupied only by vapour.
On raising the temperature, the liquid expands and fills the

whole. On now lowering the temperature, the liquid is pre-
vented from contracting by its adhesion to the walls of the

vessels, and remains distended, still filling the whole and exert-

ing an inward pull on the walls of the vessel. The tension

exerted is measured by means of the change in capacity of the

ellipsoidal bulb of a thermometer sealed into the vessel and
called the "tonometer." This bulb becomes slightly more

spherical, and therefore more capacious, under the pull of the

liquid, and the mercury in the tonometer-stem falls. The
tension corresponding to the fall is previously determined from
observation of the rise produced by an equal pressure applied
over the same surface.

The liquid is caused at any desired instant to let go its hold
and spring back to the unstretched volume corresponding to its

temperature and to its saturated vapour pressure, by heating for

a moment, by means of an electric current, a fine platinum
wire passing transversely through the capillary tube that forms

part of the vessel. The space left vacant in the tube represents
the aZ/ar^w^ extension uncorrected for the yielding of the glass
vessel.

The measures obtained show that, within the limits of

observational error, the stress and this apparent strain are

proportional up to the highest tension reached (17 atmo-

spheres) ; but, since the small yielding of the nearly rigid glass
vessel must itself be proportional to the stress, it follows that

the stress and absolute strain are proportional.
By subjecting the liquid to a pressure of twelve atmospheres

in the same vessel, it was found that the apparent compressibility
was the same as the apparent extensibility, whence it is deduced
that between pressures of -f 12 and —

17 atmospheres the

absolute coefficient of elasticity is, within the limits of observa-

tional error, constant. Its actual value is best obtained by
observations of compressibility.
The paper concludes with a description and explanation

of a peculiar phenomenon of adhesion between two solids

in contact when immersed in a liquid that is subjected to

tension.

Physical Society, January 22.—Prof. O. J. Lodge, F.R.S.,
Vice-President, in the chair.— Prof. G. F. Fitzgerald, F. R.S.,
read a paper on the driving of electromagnetic vibrations by
electromagnetic and electrostatic engines. The author pointed
out that as the electromagnetic vibrations set up by Leyden
jar or condenser discharges die out very rapidly, it was very
desirable to obtain some means whereby the vibrations could be
maintained continuously. Comparing such vibrations with those

of sound, he said the jar discharges were analogous to the tran-

sient sound produced by suddenly taking a cork out of a bottle ;

what was now required was to obtain a continuous electromag-
netic vibration analogous to the sound produced by blowing
across the top of a bottle-neck. In other words, some form of

electric whistle or organ-pipe was required. These considera-
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tions led him to try whether electromagnetic vibrations could

be maintained by using a discharging circuit part of which was
divided into two branches, and placing between these branches
a secondary circuit turned to respond to the primary discharge.
This did not prove successful, on account of there being nothing

analogous to the eddies produced near an organ-pipe slit. The

analogy could, he thought, be made more complete by utilizing
the magnetic force of the secondary to direct the primary cur-

rent first into one of the two branches and then into the other.

If spark gaps be put between two adjacent ends of the branches
and the main wire, then the magnetic effect of the secondary
current should cause the spark to take the two possible paths

alternately. Electrically-driven tuning-forks and vibrating

spirals were cases in which magnetic forces set up vibrations,
but here the frequency depended on the properties of matter,
and not on electrical resonance. The frequency of delicate

reeds could, however, be controlled by resonance cavities with

which they were connected, and he saw no reason why the same
action could not be imitated electromagnetically, using an elec-

tric spark as the reed. Referring to the properties of iron in

connection with electromagnetic vibrations, he pointed out that

a prism of steel i millimetre long had a period of longitudinal
vibration of about one-millionth of a second, and, as this was

comparable with the rates of electromagnetic vibrations, the

immense damping effect which iron had on such vibrations

might be due to the seting up of sound vibrations in the mate-

rial. Other methods 01 driving electromagnetic vibrations had

suggested themselves in the shape of series dynamos or alter-

nators. The polarity cf a series dynamo driving a magnetic
motor would, under cer ain circumstances, reverse periodically,
and thus set up an oscillatory current in the circuit. Similar

effects can be got from series dynamos charging cells or con-

densers. In an experiment made two weeks before, with Plante

celis and a Gramme dynamo, reversals occurred every fifteen

seconds. Greater frequencies might be expected with con-

densers. The latter case he had worked out theoretically.
He had also tried experiments with Leyden jars and a dynamo,
but got no result. This might have been expected, for the cal-

culated frequency was such as would prevent the currents and
the magnetism penetrating more than skin deep. Calling the

quantity of electricity on the condenser Q, the differential equa-
tion for a dynamo of inductance L, and resistance r, and a

condenser of capacity .r is

LQ + '•Q + - = LQ,

°'^

LQ -)- (r
- L)Q 4- Q = o.

X

If L be = o, the solution of the equation is

-~i
(

Q = Q06 L cos
27r^,-,

and the rate of degradation of amplitude depends on the factor

6 L

If, however, L be greater than ;', the exponent of e becomes +,
and hence Q would go on increasing until limited by the satura-

tion of the iron or the increased resistance of the conductors

due to heating. A dynamo without iron, provided one could

be made to run fast enough to send a current through itself,

would be likely to give the desired effect. The author thought
that by making such a dynamo large enough and its armature

very long, it would be possible to get a frequency of about one
million. Electrostatic machines seem, however, to be more

promising driving agents. Like series dynamos, their polarity

depends on the initial charge, and can be easily reversed.

Hitherto such machines have been inefficient mainly on account

of the sparking in them, but Maxwell had shown how this

could be obviated. There was the same kind of difference

between electromagnetic and electrostatic machines as between
Hero's engine and the modern pressure engine. Like modern

engines electrostatic machines worked by varying capacity, but

the effect of this variation in electrostatic machines was only to

vary the frequency and not the rate of degradation. From the

fact that electrostatic multipliers could be driven by alternating

currents, he thought they might be made to drive alternating
currents. If magnetic currents could be obtained, then electro-

static engines would easily be produced. In conclusion, the

author described a modified electrostatic multiplier which he
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"bel: ved offered a feasible solution of the problem. In this

machine the collectors were supposed joined to the ends of the

vibrating circuit, and would therefore become + and - alter-

nately. Inductors and brushes were to be so arranged that an

insulating cylinder turning between them should have many +
and -

charges distributed alternately round its periphery. By
suitable adjustment these charges could be collected at the

proper instants so as to keep up the vibration.—The chairman,
Prof. Lodge, said the paper was very suggestive and full of in-

teresting points. The subject of electromagnetic vibrations was

attracting great attention in America in connection with the
manufacture of light. Hertz's oscillations die out too soon to

be satisfactory, for their duration rarely exceeds a thousandth

part of the interval between consecutive discharges. The theory
of dynamos charging condensers he considered extremely in-

teresting, and thought the fact that the damping factor could be

changed in sign must have tremendous consequences.
—Dr. W.

E. Sumpner asked a question about a method of doubling
frequency of alternation recently described by Mr. Trouton,
in which the armature of one alternator excites the

hadMr. Trouton had said

frecjuency it was not

(D|. Sumpner) thought
the frequency could be

fields of a similar machine
that after once doubling the

possible to go on doing so. He
that by adding other machines
still further increased, and gave a proof of the fact. In reply.
Prof Fitzgerald said that adding anothei machine increased the

frequency by a given amount and did nd double the preceding
one. Hence to increase the frequerty a thousand-fold, a
thousand machines would be required, aid on this account Mr.
Trouton considered it impracticable, r'rof. S. P. Thompson
thought the paper very suggestive, and the acoustic analogies
very interesting. Melde's apparatus wasan instance of doubling
or halving a frequency. On reading tit title of the paper, he
had expected hearing of a method of maintaining electromag-
netic vibrations by giving occasional impjilses in some such way
as that in which a tuning-fork could be Itept vibrating by allow-

ing the hammer of a trembling bell to krpck against it. There
was another method of intensifying electric oscillations which he
had only seen mentioned in a patent specification by Sir W.
Siemens, who suggested using a series dyfiamo with a telegraph
cable to augment the signalling current! On the subject of

ironless dynamos he (Prof. Thompson) dtsired further informa-
tion. Some years ago he had made calcjlations and found the

speed at which they would require to run^as so enormous as to

be beyond the range of engineering poisibility. Mr. C. V.

Boys, referring to the author's suggestioi of using an electric

spark with alternate paths to maintain \ibration, said that he
had tried whether an oscillatory spark was displaced by a mag-
netic field, but the displacement, even when photographed by a

revolving mirror, was barely appreciable. Prof. Perry asked for

an explanation of the term "
skin-deep magnetism." He was

not previously aware that Sir W. Siemens had described a
•method of improving cable signalling by using a series dynamo.
He himself had patented a somewhat similar arrangement. He
had also made a dynamo without iron, but had not got it to

work. In reply to Prof. Perry the authoi of the paper said that

in electromagnetic vibrations the magnetic force alternates so

rapidly that it could not penetrate far into the field magnet of a

dynamo before it is reversed ; hence the nagnelism would only
be skin-deep. Dr. Burton suggested thit a commutator with

many segments, something like that used by Mr. Gordon in his

researches on specific inductive capacity, might possibly be em-

ployed for producing high frequencies.
—A communication on

supplementary colours, by Prof. S. P. Thompson, F.R.S., was

postponed.

Entomological Society, January 27,—The fifty-ninth
annual meeting, which had been adjourned from the 20th inst.

on account of the death of H. R. H. the Duke of Clarence.—
Mr. F. DuCane Godman, F. R. S., President, in the chair.—An
abstract of the Treasurer's accounts, showing a good balance in

the Society's favour, having been read by one of the Auditors,
the Secretary, Mr. H. Goss, read the Report of the Council.

It was then announced that the following gentlemen had been
elected as Officers and Council for 1892 :—President : Mr.
Frederick DuCane Godman, F. R.S. Treasurer: Mr. Robert

McLachlan, F. R.S. Secretaries: Mr, Herbert Goss and the

Rev. Canon Fowler. Librarian : Mr. George C. Champion.
And as other Members of the Council : Mr. C. G. Barrett,
Mr. Herbert Druce, Captain Henry J. Elwes, Prof. Raphael
Meldola, F,R.S., Mr. Edward B. Poulton, F.R.S., Dr. David
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Sharp, F.R.S., Colonel Charles Swinhoe, and the Right Hon.
Lord Walsingham, F. R. S. It was also announced that the

President would appoint Captain Elwes, Dr. Sharp, and Lord

Walsingham, Vice-Presidents for the session 1892-93.—The
President then delivered an address. After alluding to the vast

number of species of insects, and to the recent calculations of

Dr. Sharp and Lord Walsingham as to the probable number of

them as yet undescribed, he referred to the difficulty experienced
in preparing a monograph of the fauna of even a comparatively
small part of the world, e.g. Mexico and Central America, and
certain small islands in the West Indian Archipelago, upon
which he, with a large number of competent assistants, had been

engaged for many years. The examination of the collections

recently made in St. Vincent, alone, bad obliged him to search

the whole of Europe and North America for specialists ; and
similar collections from Grenada were still untouched in con-

sequence of the number of workers b?ing unequal to the de-

mands upon their time. He observec that the extent of the

subject of entomology was so vast that lothing but a systematic
and continuous effort to amass coUecticns, work them out, and

preserve them, could place us in a position to proceed safely
with the larger questions which folloved the initial step of

naming species : and it would only be by the steady effort of

our Museum officials, not only to woik at the subject them-

selves, but to enlist the aid of every available outside worker,
that substantial progress could be mads. The President con-

cluded by referring to the losses by death during the year of

several Fellows of the Society and oth^r entomologists, special
mention being made of M. Andre, the Duke of Devonshire,
Mr. F. Grut, Mr. E. W. Janson, Prof. Felipe Poey, Sir

William Macleay, Mr. H. Edwards, Mr. Robert Gillo, and
Dr. J, M. J. Af Tengstrom,

Geological Society, January 27.
—Dr. W. T, Blanford,

F. R. S., Vice-President, in the chair.—The following communi-
cations were read :

—On the hornblende-schists, gneisses, and
other crystalline rocks of Sark, by the Rev. Edwin Hill and
Prof. T. G. Bonney, F.R.S. The authors refer to Mr. Hill's

paper, published in 1887, for a general description of the island.

They were led to examine Sark again in the hope that its rocks

might afford some clue to the genesis of the hornblende-schist

of the Lizard. They describe the structure, macroscopic and

microscopic, of the various foliated rocks. These are :
—

[a)

The basement gneiss, a slightly foliated, somewhat granitoid

rock, probably of igneous origin, but with some abnormal en-

vironment, and possibly intrusive into, instead of older than the

rock which succeeds it. (/') The hornblende-schists, almost

identical with those of the Lizard, but in one case yet more

distinctly banded, {c) Banded gneisses, sometimes rather fine-

grained, variably banded ; quartzofelspathic layers alternating
with those rich in biotite or occasionally hornblende. Some of

these gneisses resemble the "
granulitic group" of the Lizard ;

others recall certain of the less coarse, well-banded gneisses of

Scotland, e.g. south of Aberdeen. Sometimes they are much

"gnarled" by subsequent earth-movements, by which, however,
as a rule, the crystalline rocks of the island do not appear to

have been very seriously affected, {d) A very remarkable group
of local occurrence which exhibits great variety. In some places

large masses of a dark green hornblende-rock are broken up and
traversed by a pale red vein-granite or aplite. The former rock

is drawn out into irregular lenticles, elongated lumps, and finally

streaks, and has been melted down locally into the aplite. This

then becomes a well- banded biotite gneiss, which macroscopically
and microscopically agrees with types which are common among
the Archaean rocks. Sark therefore presents an example of the

genesis of such a gneiss, and the authors are of opinion that

probably all the above-named rocks are of igneous origin, but

became solid ultimately under somewhat abnormal conditions,

to which the peculiar structures (which distinguish them from

ordinary igneous rocks) are due. They attribute the banding to

the effect of fluxional movements, anterior to final consolidation,

in a mass to some extent heterogeneous. This hypothesis they
consider may be applied to all gneisses or schists which exhibit

similar structures—that is, to a considerable number (but by no

means all) of the Archaean rocks. The second part of the paper
consists of notes on some of the dykes and obviously intrusive

igneous rocks of the island. Among these are four (new)

dykes of "
mica-trap," one of which exhibits a very remarkable

"pisolitic" structure. The variety of picrite described by Prof,

Bonney in 1889 (from a boulder in Port du Moulin) has also

been discovered in situ. The reading of this paper was followed
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by a discussion, in which Major-General McMahon, Prof. Judd,
Mr. Hudleston, Mr. Barrow, the Rev. Edwin Hill, and Prof.

Bonnev took part.
—On the plutonic rocks of Garabal Hill and

Meall'Breac, by J. R. Dakyns and J. J. H. Teall, F.R.S.

(Communicated by permission of the Director-General of the

Geological Survey.) The plutonic rocks described occur in a

complex forming a belt of high ground south-west of Inverarnan.

They vary considerably in composition, and though gradual

passages are sometimes found between more or less acid rocks,

at other times the junction is sharp. The more acid are always
found to cut through the less acid when the two rocks are found

in juxtaposition, and fragments occurring in a rock are less acid

than the rock itself. Though thus shown to be of different ages,

they must evidently be referred to one geological period. The
first rocks to be formed vere peridotites ;

then followed diorite,

tonalite, granite, and eurite in order of increasing acidity. The

specific gravities, colours, and textures of the rocks are con-

sidered, and a detailed iccount of the constituent minerals given.
The essential minerals sre arranged in the following order, based

on their general distribution in the different types of rock :

olivine, pyroxene, hornblende, biotite, plagioclase, orthoclase

and quartz, microcline. The following is the order in which
the principal constitueats commenced to form in the rocks :

iron-ores, olivine, pyroxene, hornblende, biotite, plagioclase,

orthoclase, microcline, and quartz. The chemical composition
of the rocks is discussed, data being furnished by a series of

analyses made by Mr. J. H. Player, and a diagrammatic repre-
sentation of the molecular relations of the different bases and
silica is given. The relations between mineralogical composition,
chemical composition, and geological age are then considered ;

and the following conclusions are reached :
—

(i) That the various

rocks have resulted from the differentiation of an originally

homogeneous magma. (2) That the chronological sequence
from peridotite to eurite is connected with the order of formation

of minerals in igneous magmas. The paper was discussed by
Dr. Hatch, Prof. Bonney, and Mr. Barrow.—North Italian

Bryozoa ; Part II. Cyclostomata, by Arthur Wm. Waters.

Paris.

Academy of Sciences, February i.—M. D'Abbadie in the

chair.—Note on a structure placed on the summit of Mont

Blanc, by M. J. Janssen. It will be remembered that, after

failing to reach the rock through the snow on the top of Mont

Blanc, M. Janssen, last October, made some observations in a

temporary hut for the purpose of testing whether it was displaced

appreciably by the movement of the snow. The observations

failed to indicate any movement. On January 2 the hut was

visited by M. Dunod, and some observations made in it at M.

Janssen's request show that no change of place has occurred

during this interval of four months.—Observations of solar spots
and faculse made with the Brunner equatorial (o'i6 metre aper-

ture) of Lyon Observatory during the latter half of 1891, by M.
Em. Marchand. (See Our Astronomical Column.)—Temperate
regions ;

local conditions of persistency of atmospheric currents ;

derived currents ; origin and translation of certain cyclonic

movements, by M. Marcel Brillouin.—On an extension of

Sturm's theorem, by M. E. Phragmen.
—On Laplace and La-

voisier's apparatus for measuring the linear expansion of solids,

by M. E. Grimaux. The author has come into the possession of

some copper-plates drawn by Lavoisier in illustration of his

method of determining the coefficient of linear expansion. Pulls

have been obtained from these plates and presented to the

Academy.—On the compressibility of saline solutions, by M.
Henri Gilbault.—On electro-capillary phenomena, by M. Gouy.—On the optical determination of high temperatures, by M. H. Le
Chatelier. Some experiments have been made with the idea of

measuring high temperatures by determining the intensity of the

radiations emitted by a pyrometer of platinum, or clay, or other

material, when compared with the light of a standard lamp. The
results obtained indicate that the method is a good one. The

principaldifficulties, of course, depend upon thefact that the radia-

tions emitted by an incandescent body are affected by conditions

other than temperature. M. Le Chatelier, however, seems to

have satisfactorily overcome these difficulties. —On achromatism,

by M. A. Broca.—Barium and strontium nitrides, by M.

Maquenne. These nitrides are formed by the direct action of

nitrogen at a red heat upon the metals obtained from amalgams
formed by electrolysis. The analyses given prove their composi-
tion to be represented by NgBa., and NaSrj respectively. They
yield ammonia on treatment with water, and may be viewed as

NO. 1163, VOL. 45]

metallic ammonias. Barium nitride does not give ethyl base>

when treated with alcohol. It reacts energetically at a red heat

with carbon monoxide, producing barium cyanide and oxide.

Strontium nitride similarly yields only a trace of strontium

cyanide, the chief products being the oxide, carbonate,
and carbon.—Carbon chlorobromides, by M. A. Besson.

(See Notes.)—Action of metals on salts dissolved in or-

ganic liquids, by M. Raoul Varet. Certain metals, able to

precipitate others from their salts dissolved in water, lose this

property when certain organic liquids are used as solvents.

This difference of action is due somewhat to the water and

somewhat to the formation of molecular compounds formed by
the union of the products present.

—On monosodium mannite,

by M. de Forcrand.—Transformation of sulphanilic into sulph-
anilocarbamic acid in the animal economy, by M. J. Ville.—
Chemical study of the chlorophyll bodies of the pericarp of the

grape, by M. A. Etird.—Researches on the adherence to the

leaves of plants, and notably to the leaves of the potato, of

copper compounds used to prevent their diseases, by M. Aime
Girard.—Development of the organe vibratile of Composite
Ascidise, by M. A. Pizon.—On the locust (Schistocerca pere-

grina, Oliv.) and its changes of colour
;
rSle of the pigments in

the phenomena of hfetolysis and histogenesis which accompany
the metamorphosis, ly M. Kunckel d'Herculais.—On the com-

mencement and extiiction of cambial activity in trees, by M.
Emile Mer.—Absolite surfaces and relative divisions of the

earth occupied by tie principal geological groups, by General

Alexis de Tillo. Tie author states the relative surfaces, of

each of the present lontinents, which existed in different geo-

logical periods.
—

Investigation of the nature of the waters and

mud of Lake Annecy by M. L. Duparc.
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A COLLECTION OF MEMOIRS ON PHYSICS.

Collection de Memoires relatifs a la Physique. Publics

par La Socidte Fran(jaise de Physique, tome 1-5.

(Paris, Gauthier-Villars.)

LA Socidte Fran^aise de Physique in the volumes

before us have initiated a movement which cannot

fail to be of the greatest service to students of physics.

They are publishing collections of memoirs on one sub-

ject written by several authors, instead of following the

more usual plan of collecting the papers of one author

on a variety of subjects. There can, we think, be no

question as to which plan is of most service to the

student. The collected papers of one author must

from the nature of the case be chiefly used as a work of

reference, while the study of a collection of the most

important memoirs ought to form an essential part of the

reading of every advanced student of the subject. Now
that the memoirs in which the foundations of the sciences

of electrostatic or electromagnetism, and of investigations

with the pendulum, are by the enterprise of the French

Society so readily accessible, it is to be hoped that there

will be a much greater development of the systematic

study of the original memoirs than we are afraid prevails

at present.

Science, as Maxwell said, is most easily assimilated

when it is in the "nascent" condition, and, moreover, it

is to be expected that when a long paper by a master of

his subject has been condensed in a text-book to a

twentieth of its original length, something of importance
must be lost. In a text-book there is as a rule but little

room for anything beyond the description of the method
which ultimately proved successful, all reference to the

difficulties met with, and the way they were overcome, has

to be omitted, though these are precisely the points most
calculated to induce the student to endeavour to make

investigations for himself.

The volumes before us are also of especial interest to

the student of science, as they contain papers such as

those by Coulomb on electrostatics and magnetism, and

by Ampere on electromagnetism, which raised the subject
with which they dealt from chaos to order.

The first volume of these collected memoirs is edited

by M. Potier, and differs somewhat in character from

those which follow, inasmuch as it is entirely devoted to

papers by Coulomb. It contains the classical memoirs
in which he established by the aid of the torsion-balance

the fundamental laws of electrostatics, and of the action

between permanent magnets. It also contains a memoir
on the loss of electricity by an insulated charged body,
in which he comes to the conclusion that there is a

leakage of electricity through the air
; subsequent experi-

ments have, however, shown that this is erroneous, and
that there is no such loss when the air is free from dust

and the charged body not under the action of ultra-violet

light.

Itisremarkable,consideringtheimportanceof Coulomb's

contributions to electricity and magnetism, that his most

important memoirs on these subjects were all published
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within five years, 1 785-1 789, when he was between 49
and 53 years of age.

The editor gives as an appendix a very clear account

of Poisson's and Sir W. Thomson's investigations of the

problem of two electrified spheres. Poisson's papers on

this subject are not very accessible, and we wish that

they had been included in this volume, as his investiga-

tion of this problem is surely one of the most elegant

pieces of analysis ever written. It is possible, however,

that it was deemed to be too exclusively mathematical to

be included in this collection of physical memoirs.

The second and third volumes, edited by M. Joubert,

are devoted to electromagnetism. They include CErsted's

paper, published in France in 1820, announcing the dis-

covery of the deflection of a magnet by a current, and

the marvellous series of papers published almost weekly

by Ampere, in which, in a few months after the publica-

tion of Oersted's discovery, the " Newton of Electricity"
established the action of a magnet on a current, and of"

one current on another, and of the identity of magnets
and electric currents. In his earlier papers, those pre-

vious to 1822, Ampere seems to have been hampered by
the erroneous idea that the force between two small

elements of current at right angles to the line joining them
was indefinitely small compared with that between the

same element at the same distance when forming parts of

the same straight line. Instead of being infinitely smaller,
it is in reality, as he showed later, just twice as great.

He soon, however, corrected this mistake, and in 1822

gave to the world a complete theory of the mechanical

forces between currents in a memoir which is reprinted in

these volumes, and which was described by Maxwell as

"perfect in form and unassailable in accuracy."
In addition to the papers we have mentioned, there are

many others dealing with points of the greatest interest :

thus we find CErsted, in his paper on the action of a current

on a magnet, suggesting that light may be an electrical

phenomenon, and Ampere writing in favour of this sug-

gestion. In the second volume we have a paper by
Faraday on electromagnetic solution ; two papers by
Davy, in one of which he describes a curious heaping up of

a layer of mercury over the places where a strong current

enters and leaves the mercury. This pretty effect is due
to the mechanical force between the current in the leads

and the current through the layer of mercury. This

paper also contains Barlow's description of his electro-

magnetic wheel, and two papers, not hitherto published,

by Fresnel, on Amp<ire's theory of magnets. Fresnel

appears to have been the author of the suggestion that the

currents by which Ampere explained the magnetic pro-

perties flowed round the molecules of the iron. In the

third volume Weber's great paper on electrodynamic
measurements appropriately completes the series of

papers on electromagnetism, as the measurements made
by the methods it develops afford a complete verifica-

tion of the theory given in the preceding pages by
Ampere.
The fourth and fifth volumes, edited by M. Wolf,

contain memoirs on pendulum experiments. They com-
mence with a well-written historical account of such ex-

periments. Next we have a bibliography extending over
216 pages, and then follows a series of admirably selected

papers of which the names speak for themselves. On
R



362 NA TURE [February 18, 1892

pendulum experiments pure and simple, we have memoirs
bv De la Condamine, Borda and Cassini, Prony, Kater,

Bessel, Sabine, and Baily, and in addition to these we
have Stokes's paper on the effects of fluid friction on

the motion of pendulums.
We must, in conclusion, express our gratitude to La

Societd Fran^aise de Physique for the publication of

these volumes, and to MM. Potier, Joubert, and Wolf,
for the masterly way in which they have edited them.

We hope that the volumes before us are but the first

terms in an infinite series. J. J. Thomson.

THE FORMATION OF BEACHES.
Sul Regime delle Spiaggie, e sulla Regolazione dei Porti.

(" On the Formation of Beaches, and the Rules for de-

signing Harbour Works.'') By Signor P. Cornaglia, late

Inspector of the Royal Corps of Italian Civil Engineers.

(Turin : R^ Tipografia Paravia, 1 891.)

THE
laws that govern the movements of sand along the

sea-shores, the formation and corrosion of beaches,
the shifting of bars and sand-banks at the mouth of rivers,
and the silting up of harbours, have not yet been clearly

explained, as the problem is a complex one. These
effects result from a combination of various causes, such

as the action of sea-waves, of tidal currents, of the natural

discharge of rivers, and of the dimensions and specific

gravity of the materials that form the beaches and give
them a special angle of rest.

To examine this problem, Signor Cornaglia takes it up
in its most simple form. He tries to ascertain the laws that

regulate the propagation and effects of sea-waves acting
in a tideless sea, or nearly so, as is the Mediterranean.

These researches are made both theoretically and practic-

ally, by the help of mathematical analysis and by verify-

ing the results of theory by direct observations of waves
in accumulating the materials that form the beaches.

These form the subject of two memoirs, in which are

discussed the vertical propagation of waves in liquids,

and the origin and action of bottom-waves {flutti difondo)
in liquids in a state of undulation.

The results of these researches are thus expressed :
—

(a) The undulatory movement of liquids generates near

the bottom an oscillatory movement called bottom-wave,
or under wave {fiutto di fondo), which is alternately
directed to or from the shore

; {b) vertically under the

crest of a superficial wave, the bottom-wave is directed

toward the shore; under the hollovy.of a wave it is

directed toward the sea ; {c) the force of these bottom-

waves increases with the force of the superficial waves,
with the greater distance or '•^

fetch
" from which the waves

arrive, and with the greater, depth of the sea
; {d) the

energy of these bottom-waves may be great at great

depths ; {e) on a rising submarine slope the force of the

bottom-waves directed toward the shore is greater than

that of the reverse bottom-waves ; (/") the bodies resting

upon the bottom of the sea and exposed to these bottom-

waves are struck in alternate directions ; {g) the com-

ponent ofthe weight of these bodies, parallel to the bottom

slope, may counterbalance the effects of the direct

bottom-waves, or, added to the effect of the return

bottom-waves, these latter may prevail upon the direct

NO. II 64, VOL. 45]

ones ; {h) the line along which the action of each of the

two opposite bottom-waves, combined with the component
of the weight of the bodies, counterbalances that of the

other, is called the neutral line j {i) all conditions being

equal, this neutral line is situated at a greater depth the

stronger the waves are, and the smaller the slope of the

bottom and the size and specific weight of the bodies

resting upon the bottom ; (/) in the Mediterranean this

neutral line is situated at depths varying from 8 to 10

metres, or 27 to 33 feet ; {k) on the land side of the

neutral line the materials forming the bottom of the sea

are pushed by the bottom-waves toward the shore, on

the sea side they are drawn toward the greater depths ;

(/) parallel to the shore the materials travel always in a

contrary direction to that from which the waves come,
and they travel alternately in one way or the other

according to the direction of the waves. However, the

ultimate direction in which these materials move is that

corresponding to the prevailing waves, which is also, more
or less, that of the prevailing winds.

In a third memoir the author discusses the formation

or corrosion of beaches in a tideless sea, and explains

a long series of observations and experiments made prin-

cipally by himself along the shores of the Riviera, with

a view of ascertaining the position of the neutral line.

In a fourth memoir are examined the conditions of the

estuary of a river opening into a tideless sea, and the effects

due solely to thewaves having been previously ascertained,
'

the effects due to the outgoing water of the river are de-

scribed. Then the author passes on to examine the case of

a river opening into a sea subject to the influence of

tide and tidal currents ;
and by separating the effects of

the waves and of the outgoing water of the river proper,

he tries to explain the effects due exclusively to the action

of tides. From this he gives some hints about the

probable position of the neutral line resulting from all

these different causes, and by comparing the conditions

of the Mersey with those of the Thames and other tidal

rivers, the author concludes that in the former case the

outlet of the river is on the land side of the neutral line,

and thus the materials brought down by the river or

washed away from the coast are pushed into the estuary,

while in the case of the Thames its outlet is on the sea

side of the corresponding neutral line, and the materials

are drawn into deeper water. In the san^e way he explains

why some harbours in the Mediterranean having their

entrance in depths of water superior to 10 metres, and

thus outside the neutral line, have kept good for centuries,

while other harbours with their entrance inside the

neutral line have gradually silted up.

Having thus explained his views on the formation of

beaches, Signor Cornaglia makes use of them in laying

down in several memoirs the principal rules for designing

such maritine works as may be necessary to maintain or

improve the navigable channel in the estuary of a river,

or to protect the entrance of a harbour, or to prevent the

sea from encroaching upon a beach. There are descrip-

tions of works carried out in several Italian harbours

during this century, and the results, good or bad, accord-

ing to the way these works were designed.

A drawback to this book is that it is written in the form

of separate memoirs, so that there are many repetitions

and some unnecessary details, which rather diminish than
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add to the clearness of the work. Taken as a whole,

however, the book will be read with interest and

advantage both by the maritime engineer and by the

geologist.

EGYPTIAN HISTOR V.

Egypt under the Pharaohs. By H. Brugsch-Bey. A
New Edition, condensed and thoroughly revised by
M. Brodrick. (London : John Murray, 1891.)

THE science of Egyptology is scarcely seventy-five

years old, and published formulated statements ofthe

history of Egypt derived from the comparatively newly-

acquired decipherment of hieroglyphics are not yet

thirty years old
;
books on Egyptian history are now so

common that the general reader has yet difficulty in

deciding which of those available is best for him to

read or study. Dr. Birch's "
Egypt from the Earliest

Times to B.C. 300" printed, we believe, in 1875, is without

doubt, the best of all the small histories of Egypt which
have ever been written : the facts are to be depended upon,
few alterations are necessary, difficulties are not slurred

over, and the whole subject is there treated with the

breadth of view and learning only to be found in such a

scholar. More concise, but written in the same admir-

able style, is the "
Aperqu

" of Mariette, which aimed at

presenting in a small compass the principal facts of

Egyptian history to the visitors to the Exhibition in Paris

in 1867 ; for the general history of Egypt and the relations

of her people with foreign nations in the various epochs
of her national life, the reader would naturally consult

Maspero's
"
Histoire Ancienne des Peuples de L'Orient,"

and Lenormant's "
Histoire Ancienne de I'Orient." The

best examples of scientific histories of Egypt are those of

Diimichen and Wiedemann. In the "Aegyptische
Geschichte "

of the latter scholar, published at Gotha in

1884, the author not only sets before the general reader

or student the statements of certain facts, but gives in

foot-notes the authorities for the statements, so that

his work may easily be controlled.

This was an important step in advance, and has done

more to convince people generally that the decipher-
ment of the Egyptian inscriptions has been productive of

important results than can be directly estimated. Long,

however, before any of the above-mentioned works was

written, or probably planned. Dr. Brugsch, the greatest
of all living Egyptologists, so far back as 1859, published
the first part of a history of Egypt which was to begin
with the earliest monument, and to end with our own

days ;
this part was entitled

"
L'Egypte sous les Rois

Indigenes," and was published with 19 plates in quarto,
but the two other parts, which were announced to contain

the history of Egypt under the Greeks and Romans, and
under the Arabs, seem never to have appeared. In 1876
Dr. Brugsch published his "Geschichte Aegyptens unter

den Pharaonen," in two volumes, with maps and tables
;

and in this work he dealt with the history of Egypt as

comprised in the thirty dynasties, beginning with the

first historical king, Menes, and ending with Nectanebus.

The narrative was written in fine German, and nearly

every important event in the history of Egypt, as then

known, he described by translating the hieroglyphic
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inscription which referred to it. These translations read

easily, and, on the whole, represented very well the sense

of the Egyptian inscriptions in the words of a modern

language. In 1877 Mr. John Murray published an English
translation of this work entitled

" A History of Egypt
under the Pharaohs," with Maps, by H. Brugsch ;

the translation was the joint work of Danby Seymour
and Philip Smith, and although it was on the

whole good, it was only too evident that on cer-

tain points of Egyptology the translators had no

special knowledge, while the beauty of Dr. Brugsch's

style was, of course, lost in the process of transla-

tion. In 1881, Mr. Murray issued a second edition of

the work, which, in addition to a new preface by Dr.

Brugsch, contained a number of notes by Philip Smith,
which were helpful to the reader, and several alterations

and corrections by the author himself
;
the thirty-two

pages of additions and notes were also most useful.

During the past ten years great strides have been made
in the science of Egyptology, notwithstanding the loss, by

death, of Birch and Lepsius, the fathers of Egyptology ;

and general investigations into the history and language
of Egypt have resulted in the discovery of a host of new

facts, many of which have an important bearing upon the

received ideas on these subjects. That a new edition of

Brugsch's "Aegypten," or of its English translation is

called for, is not to be wondered at, and no one has

shown himself more sensible of this need than Mr. Murray
himself. We venture to submit, however, that any attempt
to

" condense" or "thoroughly revise
"
the work by any-

one except Dr. Brugsch or some competent hand was a

mistake. The "condensed" edition of "Egypt under

the Pharaohs" now before us contains 450 pages of text

8vo., and three maps ;
all Philip Smith's notes, which, as

we before said, were useful to the general reader for whom
this book is intended, are deleted, Brugsch's article on

the Exodus, the additions and notes, the transliteration

and translation of the stele of Usertsen III. have been

omitted, and the originally full index has been cut down.
Each page contains five lines more than the second

English edition, hence we necessarily expect the " con-

densed" edition by Miss Brodrick to be a smaller book ;

but seeing also that by cutting out clauses and important

adjectives, &c., &c., she has succeeded in putting 49

pages of the second English edition into 1 8 of the condensed

edition, we do not understand the statement made in the

second paragraph of her preface that nothing has been
omitted except the Essay on the Exodus and the trans-

literation, &c., of the Tablet of Usertsen.

We have no doubt that Macaulay's
"
History of Eng-

land" could be condensed to one-fifth of its present size

by cutting out all that is explanatory of facts
;
but what

should we gain by this mutilation ? Miss Brodrick's

condensation has been so vigorous that Brugsch's ex-

planation of the word "Hyksos," which occupies fifty-

seven lines in the second English edition, occupies only

eight in hers ;
and where Brugsch gives two references

to one event described in the Bible, Miss Brodrick omits

the one which refers to the fuller narrative (p. 375, note 4).

"The much-vexed question of the nationality of the

Bubastites has, so far as possible, been accommodated
to Brugsch-Bey's present views" by omitting whole

paragraphs which occur in the second English edition.
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In the condensed edition the cartouches of Egyptian

kings which stood at the head of the chapters in the

second Enghsh edition have been placed at the beginning

of the book, and Miss Brodrick has added five pages of

matter on the Der el-Bahari mummies.

We have long hoped that Dr. Brugsch would issue a

new edition of his
"
Aegypten unter den Pharaonen,"

revising his facts in some places, and correcting his

statements in others, and also adding the new facts

relating to the periods between the Vll.-XIth and XIII.-

XVIIth Dynasties, which have recently come to light;

failing this, which is much to be desired, we hoped that

one of his pupils would do the work under his guidance.

That, however, the English translation made by Seymour
and Smith, mutilated and robbed of its notes, and of the

additions of the author, should be issued as a popular
text-book of Egyptian history under Brugsch's name is

a fact which we deplore.

OUR BOOK SHELF.

The Story of the Hills : a Popular Account ofMoutttains,
and how they were made. By the Rev. H. N. Hutchin-

son, B. A., F.G.S. (London: Seeley and Co., 1892.)

This is a pleasant, chatty book, all the more welcome
because wholly unpretentious ;

not too deep for
" human

nature's daily food
" when roaming among the hills of

which it treats. It will be read with pleasure and profit

by the tourist, who likes to know just enough about the

sundry points of interest connected with the scene of his

wanderings to make the enjoyment of his outing intelli-

gent, but who is not haunted by a feverish anxiety to be
for ever, in season and out of season, improving his

mind. Many who would shrink from a formal scientific

treatise with horror or disgust will find themselves able

to enjoy this book, and through its channel scraps of use-

ful knowledge may insinuate themselves into their minds
which would never have found their way there by any
other road.

Part I. is multifarious, and touches on a vast variety
of matters more or less connected with mountains, and

principally of human interest—mountain races, mountain

legends, the uses of mountains to mankind, mountain

storms, avalanches, and the plants and animals of moun-
tains. Scientific explanations of facts and phenomena
are interspersed : the severe critic may detect a little

vagueness and looseness here and there in these, but no

very serious lapse. Well-chosen quotations from Ruskin
and other authors give brilliancy to the narrative. There
are landscape views reproduced from photographs, which
have all the excellences and the artistic failings of this

class of illustration.

Part II. is mainly taken up with a geological history of

mountains. Here all the main geological truths that

bear on the subject are expounded clearly, and with

great fullness of detail. In fact, an epitome is given of a

large number of the leading doctrines of geology, which
will suffice for the needs of many a general reader. A
separate chapter is devoted to volcanic mountains and
volcanic activity. We may note that the three stages in

the life of a volcano mentioned on p. 266 are not such as

are usually defined by geologists. A. H. G

The Optics of Photography and Photographic Lenses.

By J. Traill Taylor. (London : Whittaker and Co.,

1892.)

Although photography is so widely practised at the

present day, it is surprising how little is known by
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amateurs about the principles that underlie the con-
struction of photographic lenses.

The present work will serve as an excellent guide to
those who wish to gain this information, and should be
found to be of great practical use. The author has dealt

i with the subject in a very popular manner, and although
: the mathematics is reduced to a minimum, he has made
his meaning very clear throughout.

In the first few chapters the nature and properties of

light are discussed, together with explanations of photo-
graphic definition, single and achromatic lenses, cause of

!
the inverted image, spherical aberration, nature and func-
tion of diaphragms, nature and cure of distortion, optical

i
centres of single and combination lenses, &c. Chap-
ters xi. to XV. treat solely of lenses, including accounts
of the non-distorting, wide-angle, portrait, landscape,
copying, and universal lenses. As there are thirty-nine
chapters in all, we may mention that of those remaining
there are many on subjects which may be of special
interest to individual readers. Thus we have a chapter
dealing with photo-telescopic lenses, a short one on the

grinding of lenses, and another on enlarging and pro-
jecting in relation to lantern optics.

It will be seen that the author has dealt with a
wide range of subjects in which the lens makes its ap-
pearance, and the reader will find that the explanations
are lucid, while the illustrations bring out the points
which they are intended to show with equal clearness.

W.

The Evolution of Lifej or, Causes of Change in Animal
Forms. A Study in Biology. By Hubbard Winslow
Mitchell, M.D. (New York and London: G. P.
Putnam's Sons, 1891.)

Dr. Mitchell says in the preface to this book that he
has accomplished in it

"
all that can be reasonably ex-

pected from a medical man deeply immersed in the duties
of his profession." What most people expect from medical
men in this position is that they will not write books on
vast and complicated subjects, for the proper treatment
of which an author must have not only exceptional ability
but ample opportunities for philosophic study. So far as
we have examined the work, it has neither freshness of

thought nor charm of style. Dr. Mitchell mentions that
he has travelled in many different parts of the world. If

he was determined to write a book, he would have been
better employed in recording his reminiscences as a
traveller than in tediously discussing questions which
have occupied so many of the foremost intellects of the

present age.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part ^/Nature.
No notice is taken of anonymous communications.

'\

A Magnetic Disturbance.

Our attention having been directed for some days past towards
a spot of unusual size upon the sun's disk, we were not by any
means surprised to observe, as doubtless many of your readers

elsewhere also did, an aurora of great beauty on Saturday night
last

;
nor was our anticipation of seeing a magnetic disturbance

portrayed upon the magnetograph records disappointed in the

morning, for when the sheets were changed and the photographs
developed, we saw that perturbations more violent than any
which had been recorded at Kew for the past ten years had
been in progress since about 5.45 a.m. of February 13.
The magnets were very quiet on Friday, but early on Satur-

day morning they became disturbed. The easterly declination



February i8, 1892] NATURE 365

slightly increased until about 5.40 p.m., whilst both horizontal
and vertical forces similarly increased in intensity, more espe-
cially between 4 and 6 p.m. They further diminished in force
after 10 p.m., and their changes became very rapid from 12

midnight to 2 a.m., whilst at the .same time the declination

proceeded to its extreme westerly position. Subsequently, the
fluctuations in magnetism became much reduced in extent, and
the whole disturbance gradually diminished and died out about

4 p.m. of Sunday.
The Kew magnetometers were not able to record the complete

extent of the vibrations to which free needles were subjected,
nor could the entire change of force be secured in the field of
the instrument. The limits, however, clearly recorded were 2°

of declination from "1760 to '1830 of horizontal force, and from

•4350 to '4420 units of vertical force expressed in C.G.S.
measure in absolute force. G. M. Whipple,

Superintendent.
Kew Observatory, Richmond, Surrey, February 16.

The New Star in Auriga.
Prof. Copeland has suggested to me that as I am the

writer of the anonymous postcard mentioned by you a fortnight

^go (P- 325), I should tell your readers what I know about the
Nova.

It was visible as a star of the fifth magnitude certainly for

two or three days, very probably even for a week, 1 efore Prof.

Copeland received my postcard. I am almost certain that at

two o'clock on the morning of Sunday, the 24th ult., I saw a
fifth magnitude star making a very large obtuse angle with 3
Tauri and x Aurigse, and I am positive that I saw it at least

twice subsequently during that week. Unfortunately, I mistook
it on each occasion for 26 Aurigae, merely remarking to myself
that 26 was a much brighter star than I used to think it. It

was only on the morning of Sunday, the 31st ult., that I satisfied

myself that it was a strange body. On each occasion of my
seeing it, it was slightly brighter than % How long before the

24th ult. it was visible to the naked eye I cannot tell, as it was

many months since 1 had looked minutely at that region of the
heavens.

You might also allow me to state for the benefit of your
readers that my case is one that can afford encouragement to

even the humblest of amateurs. My knowledge of the techni-

calities of astronomy is, unfortunately, of the meagrest descrip-
tion ; and all the means at my disposal on the morning of the

31st ult., when I made sure that a strange body was present in

the sky, were Klein's "Star Atlas," and a small pocket tele-

scope which magnifies ten times.

Thomas D. Anderson.
21 East Claremont Street, Edinburgh, February 13.

Nacreous Clouds.

In the morning of the 30th ult. there was a magnificent display
of the nacreous (or iridescent, as they were first called) clouds,
which formed such a striking feature of the sunset and sunrise

sky for some days in succession in December 1884 and 1885
(vol. xxxi. pp. 148, 192, 316, 360, &c.). They were not exactly
the same in appearance, but I should say they were of the same
nature. I had not seen them in the interval of six years, and
have only noticed them lately on the one day mentioned. They
were confined to the southern part of the sky. As the sun rose

higher their colours were less visible, and the clouds disappeared
about noon ; though in the afternoon some reappeared, but
never became very striking. At 5h. 44m. G.M.T. there was

only one group, which was too far from the sun to show any
nacreous colours

;
its centre was about at hour-angle ih. 2m.

west, and declination 23^" south. Although conspicuous they
were no longer very bright, and I should say the sun was

evidently not shining on them, for they were the same bluish-

green colour as the western sky, and I apprehend were
illuminated by the sky. T. W. Backhouse.

Suoderland, February 9.

The Cause of an Ice Age.
In his very kindly review Prof. Darwin thinks I might have

stated my argument with more completeness if I had preserved
its generality by the use of a symbol instead of taking a special
cascr

No doubt in many ways the treatment he suggests would have
been better. It would, for instance, have enabled me to prove
the case a fortiori. Perhaps, however, the reasons given in

the chapter explaining "why the book has been written" may
show that for the object I had in view the method actually used
was appropriate.

I am also much obliged to the same friend for pointing out
that the astronomical theorem proved in the appendix had
been given by Wiener,

" Uber die Siiirke der Bestrahlung
"

{Zeitsc/irift der Oesterrcichischen Gcsellschaft fiir Meteorologie,
vol. xiv., 1879, p. 129). Robert S. Ball.

Observatory, Co. Dublin, February 9.

Ice Crystals.

With reference to the letter on the subject of ice crystals
which appeared in Nature of the 4th inst. (p. 319), it is

perhaps worth mentioning that a paper on the subject, entitled
" Eine Eiskrystallgrotte," by"C. A. Hering, appeared in Groth's

Zeitschrift fiir Krystallographie tmd iMineralogie, Band xiv.

(i888), pp. 250-253, and Plate vi.

The crystals occurred in an old mine on the Waschgang near

Dollach in Carinthia. Large fans, as much as 300 mm. long x

200 mm. broad, of ice-crystals grow out horizontally from the

vertical walls. The stalk, consisting of a series of hexagonal
prisms, hollow, like thermometer-tubes, was in the middle

25 mm. thick and thickened towards the point of attachment to

the rock. The fan surface was a larj;e hexagonal plate with

strong prismatic ribs running from the centre to the angles.
The interspaces between the ribs were filled by prisms arranged
with the greatest regularity. Upon the ribs of the fan either

single crystals or funnel-shaped structures with step-like sides

consisting of prisms were borne. The individual crystals were
almost all thick tabular forms, with prism, basal pinacoid, and
rhombohedral faces. Bernard Houson.
Owens College, Manchester, February 8.
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A Rare British Earthworm.

In the summer of 1890, during my researches into the

Vermes of Cumberland, I discovered a species of earthworm
which proved to be new to Britain {Lumbrictis Eiseni, Levinsen).
As I have recently had the good fortune to receive specimens
of the same worm from another part of the country, it seems
desirable to place the same on record. A correspondent writes

from Gloucestershire as follows :
—

" Last Saturday (Januai^y 30, 1892), I walked up to one of

my favourite woods here on the Cotswolds, about 700 feet above
the sea—a damp old beech wood, the Frith Wood of Withering's

"Arrangement," seventh edition, 1830
—and seeing a stump of

some 10 inches diameter with a growth of the black ' Candle
Snuff Fungus

' on it, I examined the rotten wood, which gave way
to the pokes of my stick. Among this rotten wood I saw some
earthworms, two or three of which I inclose, hoping they may
prove an addition to our worm fauna."

I have placed on record all the known earthworms of

Gloucestershire in The Field Club for 1891, to which this may
now be added. The worms were small, but in good form for

identification, and prove to be specimens of Eisen's worm. I

have, unfortunately, been unable hitherto to consult Levinsen's

original description ; nor have I been able to obtain Rosa's
memoir published in ihe Boll. Mus. Zooi., Torino, 1889 (vol. iv..

No. 71). I am therefore obliged to content myself with a

description of the specimens in my possession.
Lumbricus hiseni. Lev., as found in Britain, is a small species

of earthworm, measuring about i| inches in length when adult.

It has the usual colour of the allied species
—the purple and

red worms—being of a ruddy hue, with iridescence. The
clitellum or girdle, which occupies segments (24) 25 to 31, is a

reddish-brown, being lighter in colour than the anterior portion
of the worm's body on the dorsal surface. Ventrally the worm
is, as usual, of a lighter shade. No tubercula piibertatis have
been seen under the girdle, but the first dorsal pore in every
specimen examined is clearly detected behind the 5th segment.
This may be indicated by the fractional sign % ; and as the most
recent researches tend to demonstrate the constancy of this

character for each species of earthworm, it is important to note
the same. The lip or prostomium has the complete mortise and
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te'ion arrangement which distinguishes Lumbricus from Ailolo-

bophora.

The male pore is situated normally on segment 15, but as the

pa|jillae which carry the pores are large, they extend over the

adjoining segments on either side. Earthworms vary greatly in

this respect. Rosa says that spermaihecse are absent in this

species, a peculiarity which has been noted in worms belonging
to several other genera. I have not sufficient material to enable

me to confirm or dispute this statement at present. I have
counted the segments of three specimens, and found ihem to be
in each instance 106. As the year advances I hope to be able

to obtain mature adults for dissection, when it will be possible
to give a detailed account of the internal anatomy. Meanwhile
the external characters are amply sufficient for distinguishing the

worm if the girdle is properly developed, as its nearest British

ally {Lumbricus piirpureus, Eisen) has the clitellum on segments
2S to 33. HiLDERic Friend.

Idle, Bradford.

The Implications of Science.

Will you allow me to say something in answer to Mr.
Dixon's letter on this subject in Nature ofJanuary 21 (p. 272) ?

(i) I admit that there is a verbal or symbolic "convention
"

if two (or more) persons agree to understand any given words or

symbols in a way arbitrarily chosen by themselves. But the

scope of such convention is exceedingly limited : if people wish
to be understood, or even to understand themselves, they must
use the same words as others use, and use them in the same
sense (except in an infinitesimal proportion of case-). If it is

said that the common application and use of current words is a

mere convention, the word convention is taken in an extremely
strained and metaphorical sense, since nothing like an explicit

agreement has ever been made. The " convention
"
as to the

use of language is as fictitious as the social contract of Locke
and Rousseau. But in the one case, as in the other, there is a

solid basis of facts, to suit which the hypothesis has been pro-
duced. Language has been moulded by thought and feeling,

which, in their turn, have been impressed by facts ;
and it is

facts and relations of facts that language seeks to express. As
Mill says (in the first chapter of his

' '

Logic ") names are a clue to

things, and bring before us "all the distinctions which have
been recognized not by a single inquirer but by all inquirers
taken together." No one, I imagine, would say that a

particulu}- case of the impossibility of affirming and denying a

given statement, depends
"
solely on the law of contradiction

"
;

out in the case of any particular assertion, the impossibility, in

that case, is seen, and to a mind that has reached the generalizing

stage, the universal is discernible in the particular. As regards
the question of "real propositions," I will not occupy space
with quotations, but will only refer to Mr. Dixon's letter of Dec-
ember 10, in which the passages occur which led me to think

that he regarded assertions (or denials) of the existence of

particular objects as the only
"

real
"

propositions.

(2) As regards induction, I agree with Mr. Dixon that the

starting point in induction is hypothesis or discovery. But with

reference to the rest of the procedure, and its relation to

so-called "formal
"

logic, I differ from him. For I think that

an inductive generalization may be set out syllogistically ; e.g.,

What has once produced X will always produce X ;

A has once produced X ;

, •, A will always produce X (= all A is X).

If space allowed, I should like to consider the justification for the

major premiss, and also to say something about the grounds on

which the minor (which indicates the hypothesis or discovery)

asserts causation [or concomitance] in a given instance.

(3) Mr. Dixon says :
" We do not, in mathematics, conclude

a universal proposition from a single concrete instance." But

it appears to me that, as far as my own experience goes, in every

concrete mathematical proposition which I understand this is

exactly what happens ; and I do not see how, on Mr. Dixon's
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view, mathematical formulae could ever have been constructed.

"A mathematical formula," Mr. Dixon remarks, "does not

imply the existence of any instance whatever of its application,

any more than a definition implies the reality of the thing
defined." But if a definition is always of a thing, what more is

wanted? The definition is admitted to be oi something ; and
what is something must, I suppose, exist somehow.

(4) I still think that in the passage in Mr. Dixon's letter

which I referred to under (4) he is not consistent. For if, as he

asserts, the definition oifoura.% = i + 1 + i, makes it false to say
that 7wicc' two arc four, this is surely because \)^q facts referred

to hy four are no longer what they were when the statement in

question was true. If definitions were purely arbitrary, as Mr.

Dixon holds, what would prevent my saying that Four (H- 1 -I- 1)

means tzvice tivo (i -f i) -1- (i -I- i) ? It is surely only the refer-

ence to things which makes it absurd—(and, hov/evevfozer (4)

may be defined, how is one (i) to be understood, except by refer-

ence to things?).
That words and symbols used intelligibly do, and must, refer

to something beyond themselves, seems to me indisputable. If

they did not, no assertion of the form S is P could ever be

made, for the symbol S is certainly not the symbol P. And for

any statement, of the form .S' is P, to be possible and significant,

it is further necessary that S and P should have identical appli-

cation, but diverse signification. If application and significa-

tion were the same, we should get .5" is S and P is P ; if applica-
tion were 7iot the same, we must say, S is not P. Hence, no terra

can ever be taken in rnere denotation (or application), nor in

mere connotation (signification) ;
but both mo77ienta of each

term have to be taken into account in every assertion. If (to

take a case given by Mr. Dixon in his
"
Essay on Reasoning,"

p. 8) we "define" metal as "the list of denotation, iron,

copper, tin, zinc, lead, gold, and silver," then iron, &c. ,
can

only be pointed out by taking some specimen of iron, and

saying, This and all other things ivhich are LIKE it in certain

respects. An absolutely arbitrary denotation can be given only
if the 7vhole of the objects denoted are severally pointed out ;

and even then, unless they are labelled, they can only be re-

membered and identified by means of their characteristics ; if

labelled, by that characteristic.

Mr. Dixon objects to my attributing to him the view that
" mathematical truths in as far as

'
real

'

are obtained by induc-

tion, and are therefore not necessary." But in his letter of

Dececnber 10 he says:
—"For example, the assertion 'Two

straight lines cannot inclose a space' is certainly not a 'neces-

sary truth.' Either its terms are defined by connotation, so that

its truth depends solely on those definitions, or else its terms

are defined by denotation, as representing real things in space ;

and the truth of the assertion can only be proved by induction

from actual experience with those things. In the first case, the

truth is arbitrary, not necessary ;
and in the second case it

might conceivably be false, as was shown by Plelmholtz." It

was this passage which led me to the opinion which I expressed.

Cambridge, January 31. E. E. C. Jones.

Vacuum Tubes and Electric Oscillations.

I HAVE not had the advantage of hearing the lecture of M.

Nikola Tesla nor of seeing his experiments, but it does not seem

out of place to recall the attention of your readers to an article

by Dr. Dragoumis in your issue for April 4, 1889, in vol. xxxix.

p. 548. Oliver J. Lodge.

THE NEW STAR IN AURIGA.

SINCE
our last article was written the weather has

continued very bad for astronomical observations.

The only new results obtained which have reached us

consist of a paper read by Mr. Norman Lockyer at the

Royal Society on Thursday last, and an important

telegram from Prof. Pickering, which appeared in

Wednesday's Standard.

We will take these in order. Mr. Lockyer's com-

munication to the Royal Society was dated February 8
;

it stated that two more photographs, containing many
more lines than the former ones, were taken on Sunday

night, February 7, and it went on to make the important
announcement that " The bright lines K, H, h, and G are
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accompanied by dark lines on their more refrangible
sides."

This was substantially the substance of the telegram
which appeared in the Staitdard on the following Wed-
nesday (February 10), with the additional remark that

the Harvard astronomers thought it possible that the

phenomena presented by the new star had been caused

by the collision of two celestial bodies.

On the next day the detailed observations made on

Sunday night at Kensington, together with the approxi-
mate wave-lengths of the lines measured on the photo-

graphs, were sent on by Mr. Lockyer to the Royal Society.
From these we learn that the Nova on Sunday appeared
to be slightly brighter than on February 3.

With the lo-inch refractor and Maclean spectroscope,
C was seen to be very brilliant, and there were four very

conspicuous lines in the green. Several fainter lines were
also seen, and a dark line was suspected in the orange.
Mr. Lockyer noticed that some of the lines, especially the

bright one near F, on the less refrangible side, appeared
to change rapidly in relative brightness, and this was
confirmed by Mr. Fowler.

Observations of the spectrum were made by Mr. Fowler
with the 3-foot reflector and the Hilger 3-prism spectro-

scope. These call for no special remark.

Twenty bright lines have been measured on the

photographs, and their wave-lengths are given in the

accompanying table :
—

Lines in the spectrum of Nova Aurigse.
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(2) The action of a closed circuit carrying a current

upon any current element is normal to the element.

(3) The action of a closed (non-varying) solenoid upon
a current element is zero.

It is besides assumed that the action of a circuit upon
a current element is the sum, in the dynamical sense, of
the individual actions of the elements of the circuit

;
and

that the action between two elements is a force in the

straight line joining their centres.

The process used for the deduction of Ampere's formula
from these premisses is very elegant. If ds, ds' be the

lengths of the two elements, y, y' the currents in them,
e the angle between the elements, 6, 6' the angles they
make with the line joining their centres, the action of ds
on ds' may be represented hy /{r, 6, 6', e)yy'dsds'. But
the action of ds may, by the first principle stated above,
be replaced by the actions, of its components d.v, dy, dz

;

so that

/= A^ + B
as as as

where A, B, C are coefficients. Now, / depends upon
r, 6, 6', €

;
r and 5' do not depend on the direction cosines

of ds
;

cos 6 and cos e are linear and homogeneous
with respect to these direction-cosines. Hence / must
be linear and homogeneous with respect to cos 6 and
cos e, that is with respect to dr/ds, and d-r,dsds'. Simi-

larly, /is linear and homogeneous with respect to drjds',

d'^rjdsds'. Hence we have

^^^^"^^ds ds'
-^

'I'^'-^dlds-"

where y}/{r) and (f){r) are functions of r.

These functions are determined by the second and
third fundamental principles. The second gives %//(;')=

4>'{r), so that the problem is reduced to the determma-
tion of (f){r). This value of -^{r), however, permits / to
be written in the form

2dU/dr . dm/dsJs',

where U is a function of r only, and

dU/dr = V^-j.
From this it is then shown that, if T be the so-called

electrodynamic potential (electrokinetic energy) of the
circuits—that is, the function the space variation of

which, for any direction, is the force in that direction
between the circuits—

T =-in
dU dU , ,,~ — dsds,
ds ds

the currents being each unity, and the integrals being
taken round the circuits.

The determination of U is then effected by means of
the third principle. It is first shown that T may be
written as the integral of Fdx -f Gdy + Udz round the
circuit to which ds belongs, F denoting the integral
round the other circuit of \J'-ds'dr/ds' . {x

—
x')/r, and

G, H similar expressions. F, G, H are, in this theory,
what Maxwell has called the components of vector

potential. These values of F, G, H, it is to be remarked,
fulfil the relation

dF/dx + dG/dy + dH/dz (= J) = o.

By applying the third principle it is proved that, if

V^ have its ordinary signification, and /'(r) = {J"-/r,

(U' = dU/dr), V'ifir) must be a constant, in order that
the action of a closed non-varying solenoid on a com-
plete circuit may be zero. Since f(r) must be zero at

infinity, this gives /(r) = kjr; and if the ordinary electro-

magnetic definition of unit current be taken, k must
be unity, so that U' = ± i/ ,^r. Hence the attraction
between the elements is

Z-yy'dsds'
-

, (cos « - S cos 9 cos d').

Ampere's well-known expression.
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The above expressions for F, G, H reduce easily to

\f{r)dx', \f{r)dy, /{r)dz', so that, putting in the

value of /(r), we get the well-known value of the mutual

energy of the two circuits—

ir dsds'.

The theory of induction is next taken up. After a
short discussion of some objections made by M. Bertrand
to the received method of deducing the laws of induction
from the observed facts of electromagnetism, M. Poin-
care proceeds to show that the electrokinetic energy of
two currents is equal to the electrodynamic potential,
and recalls Maxwell's application of Lagrange's dyna-
mical equations to the theory of inductive action. He
then deals at some length with the celebrated theory put
forward by Weber for the action between two quantities,.

e, e', of electricity, as depending on their distance apart
and their motion.

This we pass over, with the remark that Poincare here
discusses certain difficulties to which the theory leads in

connection with the value it gives for the action between
two current elements, and concludes with a short analysis
of Maxwell's examination of the theory of induction as
deduced from Weber's law. According to Maxwell
(" El. and Mag.," vol. ii. p. 445, second edition),
Weber's theory gives, for the inductive electromotive
force exerted by the circuit in which the current y flows
on the other, the equation—

E=''-f fyl±^^dsds',
dtj J

'
r ds ds'

closed circuit, agrees with the well-knownwhich, for a

equation^
—

-
1/i

-dsds.

M. Poincard points out that this apparent agreement
of the two theories is due to the fact that Maxwell has
overlooked certain terms which contribute to the value
of E, and which do not give a zero result when integrated
round a closed circuit.

The expressions given by Weber and Neumann for the

mutual potential of two current elements are next con-

sidered, and shown to be included in the general expres-
sion given for the same potential by Helmholtz. By
means of this expression Helmholtz's general electro-

dynamic theory is introduced, and then follows an
elaborate comparison of the theories of Helmholtz and
Maxwell. It is shown that Helmholtz's theory leads to

the value of T for conduction in three dimensions given
by the equation

—
T = I i {¥u -^ Gv + Hw)a'ffi,

where ddi is an element of volume, u, v, w the components
of currents, and the integral is extended throughout all

space. F, G, H, are, of course, the components of vector

potential, and in this theory are given by equations
—

F=

where

= fy'dx'fr -I- ^(i
~

k)d^ldx, &c.,

^ — I y'ds' . dr/ds'.

If p be the density of free electricity at any point,

dttjdx + dvjdy -f dwidz — —
dpjdt,

and this, when instead of y'drjds' is substituted its value
in terms of

//', v', iv', gives, by an application of Green's

theorem, the result—
i|/
= / rdp'Idt . dts',

where d'Si' is an element of the space in which the current
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7' is flowing. Now, if in the insulating dielectric two
like quantities of electricity, ^, e' , would produce a re-

pulsive force of magnitude ee'lXf-, the electrostatic

potential (\>, due to the free electricity of density p', is

given by the equation
—
\<p

j
p'dm'/r.

Thus, from the foregoing values of F, G, H, three

equations are obtained, viz.,

V^F = -
4-n-M + (I

-
k)Kd^^ldxdt,

with two similar equations for v-G and v-H. These
give

aYjdx + dGfdy + d^jdz = -
kxdtpldi,

which is zero if /^ or X be zero.

If, now, the magnetic inductive capacity be taken for
the moment as unity, and the magnetic force (a, /3, y) be
so defined that T is y times the magnetic induction

through the circuit in which the current whose numerical
magnitude is y flows, we deduce easily the equations—

o = dUldy -
dGldz, &c. ;

so that there follow

dy

dy
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Mossotti's theory, which is the starting-point of all

mathematical theories of polarization, the conducting
particles are spherical, and therefore, if e be the ratio of
the volume of the spheres to the total volume of the
medium, the value of K is (i + 2e)/(i

-
e). It is here

assumed that the specific inductive capacity of the insu-

lating dielectric is unity. Poincar^, however, sees no
reason for making this particular assumption, and takes
it as A, a quantity which, if Maxwell's theory be the true

one, must be exceedingly small. This involves, as already
stated, K =

X</)(f), where (/)(e)is a quantity which be-
comes very great when f = i. Thus, according to

Maxwell's theory, the conducting particles are separated
by infinitely thin insulating partitions, so that they prac-
tically fill the whole space. Of course, the physical fact

may be very different from that here supposed : the theory
only furnishes a picture, not perhaps altogether clear and
intelligible, of the structure of the medium and its func-
tions.

It may be said that the infinitely small inductive capa-
city, X, of the medium, itself requires physical explana-
tion. This is quite true ; but so also does the specific
inductive capacity equal to unity assumed for vacuum or
air in the ordinary theories. In fact, such dielectric
theories as have been put forward, involving merely
polarization of the medium, only give an explanation
of the difference between the electric behaviour of one
medium and another, and furnish none whatever of the
real rationale of the propagation of electric action.

That the value of (^ may be finite, it is necessary that
the values of the volume density, p, and the surface density,
<t\ may be infinitely small, since

^
./z..

.
/ Kr

r/S.

Here p is the volume density due to the surface distribu-
tions on the opposite faces of the partitions between the

conducting particles, and this, it is easy to see, will be

infinitely small. Also, a-' is the sum of the actual density
(surface density of charge) on the surface of the con-

ductors, and the density, which is the surface manifesta-
tion of the polarization of the conducting particles, or
a-' — <T — {If -\- vig -\- nil). This also can be conceived
as exceedingly small, so that ^ may have a finite value.

Further reasons for preferring the theory of Maxwell
are discussed in chapter vi., which is entitled

" The Unity
of Electric Force." This chapter consists of an exposi-
tion of Hertz's modification of Maxwell's electromagnetic
theory

—a modification, it is to be remarked, practically
given also, but in vector form, by Mr Oliver Heaviside,
in various papers in the Philosophical Magazine. When
made, it exhibits a striking parallelism between the equa-
tions of electric and magnetic force, and leads to some
remarkable theorems. Using Maxwell's equations, and
deviating slightly from Poincar^'s mode of presenting the

equations, we have, if k now denote electric conductivity
of the medium, and P, Q, R components of electric force—

V ^"K dt j 4ir \dy dzj

with two similar equations for Q and R. But also we
have—

1^ da _ _ I /^R _ ^\
47r dt j\.-K\dy dzj

with two similar equations for /3 and y. These last may,
by the introduction of a non-existent quantity, g, be
written—

^n dt J 47r\^ dz
)'

&c., &c.

The quantity g, Heaviside points out, is the proper
magnetic analogue to k, and may therefore be called
the magnetic conductivity. Its reciprocal would be the
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+

true magnetic resistivity of the medium. Of course, in

an insulating medium k is also zero.

According to Maxwell's theory, P, O, R, n, /3, y fulfil

the equations—
d?^dq,_^ d\i.

dx

da

dy
=

O,

IT +f + ^-^ =0;
dx dy dz

the first, since duldx -f dvjdy -\- dwjda =
o, and the

second because the magnetic force in the medium, being
supposed purely inductive, nmst fulfil the solenoidal con-

dition, except at the (vortex) origin of the disturbance.
There is therefore, in Maxwell's theory, a perfect reci-

procity of relation between the electric and magnetic
quantities. Hence we might infer, from the magnetic
phenomena following from electric currents or flow of

electricity, an analogous set of electric phenomena follow-

ing from the flow of magnetism. Now we know that if

a magnet varies in strength it produces an electromotive
force of components P, O, R, at every point of the sur-

rounding space. This we may suppose due to a current
of magnetism flowing from one end of the magnet to the

other, and thus producing the variation in the magnet's
strength. The directions of the components of electric

force at any point are in fact coincident with those of the

components of vector potential produced by the magnet at

that point, and are equal to the time-rates of variation of

these components. But why should this not be regarded
as an electrostatic field in the ordinary sense of the term ?

For example, a current of electricity, flowing round a
closed circuit, produces a magnetic field equivalent to that

which would be produced by a magnetic shell of proper
strength, and having its edge coincident with the circuit.

Of this current a closed solenoid varying continuously in

magnetic strength (for example, a closed solenoid in which
the magnetizing current is varying in strength) is the

magnetic analogue, and ought in the same way to be

equivalent to an electric shelly in the sense of producing
an identical electric field. Such a shell ought to be sub-

ject in an electric field to dynamical action
;
and further,

two such varying solenoids ought to exert the same mutual

dynamical action, as would the two equivalent electric

shells if placed in the same configuration. The second
of these conclusions asserts that the dynamical action on
such a shell depends only on the electric field in which
it is placed, and that its action on the other varying
solenoid is due to its producing exactly the same electric

field as the equivalent electric shell would produce. This
is what Poincard gives as Hertz's principle of the unity of

electric force.

Of course, it is to be noticed that the second conclusion
does not follow from the first. We cannot reason that

because the mutual action of an electric shell and a vary-

ing solenoid is the same as that of two electric shells,
therefore the mutual action of two solenoids is the same
as that of two electric shells.

If, however, we assume that the dynamical action on
a closed varying solenoid depends only on the electric

field in which it is placed, we can say that the mutual
action of two varying solenoids is the sarric as that of their

equivalent electric shells.

M. Poincare calculates the work done in effecting a
relative displacement of two such varying solenoids, and
finds that it is equal to the change in the electrostatic

energy of the system, as the change in the electrokinetic

energy is all accounted for otherwise. Now, the electro-

static energy of a system is given as we have seen by the

equation
—

where
/= - (K -

\)/4,r . dYldt + d<p]dx.
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This may be written

87r \dxj %-K (2-f;}-
Now, if there be no inductive action—that is, if the

field be wholly electrostatic—
dYidt, dGjdt, dYijdt = o,

and hence, for two electric shells—

U
JStt^W

On the other hand, if the action be wholly inductive—
that is, if we have no so-called electrostatic action—

d<pldx, d<\>ldy, d<p/dz
= O,

and for two varying solenoids we have—

-'-f^'i'^h
If, then, there be the same mutual action between the

two varying solenoids as between their equivalent electric

shells, we must have U = U'. But because of the equi-
valence the value oi dYjdt, &c., produced at any point by
either solenoid, must be the same as those of d<pidx, &c.,

produced at the same point when the solenoid is re-

placed by its equivalent electric shell. Thus we get

U/U' = K/(K -
A), and therefore X = o. Thus, if the

principle of the unity of electric force is true, X = o, and
we have Maxwell's theory.

Dr. Oliver Lodge has, as is well known, endeavoured
to detect the existence of an electrostatic field produced
by varying magnetic action (Nature, May 23, 18S9, and

Electrician, May 17, 1889), and has reason to believe

that he has been successful. It is also possible, as Poin-
card suggests, that this kind of electrostatic action may
be developed when iron rings, &c., are placed in the field

of an alternating electromagnet, as in the experiments of
Elihu Thomson.

In a note, which forms a supplement to the comparison
of the theories of Helmholtz and Maxwell, M. Poincard

points out that when the mutual action of a varying
solenoid and an electric shell is considered, contradictory
results are obtained according as the solenoid is regarded
as fixed and the shell movable, or the shell fixed and the
solenoid movable. Thus the theory of Helmholtz in this

application does not give fulfilment of the third law of

motion.

Possibly, some such theory as this may throw some
light on the electric phenomena of voltaic cells, with their

finite steps of potential across the surfaces of separation
of dissimilar substances, and help to refer the production
of all currents to the single cause—electromagnetic
action.

We come now to the discussion which the book con-
tains of the experiments of Hertz. This fills considerably
more than one-half of the work, and we cannot, in the space
left at our disposal, give an adequate account of it. Of
the experiments themselves it is not necessary to say
anything, as they have been fully and ably discussed in

Nature by Mr. Trouton (February 21, 1889). Hertz's
own theory of the radiation of electric and magnetic
energy has also been given in these pages by Dr. Lodge
(February 21, 1889, et seq.). Poincare's presentment of the

theory is, however, marked by many points of originality,
and abounds in acute and interesting remarks.
The theory of the dumb-bell exciter used by Hertz is

first considered, then the field produced is discussed, and,
last of all, the action of the resonator or receiver is dealt

with. Taking the exciter as a couple of spheres, 15 cms.
in radius, placed with their centres 1 50 cms. apart, and
joined by a wire \ cm. in diameter, Poincare calculates

(l) the capacity, (2) the self-induction of the arrangement.
The value of the capacity of the arrangement of two
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spheres used by Hertz in the calculation of the period of

the exciter was that of each of the spheres by itself, viz.

15 cms. Now, if one of the spheres were alone in its own
field with a charge q and at a potential V, we should have

qjY = 15. But at any instant when the charge of one

sphere is q, that of the other sphere is —
^ ;

and since

the spheres may be taken as nearly without mutual influ-

ence, the difference of potential between them is 2V.

The capacity is, then, ql^M, or 7*5 cms.—half the value

used by Hertz. That this is the proper value to use for

the capacity is easily verified by a reference to the mode
of establishing the equation of oscillation, when it is seen

that the capacity is really defined by that equation as the

charge on one of the spheres divided by their difference

of potential.
The calculation of the self-induction given by Poincard

is interesting. Regarding, as an approximation, the

currents in the spheres, and the influence of the spark-

interval, as negligible, and taking the wire as of length /

(equal to the distance between the c-entres of the bulbs),

and of diameter d, and assuming that the current is wholly
on the surface of the wire 1 which it is approximately, when
in rapid alternation) he finds—

L = 2/!logi^- I +^
(

^ d 2

where k is the quantity which appears in Helmholtz's

theory.
This differs from the value given by Hertz in having

- I for the middle term within the brackets instead of
- 75, and {k

-
i)/2 instead of (i

-
k)l2 for the third

term. The first discrepancy arises through the currents

having been taken by Hertz as uniform over the cross-

section of the wire, and the second probably through an

error in sign. The self-induction, L, is 1902 cms. if the

term involving k is not taken into account, and (1902 -j-

150) cms. if k be put equal to zero.

Calculating the period T(= 277 \/LC, where C is the

capacity in electromagnetic units), we find it to be

2"5i X 10-^ seconds, and multiplying by the ratio of the

electromagnetic unit of quantity to the electrostatic unit,

or V, we get for the wave-length 7 '53 metres. Hertz gives

177 for the calculated half period, and 531 for the corre-

sponding halfwave-length. On account of the error in the

estimation of the capacity, it is clear that this value of the

half period and half wave-length must be divided by J2,
and this brings them into agreement with the values first

stated. There is, however, a serious discrepancy between
the results of theory and experiment, which we shall

notice presently.
The calculation of period, &c., of course proceeds on

the assumption that the resistance is negligible, and this

is no doubt the case to a sufficient degree of approxima-
tion. In the theory itself, also, no account is taken of

the induction coil or of the displacement currents in the

dielectric ; further, the energy is dissipated, not merely

by the production of heat, but by radiation into the di-

electric. That the influence of the induction coil is

indeed negligible Poincard gives reasons for supposing ;

in fact, on account of the enormous self-induction of the

induction bobbin, and the small mutual induction of the

exciter and the bobbin, the corrected differential equation
is the one formerly found for the oscillation, with the

addition of an exceedingly small term, so that the solu-

tion is practically the same as before. (Here, p. 162, the

expression
" a ^tant tres grand

" should be " a dtant

tr^s petit"). As Poincare states, the vibration of the

exciter is like that of a very small pendulum attached to

a massive pendulum of long period ; the period of the

former is very little affected by its mode of support. For
a similar reason the period is very little affected by the

very considerable capacity of the bobbin.

Experimenting on the velocity of propagation of electro-
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magnetic waves, Hertz found that the half wave-length
in air was about 4*5 metres, the corrected period of the
vibrator used being about 2 x io~'^ seconds. This gives
a velocity of propagation of 900/(2 x io~*) (or 4*5 x iqIO)

cms. per second, exceeding the velocity of light by about

50 per cent. For the wave-length in wires, however, he
found a value which gives a velocity of propagation
nearly equal to the velocity of light, when the correction

of the period for error in capacity is taken into account.

(Later, M. Poincare gives the half wave-length in air for

these experiments as 48 metres.)
Herr Lechner, experimenting at Vienna, has also found a

velocity of propagation in wires very approximately equal
to the velocity of light, which thus confirms Hertz's

result. On the other hand, MM. Sarasin and de la Rive,

experimenting at Geneva in 1890, found that the wave-

length observed depends very much on the dimensions
of the resonator. But using an exciter exactly similar to

that of Hertz, and of the same dimensions, and a resona-
tor 75 cms. in diameter, and therefore nearly an exact

copy of that employed by Mertz, they found a half wave-

length of 3 metres, instead of 4"8 metres as found by
Hertz. Thus there is a discrepancy between the two
results which it is difficult to explain. Hertz himself

gives a possible explanation, in a letter to M. Poincare
which is quoted in a note on some recent experiments
which is printed as an appendix. On account of its

interest, we take the liberty here of translating the extract

quoted. It is to be noted that what is called the wave-

length here is the distance from node to node, or half the

complete wave-length.
"

It is difficult for me to believe that I have been
misled in the second method into finding 4'8 metres
instead of 3 metres ; but since the result of Messrs.
Sarasin and de la Rive has every theoretical appear-
ance of truth, I have endeavoured to find out the cause
of the difference. Here are two ways of explaining
it. The waves were produced between two parallel
walls of a room, and I have taken account of the reflec-

tive action of only one of them. Let us suppose, to begin
with, that the length ofthe room is an exact multiple of the

wave-length, say three wave-lengths. We shall have two
well-marked nodes at the exact distance. If the length
of the room is four wave-lengths, we shall have three

well-marked nodes. But if the length of the room is

intermediate between these, and nearer the former than
the latter, we shall have two less distinct nodes at a dis-

tance apart greater than a wave-length. This explana-
tion would appear to me satisfactory, if the difference
were not too great.
"The other way of explaining the difference is this.

My reflecting plate of zinc was fixed in a niche in the

wall, and it is possible that the projecting parts of the
wall may have had the effect of carrying off the nodes to

a greater distance from the wall, and thus of giving too

great an apparent length as measured. But it is also

true that the niche was from 5 to 6 metres in width, and
it does not seem to me very probable that it can have
had any great effect.^

"
I therefore cannot tell precisely the cause of my

€rror ; but I believe there must be some way of explaining
it For a long time I have sought in vain to find a prob-
able cause for the difference of velocity in air and in

wires ;
and I had myself found, before Messrs. Sarasin

and de la Rive, that there is no difference for short waves
of 30 cms. in length. The results of these gentlemen,
however, give the same velocity for long waves, and con-
tradict my experiments

"

Connected with this point M. Poincard has some in-

structive remarks on what Messrs. Sarasin and de la Rive
have observed and called multiple resonance, and which

' For an interesting discussion of the eflfects of reflecting plates of
different dimensions, see a paper by Mr. Trouton in the Phil. Mag.,
July 1 89 1.
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has also been observed by Fitzgerald and Trouton.
Their supposition is that the exciter gives rise neither
to a single vibration of distinct period, nor to a limited

number of distinct vibrations, but rather to such a

complex of vibrations as would give a wide band ot

continuous spectrum. Thus all vibrations, agreeing with

possible modes of vibration of the resonator would be
reinforced. That this explanation is not borne out by
the theory is true, but on account of the incompleteness
of the theory it is not possible to attach much weight to

this fact. It is hard to believe that the vibrations can be

perfectly simple.
Poincard proposes, however, the following explanation.

For various reasons, he thinks the logarithmic decrement
of the vibrations of the exciter is probably much greater
than that of the resonator, and so the vibrations of the
exciter diminish in amplitude more quickly than those
which by any cause are set up in the resonator. Thus
the resonator, being started by the exciter, would continue
its vibrations after those of the exciter had become in-

sensible, but would then vibrate in its own proper period,
thus giving vibrations of longer period and of greater
wave-length than those which excited it. The wave-

length, being determined by interference, and used with
the too short period of the exciter, would of course give
too great a velocity of propagation. With this explanation
Hertz has expressed himself as practically in accord, and
so a possible way out of the difficulty seems opened up.
As Hertz remarks, the oscillations of the exciter, re-

presented graphically, do not give a curve of sines pure
and simple, but a curve of sines the amplitude of which

gradually diminishes. Such an oscillation will cause all

resonators receiving it to vibrate, but those in tune with
the exciter more violently than the others. A mathe-
matical investigation of the point is given by M. Poincare,
which explains the result, shown by experiment, that the

apparent spectrum found by Sarasin and de la Rive
seems more extended when wires are connected to the

vibrator, than when the propagation takes place freely
in air.

Whether this explanation be satisfactory or not, there

can be no doubt, on the whole, that the electromagnetic
theory of light is substantially true. The theory is far

from complete, and there are many outstanding points
which require further theoretical and experimental eluci-

dation. Some of these are touched on by Poincard in

his discussion of the field produced by exciters of different

forms, and the theory of the resonator, but especially in

a valuable series of notes which he has added to his

lectures. These deal with special topics, which are there

treated with more detail than was possible in the body of

the work. Such, for example, are his notes on multiple

resonance, the calculation of the period, and the propaga-
tion of waves in sinuous wires.

This article has run to too great a length, and must here
close. M. Poincare's work ought to be read by everyone
interested in Maxwell's great scientific generalization

—the

greatest, perhaps, ever made by a natural philosopher
since the days of Newton—and in its remarkable experi-
mental verification by Hertz. There never was, perhaps,
a time of greater mathematical and physical activity than
the present, but withal it is marked by a care for the

scientific student which no previous age ever displayed.
It is no small encouragement to humbler scientific

workers when masters of analysis like M. Poincard take
the trouble to pubhsh, in a connected form, their lectures

and researches on the current scientific questions of the

day. Besides earning the gratitude of those who are

thus admitted within the circle of their pupils, by imme-
diately communicating their discoveries and expositions
in this manner to the general scientific public, they
multiply many-fold the direct effect of their work on
scientific progress.

A. Gray.
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ON SOME POINTS IN ANCIENT EGYPTIAN
ASTRONOMY^

II.

4.
— The Probable Date of the Foundine^ of Denderah as

derivedfrom the Account of the Building Ceremonial.

SO much having been stated relating to the inscriptions

recording building ceremonials, I will now return

to the statement regarding Denderah,to see what can be
made of it on the view that either the middle or the chief

point
—that is, the brightest star of the constellation of

the Great Bear as we now know it—was the part referred

to, and that the cord was stretched to the star on the

horizon.

The first question which arises is, Was there any
reason why 8 Ursae Majoris at the centre, or n the

brightest, should have been used as the orientation point
at any time ? Was there any reason why any special

sanctity should have been associated with either 1 Cer-

tainly not in the case of S on account of its magnitude,
because Dubhe, not far from it, is much brighter And
certainly not in the case both of S and a on account of

the time of their heliacal rising. We seem therefore in

an impasse along this line of inquiry, but a further con-

sideration of the question brings out the remarkable fact

that at two different points of time the North Polar

distance of a Ursse Majoris was nearly the same as that

of a Lyrae and y Draconis, so that a Lyrae would be
visible at one of the dates and 7 Draconis with a Ursaj

Majoris at the other—all rising in the same amplitude.
The stars rising at the same amplitude, a temple directed

to one would be directed to the other, but the stars would
rise at different times. This, it may be suggested, may
have been the reason why a was used by the king : the

most convenient hour of the night was chosen. But
there may have been another reason.

We know enough of the Egyptian priests to imagine it

might be to their interest that even the king himself

should not know everything, and the question arises

whether, knowing the equal amplitudes of the risings of

these stars, the secret was retained while a Ursas Majoris
was used.

This, of course, can only be put forward as a sug-

gestion, and to many, no doubt, it will seem to be far-

fetched ;
but from the account given by Herodotus of some

of the ceremonials and mysteries connected with the

temple of Tyre, it is suggested that the priests used star-

light at night for some of their operations very much in

the same way as they might have used sunlight during
the day. According to Herodotus, in the temple in

question there were pillars of gold and emerald which
shone at night. Now, there can be little doubt that in

the darkened sanctuary of an Egyptian temple the light
of a Lyrae, one of the brightest stars in the northern

heavens, rising in the clear air of Egypt would be quite

strong enough to throw into an apparent glow such

highly reflecting surfaces as those to which Herodotus
refers.

Supposing such a ceremonial as this used at Denderah,
the less the worshippers

—
who, reasoning from the analogy

of the ceremonial termed the manifestation of Ra,"' would
stand facing the sanctuary with their backs to the chief door

' Continued from p. 299.
- (^neof thein-cinptions relating to the manifestation of R"i. has been trans-

lated by de Roug6 as follows :
—

"
II vint en passant vers le temple de Rfi : il entra dans le temple en

adorant (deux fois). Le >er-heb [celebrant] invoqua (celui qui) repousse
les plaies du roi ; il remplit les rites de la porte ; il prit le seteb, il se purifia

par I'encens : il fit une libaiion ; il apporta les fleurs de Ilabcnben [a part of
the temple] ; il apporta le parfum (?). II monta les desjres vers I'adytum
grand, pour voir Ra dans Habenben ; lui-meme se tint seul ; il poussa le

verrou ; il ouvrit lesportes; il vit son pcre Ra dans Habenben ; il vcn(ira la

barque de Ra et la barque de Turn. II tira les portes, tt posa la lerre

sigillaire (qu'il) scella avec le sceau du roi. Lui-meme ordonne aux
pretres,

'

J'ai placd- le sceai! ; que n'entre pas quelqu'un dedans de tout roi qui se

tiendra (la).'
"—" Chrestomathie Egyptienne," de Rouge, iii. p. 60

of the temple
—knew about the question of a bright star

which might probably produce the mystery the better
;
so

that it may be almost said that the priests had a reason,
and a very good one, for using a comparatively faint star

for the orientation of a temple, some of the uses of which
were to utilize for their own purposes some of the

phenomena presented by a bright one rising at the same

amplitude. These considerations have, however, only
full force as between o Ursaa Majoris and a Lyree.
Of course, so far, nothing can be said with certainty

with regard to either of the stars in question having been
chosen for the original orientation, but in an inquiry of

this kind no line of evidence is to be neglected.
We next come to possible dates. Taking the ampli-

tude of Denderah as 73^, the dates of foundation given by
either a Lyrse or y Draconis will be those at which these

stars had an equal amplitude.

Roughly, and only roughly, these dates would have
been as follows :

—
Horizon 2° high

o Lyrce 7200 1? c.

7 Draconis 4400 B.C.

Now, what are the records concerning this temple?
We know that the structure now visible to us was built

in the time of the last Ptolemies and the first Roman
Emperors, and I have already shown that at those dates

the Great Bear (the old Thigh) did not rise at all, as it

was circumpolar.
But it is also known that there was a temple here in the

time of Thotmes 111., and even earlier, going back to the

earliest times of Egyptian history. King Pepi, of the

6th dynasty {circ. 3233 i?.c), is portrayed over and over

again in the crypts.
Even this is not all the evidence in favour of a high

antiquity. In one of the crypts (No. 9), accordingto Ebers
and Diimichen there are two references to the earliest

plans of the temple. One inscription states that the great

ground-plan (Senti) of Ant (Denderah) was found in old

writing on parchments of the time of the followers of

Horus (sun-worshippers) preserved in the walls of the

palace during the reign of King Pepi. Another in-

scription goes further, referring to the restoration by
Thotmes III. {circ. 1600 r..C.) of the temple to the state in

which it was found described in old writings of the time

of the King Chufu (Cheops) of the 4th dynasty {circ.

3733 B.C.). If any faith is to be placed in this inscrip-

tion, it seems to me to suggest a still higher antiquity.

I There would have been more reason for describing an

I antique shrine than a brand new one, and the date 4400

I

is well within the historical period, according to Mariette.

I If, then, I am right in my suggestion as to the word ak

I referring to « Ursae Majoris, and as to a star rising at an

equal amplitude to y Draconis being for some reason made
: use of in the building ceremony, we find the closest agree-
ment between the astronomical orientation, the definite

statement as to a certain star being used in the building

ceremonies, and the inscription in the crypts referring to

Cheops as the earliest historical personage who de-

scribes the building. I must confess that this complete

justification of the double record strikes me as very

remarkable, and I think it will be generally conceded
that further local observations should be made in order to

attempt to carry the matter a stage further.

If the above results be confirmed we have a most

important indication of the fact that in the rebuilding
in the time of Thotmes III. and of the Ptolemies, the

original orientation of the building was not disturbed,
and that in the account of the building ceremonies we
are dealing as surely with the laying of the first foundation

stone as we are dealing with the original plan.^

I On this point I am permitted by Prof. Masp^ro to print the following
extract from a letter I received from him :

—
" Tous les temples ptoiemaiques et la plus grande partie des temples

pharaoniques sont des reconstructions. Ce que vous avez observe de
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Here, however, it is necessary to proceed with caution,

for the last word may not yet have been said when we

accept 7 Draconis.
I have elsewhere pointed out that it is not impossible

that a temple once oriented to a certain star, and long out

of use on account of the precessional movement, may be

utilized for another, and be rehabilitated in consequence,
when that same movement brings another conspicuous
star into the proper rising amplitude.

In the present case, the orientation fits y Draconis in

the historic period, but it also fits a Lyrse in the times of

the Hor-schesu, the dimly seen followers of Horus, or

sun-worshippers, before the dawn of the historic period.
If we assume that the record is absolutely true (and I

for one believe in these old records more and more), and
that Cheops only described a shrine founded by the

Hor-schesu, then we are carried back to circ. 7000 B.C.

1 am indebted to my friend Dr. Wallis Budge, for the

suggestion that the position of Denderah on the highway
from the Red Sea—which may soon be reached by a

railway from Keneh to Kosseir !—would make it one of

the most important places in Ancient Egypt.
In any case the consideration has to be borne in mind

that the series of temples with high northern and southern

amplitudes at Denderah, Abydos, Thebes, Philoe, Edfu,
'

were nearly certainly founded before the time at which
the heliacal rising of Sirius, near the time of the summer

solstice, was the chief event of the year, watched by

priests, astronomers—if the astronomers were not the

only priests
—and agriculturalists alike. Now we know

from Biot's calculations that this first took place circ.

3285 B.C., and that Sirius—though, as I am informed by
Prof. Masp^ro, not its heliacal rising

—is referred to on

inscriptions in pyramid times. The Sirius temples at

Thebes, Philoe, and Denderah, are in all probability of

much later foundation than those to which I have re-

ferred, and that at Denderah seems from its orientation

to be the latest of all.^

I will, however, leave for a future occasion the question
of the original Hor-schesu shrine, and consider at present
an important relation between the chief temple at Den-
derah and one of the chief temples at Karnak. I am not

aware that the relation has been pointed out before.

The amplitude of the temple at Denderah, dedicated to

Hathor, is 73° N. of E. The amplitude of the temple
dedicated to Mut or Maut at Karnak is 71' N. of E.,

which, assuming the same star to have been used,

corresponds to a date (according to the height of the

horizon) of circ. 3000 to 3500 B.C. This is therefore later

than the Hathor temple of Denderah.

Now, we have it from Plutarch {Isis and Osiris, Parthey,

cap. 56) that Isis=Maut=Hathor= Methuer, and this is

sufficiently clear from the symbols of these goddesses,
without his authority.

It is fundamental for the orientation theory that the

cult shall follow the star. But we have here the same
cult. Hathor and Maut are merely /^^<a:/ names associated

with local totems. Isis is a generic name simply,

meaning an accompaniment of sun-rise, whether that

light be the dawn, or a heliacally rising star, or even the

moon. The generic symbol for Isis is the sun's disk and

horns, which I think may not impossibly be a poetic deve-

Dend^rah, est vrai d'Esn^h, d'Ombos, d'Assouan, de Philse, &c. Or, si les

premiers constructeurs d'un tample—ou chez nous d'une ^glise
—peuvent

choisir presque a leur gr^ remplacement et par suite I'orientation, la plus

convenable, il ei est bien rarement de meme des reconstritcteurs. Les
maisoiis accumul^es autour du temple les g^naient, d'ail eurs les habitudes
du culte et de la population 6taient prises . on rebatissait le temple—
c jmme d'ordinaire chez nous on rebatit I'^glise

—sur la mene orientation et

sur les memes fondations. J'ai constat^ le fait a Kom-Ombo, ou les debris

du temple d6cor6 par Amenh >tpou I. et Thoutmosis III. sont oriem^s
exactement com ne ceux du temple ptol^miique actuel, bati siir les ruines

du pr6c6dent. Vous avez done le droit de dire, non seulement pour
Denderah, mais pour beaucoup d'autres temples, qu'ils ont 6td reconstruits

sur I'orientation du temple qu'ils remplagaient, quand meme cette orientation

ne r^pondait plus a la r6alit6 des choses.
'

'
I have not yet reduced mv own observations of this temple, but Nissen

refers to previous measures, Rheinisches Miisenin fiir Philologie, 1885, p. 44.

lopment of the sign for sunrise. The local totem of the

special warning star in use at any time or place may be

anything : hippopotamus, crocodile, hawk, vulture, lion, or

even some other common living thing into which the

totem degraded when the supply of the original fell

short.-' Hence, as the number of warning stars was

certainly very restricted, they, or rather the goddesses
which typified them, had different names in almost every
nome. Hence Egyptian mythology should be, as it is in

fact, full of synonyms ;
each local name being liable to

be brought into prominence at some time or another

owing to adventitious circumstances, relating either to

dynasties or the popularity of some particular shrine.

Let us concede, then, that we had the same cult. Now
about the star. For Denderah we have already found

y Draconis. What about Thebes .? As I have elsewhere

pointed out, the temple at Karnak, the date of the build-

ing of which is the most certain, undoubtedly pointed to

y Draconis." Its amplitude is 62" N. of E. This was in

1200 B.C. Nor is this all
;
as I have also shown, it forms

the second of a series with the following amplitudes :
—

61°
62°

68°

71° J

N. ofE.

Now the last in this series, directed on this view to

y Draconis at Karnak, is precisely the temple of Maut !

So that here we have a very concrete case of the cult

following the star, not only in the same place, but at

different places, and we are driven to the conclusion that

Hathor at Denderah and Maut at Thebes, exoterically
different goddesses, were esoterically the same star y
Draconis.

Although it carries us still further into the region of

mythology, there is more evidence to be gathered from a

consideration of the old constellations. 1 do not think it

saying too much to remark that among these the atten-

tion of the early Egyptians was almost exclusively con-

fined to the circumpoiar ones. Further, the mean lati-

tude being, say, 25°, the circumpoiar region was a re-

stricted one, 50° in diameter, instead of over 100°, as

with us. But not quite exclusively, for to them then, as

to us now, the Great Bear and Orion were the two most

prominent constellations in the heavens ;
for them, as for

us they typified the northern and southern regions of the

sky
There can be no question that the chief ancient con-

stellation in the north was the Great Bear, or, as it was
then pictured, the Thigh (Mes^et). After this came the

Hippopotamus. I had come to the conclusion that this

has been replaced on our maps by part of Draco before

I found that Brugsch and Parthey were of the same

opinion.
The female hippopotamus typified Taurt, the wife of

Set (represented by a jackal with erected tail, or hippo-

potamus), and one of the most ordinary forms of Hathor

presents us with the horns and disk surmounting a hippo-

potamus. There is evidence that the star we are con-

sidering, y Draconis, occupied the place of the head or

the mythical headgear.
So far, then, mythology is with me

;
but there is a diffi-

culty. According to the theory the cult must follow the

star : this must be held to as far as possible. But

suppose the precessional movement causes the initial

function of a star to become inoperative, must not the

cult—which, as we assume, had chiefly to do with the

heralding of sunrise at one time of the year or other—
change .'' And if the same cult is conducted in connec-
tion with another star, will not the old name probably be
retained ?

There is another temple of Hathor at Thebes—the

' Have we such instances of degradation in the cat replacing the lion and
the black pig the hippopotamus, to give two instances ':

-
I refer to the Temple M of Lepsius, built by Ramses III.
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temple of Der el-Bahari, founded or embellished by Oueen
Hatshepset {circ. 1600 B.C.)- This temple, instead of being
oriented 73° N. of E., lies 26° S. of E., it can never, there-

fore, have faced the star observed at Denderah.

Now, are there any possible explanations ? Two have

suggested themselves to me.
At Denderah the image of the goddess was taken on a

certain day in the year on to the terrace, so that the light
of the sun—her father Ra—might fall upon her.

Building a temple so that the sunlight might enter it

once or twice a year (which could not happen in the

Denderah temple in consequence of its northern outlook)
would enable the aforesaid operation to be performed in

the sanctuary itself. The Thebes temple on this hypo-
thesis assured this—and at the winter solstice.

The next explanation I submit to Egyptologists with
much fear and trembling. It is, briefly, that about

3200 B.C. observations of the star Sirius replaced, or

were added to, those made of y Draconis. Mythologically
a new Isis would be born.

I base this suggestion on the following considera-

tions:—
(i) While the Denderah Hathor was represented by

the disk and horns on a hippopotamus ;
at Thebes, the

city of the
"
Bull

"
Amen, Hathor is represented by a

cow with a like headdress.

(2) Sirius, represented originally as a goddess with the

two feathers of Amen standing in a boat, is now changed
to a cow with the disk and horns.

(3) Hathor was the cow of the western hills of Thebes.
It is in these hills that the temple Der el-Bahari lies,

and this temple if oriented originally to Sirius would have
been founded about 3000 B.C., when Sirius would have
an amplitude of 26°.

Fig. 4.
—The cow Hathor appearing from the western hills of Thebes.

(4) A temple was built in later times at Denderah
oriented to Sirius, and Sirius with the cow's horns and
disk became the great goddess there, and when her

supremacy all over Egypt became undoubted, her birth-

place was declared—at Denderah—to have been Den-
derah. ^

(5) In the month list at the Ramesseum the first

month is dedicated to Sirius, the third to Hathor.
This is not, however, a final argument, because local

cults may have been in question.

(6) Set seems to have been a generic name applied to

the northern ( .-' circumpolar) constellations, perhaps be-

cause j^/=r darkness, and these stars, being always visible

in the night, may have in time typified it. Taurt, the

hippopotamus, was the wife of Set. The Thigh was the

I Brugsch thus translates one of the inscriptions :
—" Horus in weiblicher

Gestalt ist die P'iirstin. die Miichtige, die Tnronfolgerin und Tochter eines

Thronfolger. Ein fliegender Kafer wird (sie ?) geboren am Himmel in der

uranfanglichen Stadt (Denderah) zur Zeit der Nacht des Kindes in seiner

Wiege. Esstrahltdie Sonne am Himmel in der Diimmerung, wann ihre

Geburt voUbracht wird."— Brugsch,
"'
Astron. Inscription.," p. 97.

thigh of Set, &c. y Draconis was associated therefore
with Set, and the symbolism for Set-Hathor was the

hippopotamus with horns and disk. Now, if, as is sug-
gested, Sirius replaced y Draconis, and the cow replaced
the hippopotamus, the cult of Set might be expected to
have declined ; and as a matter of fact the decline of the

worship of Set, which was generally paramount under
the earlier dynasties, and even the obliteration of the
emblems on the monuments, are among the best-marked
cases of the kind found in the inscriptions.^

(7) The Isis temples of Denderah were certainly
oriented to Sirius

;
the Hathor temple was as certainly

not so oriented. And yet, in the restorations in later

times (say Thotmes III.—Ptolemies), the cult has been
made Sirian, and the references are to the star which
rises at the rising of the Nile.

I do not see why the Egyptians should have hesitated
to continue the same cult under a different star when
they apparently quite naturally changed Orion from a
form of Osiris (Sah-Osiris) and a mummy (as he was re-

presented when the light of his stars was quenched at

dawn at the rising of Sirius) to that of Sah-Horus (when
in later times the constellation itself rose heliacally).

J. Norman Lockyek.

SUPERHEATED STEAM.

I
HAVE noticed a curious misapprehension, even on
the part of high authorities, with respect to the

application of Carnot's law to an engine in which the

steam is superheated after leaving the boiler. Thus, in

his generally excellent work on the steam-engine,-^ Prof.

Cotterill, after explaining that in the ordinary engine the

superior temperature is that of the boiler, and the inferior

temperature that of the condenser, proceeds (p. 141) :

" When a superheater is used, the superior temperature
will of course be that of the superheater, which will not

then correspond to the boiler pressure."
This statement appears to me to involve two errors,

one of great importance. When the question is raised,
it must surely be evident that, in consideration of the high
latent heat of water, by far the greater part of the heat is

received at the temperature of the boiler, and not at that

of the superheater, and that, of the relatively small part
received in the latter stage, the effective temperature is

not that of the superheater, but rather the mean between
this temperature and that of the boiler. An estimate of

the possible efficiency founded upon the temperature of

the superheater is thus immensely too favourable. Super-
heating does not seem to meet with much favour in prac-
tice ;

and I suppose that the advantages which might
attend its judicious use would be connected rather with
the prevention of cylinder condensation than with an
extension of the range of temperature contemplated in

Carnot's rule.

If we wish effectively to raise the superior limit of

temperature in a vapour-engine, we must make the boiler

hotter. In a steam-engine this means pressures that

would soon become excessive. The only escape lies in

the substitution for water of another and less volatile fluid.

But, of liquids capable of distillation without change, it is

not easy to find one suitable for the purpose. There is,

however, another direction in which we may look. The
volatility of water may be restrained by the addition of

saline matters, such as chloride of calcium or acetate of

soda. In this way the boiling temperature may be
raised without encountering excessive pressures, and
the possible efficiency, according to Carnot, may be
increased.

The complete elaboration of this method would in-

volve the condensation of the steam at a high tempera-
'
Rawlinson, vol. i., p. 317 ; vol. ii., p. 347

^
tsecond edition (Spon : London, iRgo).

•t seq.
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ture by reunion with the desiccating agent, and the

communication of the heat evolved to pure water boihng
at nearly the same temperature, but at a much higher

pressure. But it is possible that, even without a duplica-
tion of this kind, advantage might arise from the use of

a restraining agent. The steam, superheated in a regular

manner, would be less liable to premature condensation

in the cylinder, and the possibility of obtaining a good
vacuum at a higher temperature than usual might be of

service where the supply of water is short, or where it is

desired to effect the condensation by air.

Rayleigh.

TWO AFRICAN EXPLORERS.

WE regret to have to record the death of two of the

best-known African explorers
—Colonel J. A.

Grant and Dr. Wilhelm Junker ;
the latter comparatively

a young man, and the former by no means old. They
belonged to two distinct types of African explorers :

Grant was the true pioneer, who went out to force his way
through an unknown region ; Junker was the scientific

student, content to spend years in one limited region in

order to work out its geography, natural history, and

ethnology.
The announcement of the death of Colonel James

Grant, Speke's companion in the expedition for the

discovery of the source of the Nile, has been received
with widespread regret. The stalwart figure and

genial, good-natured, boyish face of Colonel Grant has
been familiar in London society and in geographical
and scientific circles for more than twenty years. In

African exploration and in the younger generation of

African explorers he took a keen interest to the last. He
was a man of chivalrous loyalty to his friends. Speke's
memory he almost worshipped, and it need scarcely be
said that his feelings to Burton were of a very different

stamp. Mr. Stanley had no more staunch supporter than
Colonel Grant. Born in the parish manse of Nairn, in

Scotland, in 1827, he was educated, like so many other

Scots that have distinguished themselves in the service

of the country, at the Grammar School of Aberdeen, and
at Marischal College. Attheageof nineteen he obtained
a commission in the East India Company's service, and
between that and the end of the Mutiny saw much active

service, and won honours for bravery and devotion to

duty. It is, however, as an African explorer that he
claims notice in these pages. It will be remembered that
in 1857 the only great lakes, of which we knew any-
thing, in the map of Africa were Chad and Nyassa,
the latter then quite recently plotted for certain by
Livingstone. But rumours of other lakes had been

filtering down to the coast for years. In 1857, Burton
and Speke started from Zanzibar in search of "

the
Great Lake," as it was vaguely called ; and, after a

painful march of eight months, found Tanganyika, the
first discovered of those great sheets of water which
form so marked a feature of the centre of the continent.
On the return journey, Speke took a run north, to find

another great lake said to exist in that direction. He
reached the southern shore of Lake Ukerewe, which has
since become so well known as Victoria Nyanza. Though
Speke only caught a glimpse of the southern waters of
the lake, and had no adequate idea of its amplitude, he

conjectured rightly that it must be the source of the
Nile. Into the unhappy quarrel of Speke and Burton
it is unnecessary to enter. But Speke, and not

Burton, was selected by the Royal Geographical So-

ciety, in i860, to lead an Expedition to the lake
for the purpose of confirming his conjecture. This

Expedition Government subsidized to the amount of

;ir25oo. Captain Grant, as he was then, was chosen to

accompany Speke. The latter was, no doubt, the leader
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of the Expedition ;
but Grant, though he suffered much,

and had to be carried a great part of the way, did much
to render the expedition of scientific value. The un-

known countries to the west and north-west of Victoria

Nyanza were explored, though the contour of the lake

was very inadequately laid down. Uganda was reached in

i862,and in July of that yearthe Nile was seen issuing full-

born from the lake, and dancing its way north-west over

Ripon falls. The two travellers followed the river for 120

miles, but were compelled to quit it, and so missed the

discovery of its connection with the Albert Nyanza. They
came upon it again 70 miles further down, and reached
Gondokoro in February : 863, where they were met and
succoured by Samuel Baker.
As might have been expected, the discoverers of the

Nile sources received a great ovation on their arrival in

England. Grant, like Speke, received the gold medal of

the Royal Geographical Society, and was made a C.B.

In 1864, under the title of
" A Walk across Alrica," he

published a narrative of the expedition. In 1872 he

published
" A Summary of the Speke and Grant Expedi-

tion" in the Journal of the Royal Geographical Society.
Colonel Grant was a careful observer, and his

" Walk
across Africa" abounds in interesting facts and sug-

gestions on country and people, especially on the

latter.

It was he who did the greater part of the scientific

work on the Nile Expedition, and among other things he
made a considerable collection of dried plants now in

the Kew Herbarium. A rough list of these formed an

appendix to Speke's
"
Journal of the Discovery of the

Source of the Nile "
; and most of the illustrations of this

work were from drawings made by Grant. The publica-
tion of the first volume of Prof. D. Oliver's "Flora of

Tropical Africa
"

fired Grant with the desire to have a

special volume prepared on the flora and fauna of the

Expedition. The result was that the whole of the

twenty-ninth volume of the Transactions of the Linnean

Society was devoted to the flora, and it is one of the most

interesting of the series. The purely botanical part was
contributed by Prof. Oliver and Mr. J. G. Baker ;

and. the

136 plates (prepared at Colonel Grant's expense) illustrat-

ing the new or otherwise specially interesting plants, are

some of the best work of the late W. H. Fitch.

In 1 87 1 Grant was elected a Fellow of the Linnean

Society, and in 1873 of the Royal Society ;
and many

other distinctions were conferred upon him, including
a Companionship of the Star of India for his military
services in India and Abyssinia.

Dr. Johann Wilhelm Junker was a different type of ex-

plorer. He was born in Moscow, of German parents, on

April 6, 1840. He spent his boyhood in Gottingen, attended
the German Gymnasium at St. Petersburg, and studied

medicine at Gottingen, Berlin, and Prague. After a visit

to Iceland, Junker went to Tunis in 1874, and to Egypt
in 1875. In that year he began those explorations which,
with one or two interruptions, he carried on continuously
for twelve years. He visited Lake Mareotis, the Natron

Lakes, and the Fayum. In i876hewentfromSuakin, through
the Khor Baraka, to Kassala and Khartum ;

he explored
the lower Sobat, and made successive journeys among the

western tributaries of the Nile. In 1876 he proceeded as

far westwards as Makaraka, and in 1877 crossed the

Tangi River and visited the Wau, thus overlapping the

route of Schweinfurth (1869-70). Indeed, Junker, during
his many years' journeying, did a great deal to supple-
ment the work of his distinguished predecessor. After a
brief visit to Europe (1878), Junker was back in Africa
in 1879, this time accompanied by a photographer (Bohn-
dorff), who also lent a helping hand in preparing the

numerous natural history collections. He accompanied
several of the expeditions sent out by the Egyptian
authorities from Khartum. But Junker often wandered
almost alone, with very few native companions, and as a
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rule he was everywhere well received. To him we are

indebted for much of our information on the Monbuttus
and their country, the A-Sandeh and the various other

tribes that inhabit the wide region watered by the Western
Nile tributaries and some of the northern feeders of the

Congo. Indeed, much of Junker's work lay in that ex-

tremely interesting country which forms the water-parting
between the basin of the Nile and the Congo, and his

hydrographical observations form some of the most im-

portant results of his many years' travels. To him may
be said to be due the first steps in the solution of what
was long known as the Welle problem. The Well^,
which Schweinfurth came upon near its sources, was,
even up to 1886, conjectured by many to be the upper
course of the Share, which runs into Lake Chad. Junker
struck the river at various places, one as far west as

12' 40' E.
;
but it was not until Grenfell and Van G^le

followed the Mobangi up from the Congo that the Well6
was proved to be one of the chief northern feeders of the

Congo. But this is only one of many services rendered

by Junker to the scientific geography of Africa. His in-

vestigations into the ethnology of the whole of this in-

tensely interesting region are of the first importance, and
his collections both in ethnology and in natural history
now form some of the most prominent exhibits in the

great Museum of St. Petersburg. Junker was an admir-
able specimen of the scientific explorer, and his twelve

years' researches in the Soudan entitle him to be classed

with Schweinfurth and Nachtigal, Wallace and Bates.

Junker was in the heart of the Soudan when the Mahdist
revolt reached a crisis. He had the greatest difficulty in

escaping, and it was only after long detention that he
reached Europe via Lake Victoria, Zanzibar, and Egypt.
He made many friends in London when he came here to

receive the gold medal of the Royal Geographical Society,
which he well deserved.

NOTES.
Mrs. Adams wishes us to say that she would be very grateful

if former friends and scientific correspondenis of the late Prof.

J. C. Adams would be so kind as to send to her care any of his

letters still in their possession. Their doing so would much assist

in the preparation of a memoir. All letters so intrusted will be

carefully returned.

The Electrical Committee of the Royal Commission for the

Chicago Exhibition are anxious that the electrical department of

the Exhibition should contain a good representation from this

country. They have accordingly issued a circular letter on the

subject, and it may be hoped that this will receive the careful

attention of all who are in a position to facilitate the Com-
mittee's arrangements. The Committee especially desire that

the Exhibition may display the very large share which English

electricians have had in the development of electrical science

and its practical applications. It is hoped that the fine collection

of historical apparatus in the possession of the Post Office may
be shown, and this will be supplemented by contributions which

will be sought from many other sources. Although practical

electric lighting has made greater progress in America than in

this country, the Committee think there is much that England
can show electricians on the other side of the Atlantic ;

and

firms who devote special attention to the domestic uses of elec-

tricity and its artistic application are reminded that it may be to

their interest to send to the Exhibition good specimens of their

work. There will also be excellent opportunities for the

manufacturers of electric railway signals, and for electro-

metallurgists.

On January I, no fewer than 2082 applications for space at

the Chicago Exhibition had been received from intending

exhibitors in the United States alone. The number at the

Philadelphia Centennial on the corresponding date was 864.
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Many applications have come from foreign countries, and it is

expected that the exhibitors will be more numerous than at any

previous "World's Fair." The allotment of space is to be

made about June. The reception of exhibits will begin on
November i next, and continue until April 10, 1893.

We regret to have to record the death of Mr. H. W. Ba^es,
F.R. S. He was sixty-seven years of age. Of his well-known

book,
" The Naturalist on the River Amazons," Darwin said

that it was "the best work of natural history travels ever

published in England." His "Contributions to an Insect

Fauna of the Amazons Valley," printed in the Transactions of

the Linnean Society, were described by the same high authority
as "one of the most remarkable and admirable papers he had
ever read in his life." Mr. Bates is widely known as the dis-

coverer of the principle of mimicry in the animal world. For

twenty-seven years he was the acting secretary of the Royal

Geographical Society.

We have received an intimation of the death of Dr. Pieter

Willem Korthals, at the advanced age of eighty four years.

He was for many years in the Dutch East Indian Service, and

published a considerable number of papers on the botany of

Sumatra, Borneo, and Java, the most noteworthy of which form

a folio volume entitled
"
Verhandelingen over de Natuurlijke

Geschiedenis der Nederlandsche overzeesche Bezittingen,"

edited by C. J. Temminck, 1839-42. This work contains

seventy coloured plates of excellent execution. Dr. Korthals's

first botanical paper appeared in 1830, and dealt with the genus

Nepenthes ; and his last, so far as we are aware, appeared in

1854. He was a Knight of the Dutch Order of the Lion.

The Council of the Royal Society of Edinburgh have

awarded the Keith Prize for 1889-91 to Mr. R. T. Omond,
for his contributions to meteorological science ; and the Mak-

dougall-Brisbane Prize for 1888-90 to Dr. Ludwig Becker, for

his paper on "The Solar Spectrum at Medium and Low Alti-

tudes."

The Grand Gold Medal of the Paris Geographical Society has

been awarded to M. Reclus. A gold medal has also been

awarded to the Prince of Monaco for his researches on marine

currents.

Sir John Coode, Past-President of the Institation of Civil

Engineers, was last Friday elected by the Committee of the

Athenaeum Club a member, under Rule II., which provides for

the annual introduction of a certain number of persons of dis-

tinguished eminence in science, literature, or the arts, or for

public services.

The third Congress on anthropology in relation to crime

will be held at Brussels from August 23 to September 3 next.

On Monday Lord Cowper called attention in the House of

Lords to the subject of technical instruction, and to
" the diffi-

culties in which County Councils were placed by not knowing
whether or not they could rely upon a permanent annual Govern-

ment grant for its promotion." Lord Cranbrook, in the course

of his reply, said he did not believe any Government would

repeal the Act in accordance with which the Councils had

received the money which was being devoted to technical

education. So far as the present Government were concerned,

they had not the smallest intention of repealing the Act or of

taking the money for any other purpose.

At a Conference on technical education, held in Edinburgh

on October 29, 1891, a general committee was appointed to

consider the subject. This general committee in turn appointed

a sub-committee to report on the amendments necessary in the

laws relating to technical education in Scotland. The report of

the sub-committee has now been issued ;
and appended to it is

an official statement to the effect that the general committee.
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while approving of the suggestions made in the report, is of

opinion that the Government ought to take an early opportunity

of dealing wilh the question of technical and secondary educa-

tion in a comprehensive measure, and that, for the efficient

supervision of technical education, wider administration areas

than the parish are required.

The ceremonies in connection wiih the tercentenary celebration

of Trinity College, Dublin, will begin on the morning of July 5,

and conclude on the evening of July 8 next. Invitations were

sent to most of the Universities and learned Societies in

Europe, America, and the colonies, during last term ;
and

replies have been received from many sending representatives,

including Aberdeen, Athens, Bern, Cambridge, Christiania,

Edinburgh, Erlangen, Giessen, Heidelberg, Johns Hopkins,

Lausanne, Leyden, Madras, Naples, Smithsonian Institute,

Sydney, Toronto, &c., and acceptances are daily arriving, A
large number of acceptances have also been received to the

numerous personal invitations. Among the men of science

who intend to be present are Sir F. Bramwell, Geo. Darwin,
Thi^elion Dyer, J. Evans, D. Ferrier, M. Foster, Sir A.

Geikie, H. Hertz, J. W. Judd, Ray Lankester, Sir J, Lister,

Sir J. Lubbock, Baron Nordenskiold, Sir J. Paget, Lord

Rayleigh, Sir G. Stokes, and Sir W. Turner. While the

programme of the celebration has not yet been finally approved

of, it will probably include the following:
—On the Tuesday

morning there will be a reception by the Provost of Trinity

College of all the invited guests ; then a short full choral

service in St. Patrick's Cathedral
;

in the afternoon a garden

party ;
and in the evening a civic ball. On Wednesday morning

there will be the presentation of addresses of con<^ratulation

from the various Universities, and in the evening a grand

banquet, at which it is expected that over five hundred guests

or members of the University will be present. On Thursday

morning there will be a special Commencements for the con-

ferring of a number of honorary degrees ; after which there will

be an adjournment from the Senate House to the College Park

to witness the College races, held under the auspices of the

College Athletic Club ;
in the evening there will be a special

amateur dramatic performance. On the Friday morning there

will be a gathering of the students to hear short addresses

from some of the distinguished visitors
;
in the afternoon, a

concert given by the members of the University Choral Society ;

and in the evening, the students' ball. Numerous committees

are daily engaged working out the multifarious details. One of

these has been charged with the superintendence of the publica-
tion of an illustrated volume, which is to give the past and pre-
sent history of the College, the publication of which volume has

been undertaken by the firm of Messrs. Marcus Ward and Co.

On April i, 1841, Sir William Hooker began his duties as

Director of Kew. In the year 1891, therefore, the establish-

ment might have celebrated its jubilee as a national institution,

and it seemed to Mr. Thiselton Dyer that he might fitly mark
the occasion by giving in the Kew Bulletin some account of the

origin and development of the Royal Gardens as a place of

botanical study. This intention he has now partly carried out,

the December number of the Bulletin—which has just been

issued—being entirely devoted to the subject. The narrative is

one of great interest, and has evidently cost the author much
hard work, as scarcely any authentic records exist of the

period before 1840, when the Gardens were a purely private

possession of the Crown. He has thus had "
to fall back on local

traditions, on local histories, the statements in which are often

confusing and inaccurate, and on such scattered notices as could

be gathered from contemporary literature." In the present instal-

ment, the story is brought down to the year 1841. The history
of the last half-century will be given in another number.
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In pursuance of his botanical expedition to Persia, Herr J,

Bornmiiller arrived at Batoum on December 24. Thence he

intended proceeding to Teheran by w ay of Tiflis and Baku,

and then, as rapidly as possible, to the south of Persia. The

expedition is intended to extend over two years, and Herr Born-

miiller does not intend to collect more than from fifteen to

twenty sets of the plants obtained. Orders for sets should be

sent to Herr R. Huter, Sterzing, Tirol.

Mr. James Britten and Mr. G. S. Boui.ger intend to

issue (to subscribers) in June next, their
"

Biographical Index

of British and Irish Botanists," reprinted, with additions and

corrections, from the /oumal of Botany, and brought down to

the end of 1891. As the promises of support at present re-

ceived will not cover expenses, they will be glad to receive the

names of additional subscribers, addressed to the care of the

publishers of the Journal of Botany.

According to a telegram from New York, one of the finest

displays of the aurora borealis ever known in that latitude was

observed on the evening of February 13. The phenomenon
ftrelcbed over a great belt of territory from Iowa to the At-

lantic. A peculiar effect was produced on the telegraph system,

and for intervals of three or four minutes at a time the wires

were so surcharged wiih atmospheric electricity that between

New York and Albany it was possible to send messages without

the aid of the regular batteries. The current, however, was

intermittent, and the effect unsatisfactory. For nearly two hours

ordinary business could not be transacted with any degree of

exactness. The aurora seemed to occupy the whole of the

northern heavens, and was beautifully marked, the colouring

being clear and distinct. People at first feared that a great fire

was raging.

Dr. a. WoEiKOK, of St. Petersburg, who is engaged on an

investigation into the cause of the famine in Russia, writes to the

Meteorologische Zeilschrift that it is chiefly due to drought

from August to October 1890, which injured the winter crops ;

to partial and insufficient snow, which melted early in the

spring, ami was followed by frost in April ;
and lastly to droughts

and hot winds from May to July 1891. In the southern portion

of the Government of Samara the prospects up to June 10 were

excellent, but the harvest was destroyed by two days of hot

winds, on June 14 and 15. And in the southern central

provinces also, where the winter crops had greatly suffered, a

moderate harvest was hoped for after the middle of July, but

four hot days, from July 13 to 16, quite destroyed the crops.

The Journal of the Scottish Meteorological Society (third

series. No. 8) contains a very interesting paper on silver thaw at

Ben Nevis Observatory, by R. C. Mossman. The phenomenon
is somewhat common at that Observatory, and occurs during an

inversion of the ordinary temperature conditions, the tempera-

ture being considerably lower at the surface than at higher

altitudes, causing the rain to congeal as it falls. In the six

years 1885-90, 198 cases of silver thaw were observed, with a

mean duration of 4^ hours in each case, and they nearly all

occurred between November and March, during times of perfectly

developed cyclones and anticyclones. An examination of the

weather charts of the Meteorological Office showed that for the

198 days on which the phenomenon was observed, the distribu-

tion of pressure was cyclonic on 137 days, and anticyclonic on

61 days. In anticyclonic conditions there was a cyclonic

area central off the north-west coast of Norway, while the

centre of the anticyclone was over the south of the British

Isles. In cyclonic cases, an anticyclone lay to the south,

over the Iberian Peninsula. The lowest temperature at

which the phenomenon took place was 18°, and was rarely

below 27°. Fully. 90 per cent, of the cases occurred when

the thermometer was between 28" and 3i°'9, so that the
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greater number of cases occurred just before a thaw. The most

common type of cloud which preceded both cyclonic and anti-

cyclonic cases of silver thaw was cirro-cumulus, frequently

accompanied by cirrus and cirro-stratus ; and the changes showed

that the higher strata of the atmosphere came first under the

influence of the moist current, which took from three to eight

hours to descend to the height at which cumulo-stratus forms.

An examination of a series of storm charts prepared by Dr.

Buchan disclosed the somewhat remarkable fact that 73 per

cent, of the cyclonic, and 63 per cent, of the anticyclonic cases

of silver thaw on Ben Nevis were followed or preceded by gales

on our northern and north-western coasts ;
and it would appear

from the wind conditions that the barometric gradient at the

height of Ben Nevis (4407 feet) must be totally different from

what obtained at sea-level daring the occurrence of silver thaw

on the hill-top. Many of our readers will remember the re-

markable case of silver thaw which occurred in London last

Christmas Day.

There has been much talk in Germany about Dr. Peters's

discovery of saltpetre in the Kilima Njaro district. This dis-

covery accords with statements which were already well known.

Dr. Fischer, after an examination of the Donjongai volcano,

reported that in the neighbourhood of the crater there were a

series of curiously shaped veins of a white substance which he

took to be either saltpetre or soda. In 1879, Herr Jarler

asserted that large quantities of sulphur would probably be

found in the crater. The Berlin correspondent of the Times, by

whom these facts are noted, adds that not far from the volcano

there lie great swamps from which soda is obtained. It is ex-

pected that an expedition for the exploration of the district will

soon be sent out by the German East Africa Company.

Prof. A. Giard calls the attention of naturalists to a new

case of mimicry between two very different insects (the one

Hymenopterous, the other Dipterous)
—Athalia anmdata and

Beris vallata. When both insects are quiet, the resemblance of

colour and patterns is perfect, and as the Athalia, like most

Tenthredinse, is protected against birds and other foes by its un-

pleasant smell, it is probable that the resemblance is of con-

siderable service to Beris. M. Giard also refers to the larva of

Allantus tricinctus which is commonly found on the leaves of

plants, vividly coloured, and quite conspicuous, but resembling

in form and colour birds' droppings, as is the case with a spider

described by H. O. Forbes,

The number of persons who approve of cremation seems to

be steadily increasing. From the Report of the Cremation

Society of England for 1891, we learn that in 1885, the first

year the crematorium at Woking was used, only three bodies

were sent there ; in 1886 the number was 10 ;
in 1887, 13 ;

in 1888, 28; in 1889, 46 ;
in 1890, 54; and during the past

year, 99. Crematoria are being built in various parts of the

country. At Manchester a crematorium is in course of erection,

and will, it is thought, be completed and opened for use during
the coming spring. A company has also been formed, and is

making rapid progress, with the same object at Liverpool ; and
the City of London Commission of Sewers is taking steps
to obtain powers to erect a crematorium at their cemetery at

Ilford. The Cremation Society at Darlington, and other

associations, are moving in the same direction.

A SMALL axe of nephrite, found at Ohlau, in Silesia, and
now in the Roman-German Museum at Mainz, has lately been

carefully examined by Dr. O. Schoetensack, with a view to the

discovery of the source from which the material must have been

obtained. From a thorough determination of its specific

gravity, microscopic structure, and chemical composition. Dr.

Schoetensack concludes that the nephrite is exactly the same as
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a mineral which has been found by Dr. Traube near Jordansmiihl,
in Silesia. There is no reason, therefore, why the axe should

not be pronounced to be of Silesian origin. This is the only

prehistoric object of nephrite, found in Europe, the source of

which has been definitely decided.

Probably few authorities responsible for the making and

maintenance of roads are aware that one of the things against

which they should be on their guard is the use of rotten flints

for macadamising purposes. Mr. C. Carus-Wilson has been

giving some attention to this subject at Bournemouth, and, in a

letter to a local journal, states the conclusions at which he has

arrived. He was led to consider the matter by the abnormal

quantity of slush on the surface of Poole Road. This he attri-

butes to the fact that the road has again and again been mended
with rotten flints, by which he means flints that have become

decomposed to such an extent that there is very little true flint

left. These flints are surrounded by a thick zone of soft white

material. This is rapidly removed from the flinty nucleus by
the grinding and pressure to which it is subjected ;

while the

true flinty nucleus, being thus denuded of its outer covering,
becomes too small to bear much crushing weight, so that it

quickly breaks up, and forms a fine flint sand. Mr. Carus-

Wilson has found by repeated microscopic analysis that the

Poole Road mud is formed principally of these two substances.

The Journal of the Society of Arts prints this week an

interesting lecture on burning oils for lighthouses and lightships,

by E. Price Edwards. It was delivered at a meeting of

the Society on February 10. After the lecture Sir Lyon Play-

fair, who was in the chair, said it was quite clear that mineral

oils must in time beat the vegetable oils, on account of their

chemical composition, the ingredients in the latter not being all

combustible, but consisting of fatty acids and glycerine.

Mineral oils, on the other hand, were nearly of the same

composition as olefiant gas, the illuminating constituent of

coal gas, with the addition of a little more hydrogen. They
were therefore sure to win in the end

;
it was merely a question

of manufacturing them safely.

At the meeting of the Field Naturalists' Club of Victoria on

December 14 last, Mr. A. J. Campbell read a paper on a nest

and egg of a bird of paradise {Ftiloris victoria). Eastern

Australia possesses a genus (three species) of these beautiful

birds, but they are very seldom seen. The nest was found on

November 19, by Mr. Dudley Le Souef and Mr. PI. Barnard

during a visit to the North Barnard Islands, about forty miles off

the coast from Cardwell, Queensland. They watched the hen

bird for some time, and saw her fly into the crown of a Pan-

danus tree growing close to the open beach. Although they
could not distinguish the nest itself, they could see the head of

the bird as she sat on it. The nest was about 10 feet from the

ground, and the bird sat quietly, although they were camped
about 5 feet away from the tree. There was a single egg, the

incubation of which was probably about seven days old. The
nest was somewhat loosely constructed of broad dead leaves and

green branchlets of climbing plants and fibrous material. In-

side were two large concave-shaped dead leaves underneath

pieces of dry tendrils which formed a springy lining for the egg
or young to rest upon. The following is the measurement in

centimetres : over all, 19 broad by 9 deep ; egg cavity, 9 across

the mouth by 4 deep.

Dove's observation that when a tuning-fork of proper pitch is

held to each ear beats can be heard, where there is no possi-

bility of interference of the sound-waves in the air, is confirmed

by Dr. W. Scripture (Wundt's Philosophische Studieii), who
further gives experimental ground for rejecting the hypothesis

of transference of the sound through the bones of the head of
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the Eustachian tubes. Difference-tones, on the other hand,

seem to be only perceptible when the tones of both forks affect

the same ear. The same number of the Studien contains the

first instalment of an elaborate article by Dr. J. Merkel upon
the psychophysical error-methods.

If we may judge from the progress of the Photographic

Society of India, photography is rapidly becoming more

popular among Anglo-Indians. In January 1891, there were

277 members on the Society's books ; now there are over 310.

The Oesterreichische Botanische Zeitschrift for February con-

tains a very full account of the results of Porta and Rigo's visit

to Spain in 189 1, and of the species gathered by them on their

journey.

We have received Parts 10 and 11 of the " Illustrations of

the Flora ofJapan," published at Tokyo. The drawings con-

tinue excellent ; the diagnoses are unfortunately in Japanese.

Messrs. Dulau and Co. have issued a catalogue of botanical

works which they offer for sale. It contains the titles of about

3000 writings relating to geographical botany.

The "Electrical Trades Directory," issued by Mr. George
Tucker on behalf of the Electrician, has made its tenth annual

appearance ;
and no effort has been spared to bring it up to

date. The biographical division of the work contains sketches

of the careers of 260 men who are well known in the electrical

world. These sketches have all been revised by the subjects of

them. No fewer than 28 of these notices are accompanied by

portraits, among which is a portrait of Prof. Ayrton from a

specially engraved steel plate.

The Royal University of Ireland has issued its Calender for

the year 1892.

An experiment, illustrating the remarkable power possessed

by palladium of occluding hydrogen, is described by Prof. Wilm,
of St. Petersburg, in the current number of the Berichte of the

German Chemical Society. The experiment is so simple, and

requires so short a time to exhibit, that it would appear to be

eminently suitable for lecture demonstration. The metallic

palladium is employed in the finely divided state obtained by
heating the easily prepared yellow crystals of the compound
PdCl2 2NH3, first in the open air, and subsequently for a

short time in an atmosphere of hydrogen. A small quantity,
about four grams in weight, of the palladium so obtained is

placed in a bulb blown at the bend of a U-shaped tube. The

extremity of one limb of the U-tube is bent round at right angles,
and connected with a wash-bottle containingsulphuric acid, which

in its turn is connected with a Kipp's apparatus generating

hydrogen from zinc and dilute sulphuric acid. The wash-bottle

serves not only to dry the hydrogen, but also to indicate the

speed of the current of gas. The extremity of the other limb

of the U-tube is narrowed to a capillary, and terminates with a

tightly-fitting stopcock and jet. In commencing the experiment,
the hydrogen current is started, and then, first the metal, and
afterwards the whole U-tube, is carefully heated with a Bunsen

flame in order to remove the moisture formed by the action of

the hydrogen, under the influence of the palladium, upon the

oxygen of the air contained in the apparatus. When all

the air and moisture are thus driven out of the apparatus,
an attempt may be made to ignite the issuing hydrogen at

the jet above the open stopcock. It will be found, how-

ever, that even while the metal is hot and the stream

of hydrogen very rapid, a constantly burning flame can-

not be maintained at the jet with the stopcock fully open ;

instead, a series of somewhat explosive ignitions and sudden

extinctions occurs. It is only when the stopcock is turned so as

to reduce the exit of the gas to a minimum that a constantly
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burning jet can be obtained, the hydrogen in contact with the

palladium being then subjected to a certain amount of compres-
sion. The palladium is now heated a little more strongly, just

above bright redness, when it is no longer capable of occluding

hydrogen, and then the lamp is withdrawn, and after a few

seconds the stopcock closed. The occlusion is then demon-

strated in a most striking manner, for the stream of hydrogen
continues to bubble through the sulphuric acid bottle and into

the U-tube for several minutes with its original rapidity, al-

though all exit is prevented by the closing of the stopcock. At

length, however, the occlusion diminishes, and the stream of

hydrogen gradually becomes slower and slower, until it entirely

ceases, the palladium having regained the temperature of the

room, and become saturated with hydrogen at this temperature.
If now the stopcock is opened, and the metal again heated,

upon applying a flame to the jet, the issuing hydrogen evolved

from the jialladium takes fire, and burns with a tall flame which

remains constant for some minutes, then, as the hydrogen
stored in the palladium becomes exhausted, diminishes in size,

and finally disappears. The moment the flame is removed

occlusion instantly commences again, and the experiment may
be repeated any number of times with undiminished effect.

The additions to the Zoological Society's Gardens during the

past week include a Herring Gull (Larus argentatus), six

Common Gulls {Larus caiius), five Black-headed Gulls {Lams
ridil'undtcs), British, presented by Mr. T. A. Cotton, F.Z. S. ;

a

Roseate Cockatoo {Cacatua roseicapilla) from Australia, a Grey
Parrot {Psittacus erithacus) from West Africa, presented by
Mrs. Hennah ; a Red-winged Parrakeet {Aprosmictus erythro-

pterus) from Australia, presented by Lieut. -Colonel R. J. H.

Parker, R.E. ; a Cape Dove(6£«a capensis) from South Africa,

presented by the Rev. George Smith.

OUR ASTRONOMICAL COLUMN.
Photographic Magnitudes of Stars.—The Astronomer-

Royal communicated a paper
" On the Relation between Dia-

meter of Image, Duration of Exposure, and Brightness of

Objects in Photographs of Stars taken at the Royal sOb-

servatory, Greenwich," to the Royal Astronomical Society in

January. First, with regard to the relation between the diameter
of the image of a star on the photographic plate and the time

of exposure. Measures of a large number of stars have led to

the development of the following empirical formula for the

same star with different exposures
—

i^d — I '03 log t + const.,

where d = the diameter of a stellar image in seconds of arc,

and / the exposure in seconds of time, the magnitude, m, being

expressed on Pogson's scale. This relation represents the

observations through a range of eight magnitudes, with a mean

apparent error of less than one-twentieth of a magnitude. By
using the measures from which the above formula was deduced,
and photometric determinations of magnitude made at Bonn
and Oxford, data were obtained for determining whether there

was a constant relation between duration of exposure and

brightness of star photographed, whether, in fact, for equal
diameters of images

—
Exposure x brightness — const.

The relation found from the comparison was

o"4 X fu — o'97 log t + const.

This agrees very well with

0'4 X »i = leg t + const.,

in which 0*4 is the logarithm of the number expressing the

magnitude-ratio. By combining the two relations developed, it

follows that, for the same exposure
—

Magnitude of star = const. - 243 x vaiameter.

And finally the three formulae are expressed by the following :
—

m - 2'5(l0i; / - 097 ^'d) + con^t.,

connecting magnitude, diametci of image, and lime of exposure.
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The Zodiacal Light.— " The Zodiacal Light as related to

the Terrestrial Temperature Variations" is the subject of a

reprint from the American A/e(eoro/o^tcal yonnia/ for November

1891, recently received from Mr. O. T. Sherman. In it the

author endeavours to show that, when the temperature of the

whole earth is considered, "the principal cause of variation is

the difference in the sum of the local densities of the zodiacal

light-forming matter which lies between us and the sun."

Curves have been constructed to indicate five-yearly means of

temperature variation from 1790 to 1884, five-yearly means for

the zodiacal light, and the yearly auroral numbers for Europe
south of the polar circle ; but there are not sufficient data to

permit the deduction of any very definite conclusion from them.

rHEANCIENT TOMBS AND BURIAL MOUNDS
OFJAPAN.

A T a recent meeting of the China branch of the Royal Asiatic^
Society at Shanghai, Prof. Hitchcock, of the Smithsonian

Institute, read a paper on the ancient tombs and burial mounds
of Japan, in the course of which he said that, while the form and
structure of the Japanese mounds were now known, thanks to

the as yet unpublished researches of his companion in many
journeys in Japan, Mr.W. Gowland, their early origin was yet to

be traced. It was surmised that a few at least of the Japanese
burial customs were derived from China. In the course of his

own travels in the north of China he had failed to discover any
indications of the existence of mounds like those in Japan ; but

he still expected to hear of them from some experienced tra-

veller in the interior of that vast empire. Referring to the origin
of the tombs, the lecturer said the first Emperor, who lived in

the seventh century B.C., is supposed to be buried in Yamato,
and the tombs of his successors are pointed out by the Imperial
Household Department. The identity of the sepulchres may be

questioned, but it is a fact that we can distinguish consecutive

modifications of form apparently correspondmg to successive

periods of time.

Several distinct methods of interment have prevailed at

different periods in Japan. They may be conveniently distin-

guished as follows : (i) burial in artificial rock caves ; (2) in

simple earth mounds, with or without coffins
; (3) in rock

chambers, or dolmens ; (4) in double or Imperial mounds. The
lecturer then proceeded to illustrate the appearance of these

different kinds of mounds by the aid of photograph slides thrown
on to a screen. He showed that the double mounds were in-

variably protected by a wide and deep moat, sometimes by two,
and consisted of two distinct mounds with a depression between
them. One of these double mounds, near Sakai, according to

Japanese reckoning dates from about the fourth century. The

height is about 100 feet, and the circuit of the base 1526 yards.
The Emperor Kei Tai, who is reported to have lived in the sixth

century, was one of the last emperors known to have been buried

in a double mound. Some mounds have terraced sides, and this

form is said to date from about the seventh century. Large
quantities of clay cylinders were used for the purpose of preserv-

ing the terraces against the effects of the weather. When the

covering of earth is removed, it is found that the stone chamber

beneath, which contained the coffin, opens through passages
often 40 feet and sometimes 60 feet long. The earth has in

many cases been washed away from the mounds, exposing the

rocks which are piled over the central chamber. According to

a Japanese authority, in all the sepulchres the first order of per-

forming the burials was the piling up of the earthen mound, leav-

ing an underground tunnel leading from the outside to the very
centre of the mound. This mound completed, the coffin, usually
carved and made of stone, in which the corpse was placed, and

sealed, was then introduced through the tunnel and placed in the

centre of the mound, and the tunnel was then filled up with stones.

The lecturer, however, said the coffins were not always intro-

duced through the galleries, and the tunnels were certainly not

filled up with stones, although their ends were probably closed

with stones. He inferred from his own observations that the

chambers were frequently, if not usually, built round the coffins.

Stone and clay coffins had been found together in one cave,

showing them to have been contemporaneous.
After showing a number of photographs of the pottery dis-

covered in the mounds, he drew attention to a number of small

clay figures representing human beings. He said it was a very
ancient custom in Japan to bury the retainers of a prince stand-

ing upright around his grave. Like many other customs, this

also came from China. In the time of the Japanese Emperor
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Suinin (97-30 B.C.), his younger brother died, and they buried

all who had been in his immediate service around his tomb
alive.

" For many days they died not, but wept and cried

aloud. At last they died. Dogs and crows assembled and ate

them. The Emperor's compassion was aroused, and he desired

to change the custom. "When the Empress Hibatsuhime-no-
Mikoto died, the Mikado inquired of his officers, saying :

' We
know that the practice of following the dead is not good. What
shall be done ?

' Nomi-no-Sukune then said :

'

It is not good
to bury living men standing,, at the sepulchre of a prince, and
this cannot be handed down to posterity.' He then proposed
to make clay figures of men and horses, and to bury them as

substitutes. The Mikado was well pleased with the plan, and
ordered that henceforth the old custom should not be followed,
but that clay images should be set round the sepulchre instead."

Even as late as the year 646 an edict was published, forbidding
the burial of living persons, and also the burial of "

gold, silver

brocade, diaper, or any kind of variegated thing." From this

it might be inferred that the old custom of living burial was

kept up, to some extent, even to the seventh century. The
edict reads: "Let there be complete cessation of all such
ancient practices as strangling oneself to follow the dead, or

strangling others to make them follow the dead, or killing the
dead man's horse, or burying treasures in the tomb for the dead
man's sake, or cutting the hair, or stabbing the thigh, or wailing
for the dead man's sake." The figures of clay thus introduced
as substitutes for human sacrifices, and also to take the place of

horses, are known as tsuchi ningio. Specimens of them are

now very rare, and this fact leads to the supposition that the

figures were not buried, but left exposed on the surface of the

ground.
In the discussion which followed. Dr. Edkins pointed out the

resemblance which existed between the stone relics found in

Japan and China and in Europe, as indicating the existence of

communication between distant lands in those days. It was
also very interesting to note that, in the very earliest ages, men
had been possessed with the idea of a future life for the soul.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Cambridge.—E. W. Hobson, M.A., Fellow and Lecturer of
Christ's College, late Deputy Lowndean Professor, has been

approved for the degree of Doctor in Science.

A decision on the subject of appointing lecturers in agri-
cultural science will be taken by the Senate on February 25.
A meeting for the purpose of considering the propriety of

erecting in Westminster Abbey a memorial to Prof. Adams
has been summoned by the Master of St. John's, and will be
held in the Combination room of that College on Saturday,
February 20, at 3.30 p.m.

St. Andrews.—At a meeting on Saturday, the 13th inst., of
the Senatus Academicus of St. Andrews University, consisting
of the Principals and Professors of the United College and St.

Mary's College, St. Andrews, and University College, Dundee,
it was unanimously resolved to confer the honorary degree of
LL.D. upon Prof. Michael Foster, F.R.S., and Dr. Hugo
Midler, F. R. S. The conferring of the degrees will lake place
in April.

SOCIETIES AND ACADEMIES.
London.

Royal Society, January 28.— " On certain Ternary Alloys.
Part V. Determination of various Critical Curves, and their
Tie-lines and Limiting Points." By C. R. Alder Wright,
D.Sc, F. R. S., Lecturer on Chemistry and Physics in St.

Mary's Hospital Medical School,
The author describes a number of "critical curves

"
obtained

in accordance with the triangular system of representation
proposed by Sir G. G. Stokes, whereby the composition ofa given
ternary mixture is represented by the position of the centre of

gravity of three weights placed at the respective corners of
an equilateral triangle, and respectively in' the proportions of the
three components of the mixture. With certain pairs of metals,

e.g. lead and zinc, each will only dissolve the other to a limited
extent when molten, so that a mixture of the two separates into
two binary alloys, one containing chiefly lead with a little zinc,
the other mainly zinc with a little lead, the exact proportion
depending on the temperature of the mass. If a third metal,

e.g. tin, be added to the mixture, such that this third, or
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"solvent," metal will mix in all proportions with either of the
other "immiscible metals" separately, the ternary mixture

pro luced either forms a "real" terna'-y alloy, not separating
into two different mixtures on standing (molten), or else an
"ideal" alloy incapable of existing, and immediately separating
into two different ternary mixtures ; e.g. one chiefly containing
lead with some of the tin and a little zinc, the other mainly
consisting of zinc with the rest of the tin and a little lead. The
two points representing these two mixtures lie on opposite sides

of the point indicating the total mass of the three metals origin-

ally used, this third point lying somewhere on the straight
line connecting the other two "conjugate points," or "tie-
line." By employing a series of mixtures containing gradually
increasing proportions of the third "solvent" metal, two
branches of a curve are gradually traced out representing the

respective loci of the pairs of conjugate points ;
these two

branches of the "
critical curve

"
tend to meet at some point,

termed the "limiting point," where the tie-lines vanish.

A large number of experiments were made to determine the
conditions necessary to obtain the nearest possible approxima-
tions to the positions of truly conjugate pairs of points ; former

experiments having indicated that the compositions of the two

alloys formed might be influenced by the relative proportions of
the two immiscible metals, in such fashion that points slightly

varying in position along one branch might be obtained as

conjugates to a given point on the other branch under different

conditions. It was found that such variations entirely dis-

appeared with thorough admixtui'e, which is more readily
effected when the proportions used are such as to give rise to

approximately equal quantities of the two alloys than when
they are such that one alloy is formed to a much larger extent
than the other. Observations with non-metallic analogous
fluids (chloroform, water, glacial acetic acid) always gave
sharply concordant values, thorough intermixture (by shaking
vigorously in a stoppered bottle) being much more easy than
with metals melted in a crucible and simply stirred vigorously.

Plotting the curves with the heavier immiscible fluid (lead,

chloroform, bismuth) at the left hand corner of the base of the

triangle, the lighter one (zinc, water) at the right hand corner,
and the solvent fluid (tin, acetic acid) at the apex of the triangle,
it was found that the tie-lines with chloroform-water-acetic

acid, always sloped downwards to the left, the angle of slope
continually increasing. The right hand branch of the critical

curve rises to a maximum elevation, and then descends again to

the limiting point, whilst the left hand branch continually
ascends to that point. At the limiting point the chloroform
and water are in the proportions 2CHCI3, 5H0O ; the acetic
acid present being less the higher the temperature, i.e. the criti-

cal curve for a higher temperature lying i^iside that for a
lower one. At positions near the limiting point the mixture is

extremely sensitive to temperature-variation ; a few tenths of a

degree will often make all the difference as to whether a single
homogeneous fluid results (a "real" mixture), or two different

ones, the point indicating the mixture in the first case lying just
outside the critical curve, and in the second case inside it.

Analogous results were obtained with the metallic mixtures ;

with lead-zinc-tin mixtures, the lower ties slope to the left, the

upper ones to the right, the limiting points also lying on the

right and below the highest point of the critical curve ; at this

point the lead and zinc are nearly in the proportion PhZn^.
Two points, one in the left hand branch, the other in the right,
are indicated by the configurations of the tie-lines, corresponding
approximately with the definite atomic compounds SnPba and
SnZn4 (when aluminium is used instead of zinc, similar con-

figurations are developed, corresponding with SnPbj and SnAl4).
When silver is employed instead of tin, all the ties slope to the
left ; irregularities of outline (bulges) are noticed, caused by the
formation of definite atomic compounds, AgZn., and Ag4Zng :

these bulges are still more pronounced when bismuth is used
instead of lead (bismuth-zinc-silver curve). With both silver-lead-
zinc and silver-bismuth-zinc curves, the limiting points lie to the

lejt of and below the highest point of the critical curve
; with

both tin-lead-zinc and t;n- bismuth-zinc curves, to the right and
below the highest points.

In any given curve, substitution of bismuth for zinc depresses
the curve, so that the curve with lead uniformly lies outside that
with bismuth. The curve for a higher temperature always lies

inside that for a lower temperature, the effect of temperature-
variation being very much less marked at the lower parts of the

curve, than at points lying anywhere near the limiting point.
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February 4.
— " On the Thermal Conductivities of Crystals

and other Bad Conductors." By Charles H. Lees, M.Sc, tie
Owens College, Manchester,
The author commences by referring to Kundl's discovery, that

the metals stand in the same order as conductors and as to the

velocity of propagation of light through theui, and mentions that

his experiments were originally intended to furnish data for a
similar comparison for crystals, but that their object has been
extended.

After some preliminary experiments, he adopted the "divided
bar

"
method, which consists in placing a disk of the material

the conductivity of which is required, between the ends of two
bars of metal placed coaxially, heating one end of the combina-

tion, and observing, by means of thermo-junctions applied to the

bars, the distribution of temperature along them—first, with the

disk in position ; second, with the bars in contact without the

disk. When the conductivity of the bar is known, these

observations suffice to determine that of the disk.

The ends of the bars which came in contact with the disks

were amalgamated, as this was found to be the best method of

securing good contacts These bars were suspended horizontally
in a frame, and, by means of screws, set accurately in the required

position.
The conductivity of the bar was determined by the method

due to Forbes of determining the loss of heat from the surface by
allowing the bar to cool and observing the rate of change of

temperature, and then observing the steady distribution of

temperature along the bar when heated at one end.
The author finds it to be 0*27 C.G. S. unit, and to increase

slightly with temperature.
The disks used were of the same diameter as the bar, and

were of various thicknesses, in order to make the distribution

of temperature throughout the bars nearly the same in each
case.

The following are the results obtained. No relation of the

kind found by Kundt for metals seems to hold for the crystals

experimented on :
—

C.G.S. units.

Crown glass ... ... ... ... 00024
Flint glass ... ... ... ... ... 0'0020
Rock salt ... ... ... ... ... o'oi4

Quartz along axis ... ... ... ... 0"03o
,, perpendicular to axis J ... ... o'Oi6

Iceland spar along axis ... ... ... o'oio

,, ,, perpendicular to axis ... o'oo84
Mica perpendicular to cleavage ... ... 0'ooi6

White marble ... ... ... ... o'0O7i
Slate o'co47

Shellac o-ooo6o
Paraffin 000061
Pure rubber o 00038
Sulphur 0*00045
Ebonite ... ... ... ... ... 0*00040

Gutta-percha ... ... ... ... 000046

Paper
Asbestos paper

Mahogany ..

Walnut
Cork

Silk

Cotton
Flannel

0-00031
o "00057

0*00047
o 00036
o "00013

0"0002
o "0006

0"0002

Chemical Society, January 21.—Prof. W. A, Tilden
F. R. S., Vice-President, in the chair.—The following papers
were read :

—The estimation of oxygen dissolved in water, by
M. A Adams. The author describes an apparatus in which the

estimation of dissolved oxygen in water by Schiitzenberger's
method maybe carried on so as entirely to avoid loss of oxygen
by diffusion. The results obtained by this method are liable to

differ according to the rate at which the determinations are

effected, higher results being obtained when the operations are

quickly performed.
—The luminosity of coal-gas flames, by V. B.

Lewes. The author has quantitatively studied the actions which
occur in luminous gas flames, and also those which lead to loss

of luminosity in the flame of a Bunsen burner. He considers

that the most accurate method of dividing a luminous hydro-
carbon flame into zones, is to regard it as made up of three :

—
(i) The inner zone, in which the temperature rises from a
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comparatively low point at the mouth of the burner to about

1000° C. at the apex of the zone
;
in this portion of the

flame various decompositions and interactions occur, which

culminate in the conversion of the heavier hydrocarbons into

acetylene, carbon monoxide being also produced. (2) The
luminous zone, in which the temperature varies from 1000° to

a little over 1300°. The acetylene is here decomposed with

liberation of carbon, which imparts luminosity to the flame.

(3) The extreme outer zone, in which the combustion is practic-

ally complete. The various actions which tend to cause the

loss of luminosity in a Bunsen flame may be summarized as

follows:—(i) The chemical action of the atmospheric oxygen,
which causes loss of luminosity by burning up the hydrocarbons
before they, in their diluted condition, can afford acetylene.

(2) The diluting action of the atmospheric nitrogen, which, by

increasing the temperature necessary to bring about the partial

decomposition of the hydrocarbons present, prevents the forma-

tion of acetylene, and so causes non-luminosity. (3) The cool-

ing influence of the air introduced, which is able to add to the

general result, although the cooling is less than the increase

in temperature brought about by the oxidation due to the oxygen
in the air. (4) In a normal Bunsen flame the nitrogen and

oxygen are of about equal importance in bringing about non-

luminosity, but if the quantity of air be increased, oxidation

becomes the principal factor, and the nitrogen practically ceases

to exert any influence.—The origin of flame coloration, by A.

Smithells. This paper was reported in Nature of January 28,

(p. 306).
—Note on the action of dilute nitric acid on coal, by R.

J. Friswell. If bituminous coal be treated with 49 per cent,

nitric acid, a black substance is obtained which is almost com-

pletely soluble in sodium ^carbonate solution and behaves as a

nitro-acid ; on treating this substance further with nitric acid, a

brown acid is obtained which has not yet been examined.—A
pure fermentation of mannitol and dulcitol, by P. F. Frankland

and W. Frew. The authors have obtained an organism which sets

up a fermentative decomposition, not only of mannitol, but also

of dulcitol, a substance which has hitherto resisted fermenting
bacteria. The products of the activity of this organism are

essentially the same in the case of both sugars, consisting of

ethyl alcohol, acetic acid, succinic acid, carbon dioxide, hydrogen,
and varying quantities of formic acid. The decomposition

may be represented by two sets of changes, viz. (a) (Z^^^O^=
2C2HgO + CO. -t- C H2O2. and {b) QHiPg= C4H6O4 -1- C2H4O2 4-

2H2. It appears that two molecules of the sugar are resolved

in accordance with equation {a) for every one decomposed
according to {b). The organism is termed Bacillus ethaceto-

sticcinicus.— Synthesis of hexahydroterephthalic acid, by J. E.

Mackenzie and W. H. Perkin, Jun. The sparingly soluble

hexahydroterephthalic acid of Von Baeyer is obtained by
eliminating two molecules of carbon dioxide from hexamethylene-
tetracarboxylic acid.—The magnetic rotation of dissolved

salts, by W. Ostwald. The author considers that the values

obtained by Perkin for the magnetic rotatory power of the

ammonium salts of fatty acids in solution are in accord with the

electrolytic dissociation theory. This theory does not lead to

any numerical value or sign of the difference between the

observed and calculated values of the magnetic rotation of

electrolytes. In the case of haloid acids and salts the variation

is positive ;
in the case of the oxy-acids negative. It is, there-

fore, not surprising that molecules with nearly zero variations are

capable of existence.—The dissociation of nitrogen peroxide, by
W. Ostwald. Using the data given by Cundall, the author has

compared the extent to which nitrogen peroxide undergoes dis-

sociation when vaporized, with that which it suffers when
dissolved in chloroform. From the results he concludes that it

behaves in accordance with Van 't Hoff's generalization that

dissolved substances obey the same laws as gases. It appears,

however, that in the gaseous state dissociation is far more
advanced than in a chloroform solution.—Corydaline, by J. J.

Dobbie and A. Lauder. The authors have obtained corydaline
in colourless crystals melting at 134° 5. The results obtained

on analysis do not agree with Wicke's formula, C]8H,9N04, but

rather with C22H28NO4. Analyses of the hydriodide, platino-

chloride, and methiodide of the alkaloid also give numbers

agreeing with this formula.—Silver compounds of thiourea, by

J. E. Reynolds. The author has obained a series of crystalline

compounds of thiourea with silver nitrate, bromide, chloride,

iodide, and cyanide. These substances contain one, two, or

three molecules of thiourea to one of the silver salt, and readily

afford silver sulphide when heated a few degrees above their

melting-points.
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Zoological Society, February 2.—Mr. W. T. Blanford,
F. R. S., in the chair.—The Secretary read a report on the

additions that had been made to the Society's Menagerie during
the month of January 1892.

—Mr. W. Bateson, F.R.S., ex-

hibited some Crabs' claws bearing supernumerary prongs. It

was shown that these extra parts are really complementary
(right and left) pairs of indices or pollices, according to their

position of origin, and not repetitions of the two pincers of the

claw, as was commonly believed.—-Mr. Sclater made some
remarks on the breeding of the Ground-Pigeons {Geophapes) in

the Society's Gardens, and showed that the young of these

Pigeons, when first hatched, were not materially different in

point of development from those of the typical Pigeons, and
that there was consequently no ground for separating the

Geophapes from the order Columbse on this account, as it had
been recently proposed to do.—A letter was read from Prof.

R. Ramsay Wright, inclosing some photographs of the heaps
of skulls of the American Bison which are collected on the plains
of the Saskatchewan, and piled up at the sidings on the Canadian
Pacific Railway, awaiting transport, and which testify to the

enormous number of these animals recently exterminated.—Mr.
W. Bateson gave a summary of his recent observations on
numerical variation in teeth. The facts given related chiefly
to specimens of Quadrumana, Carnivora, Marsupials, and other

orders of Mammals in the British and other Museums. The
author pointed out that the ordinarily received view of homo-

logies between teeth is based on the hypothesis that the series is

composed of members each of which is either present or absent.

In the light of the facts of variation, this hypothesis was
shown to be untenable, and an attempt was made to arrive at a

more just conception of the nature of the homology of multiple

parts.
—Mr. R. Lydekker described part of an upper jaw of a

Sirenian Mammal from the Tertiaries of Northern Italy, con-

taining milk-teeth. As these teeth showed a masked Selenodont

structure, it was urged that the specimen indicated the descent

of the Sirenia from Selenodont Artiodactyle Ungulates. It was

incidentally shown that Halitherium veronense, Zigno, from the

same deposits, belongs to Prorastomus, Owen.—A communica-
tion was read from the Rev. H. S. Gorham, containing

descriptions of and notes on the Coleoptera collected by Mr.

John Whitehead on Kina Balu, Borneo. The present com-
munication related to the families Hispidas, Erotylidae, Endo-

mychida:, Lycidse, Lampyridse, and others.—Another com-
munication from the Rev. H. S. Gorham and Mr. C. J. Gahan

gave an account of some of the Coleoptera collected by Mr. W.
Bonny in the Aruwimi Valley, Central Africa.—Mr. P. L.

Sclater, F.R. S., read some notes on a small collection of

Mammals brought by Mr. Alfred Sharpe from Nyassaland,
amongst which was a flat skin of Angas's Bush-bok {Tragelaphus
angasi), a species of Antelope not hitherto recorded to occur in

this district.—Mr. Sclater also gave the description of a new

Antelope from Somali-land, proposed to be called Bubalis

stvaynii, after Captain H. G. C. Swayne, R.E., who had
furnished him with the specimens on which it was based. He
likewise exhibited and remarked on some other examples of

Antelopes from the same country contained in Captain Swayne's
collection.

Linnean Society, February 4.
—Prof. Stewart, President^

in the chair.—Mr. J. E. Harting exhibited Gould's coloured

plate of a humming-bird {Phcethornis longuemaretis), of which

species a pair had made their nest in the drawing-room of Mr.

Hamilton, of Queen's Park, Trinidad. The nest was built in

a palm about five feet high, standing in a tub within the room.
The first egg was laid on December 27 last, the second egg on
December 29, and a young bird was hatched on January 12.

The circumstance was regarded as quite unprecedented, though
Mr. D. Morris was able to quote a case which came under his

own observation in Jamaica, wherein a humming-bird had built

its nest on the extremity of a saddle-bar in a verandah.—Mr.

Harting also exhibited some life-sized photographs of the egg-
cases of two species of dog-fish [Scylliuvi), and made some
remarks on the mode of depisition and period of incubation as

observed in different aquaria.
—Mr. F. N. Williams read a

paper on the genus Dianthus. He pointed out that Velezia,

Dianthtis, and Fiinica form a natural group of genera dis-

tinguishable from the Silene group by their seeds, which have
a facial hilum and straight embryo. Velezia may be dis-

tinguished from Dianthus and Funica by having half the number
of stamens. There are, however, three characters to be relied

on in distinguishing these two genera; (i) the presence of a
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spicalyx of bracts; (2) the number of nerves to the calyx ; (3)
the junction of the claw with the blade of the petal. This last

character was regarded as distinguishing very clearly Dianthus
from Ftmica. In Dianthus the blade of the petal is abruptly
narrowed into the claw, so that the two are distinct ; in Fiinica

the transition is gradual. Mr. Williams was of opinion that the

species of Dianthtis might be arranged in three natural groups
(sub-genera) : (i) in which the flowers are numerous and

clustered, as in " Sweet William
"

; (2) the largest group, in

which the flowers are few and usually solitary on the branches
of the stems, as in carnations ; and (3) a small group inter-

mediate between Funica and the true pinks, and corresponding
with the genus Kohlrauschia of Kunth. The number of species

recognized by Mr. Williams in this monograph amount in round
numbers to 250.

—A paper by Messrs. G, J. Hinde and
W. M. Holmes was then read, on the Sponge remains in the

Lower Tertiary strata near Oamaru, Otago, New Zealand.

Near Oamaru there are beds of white, friable siliceous rock of

Upper Eocene age, almost entirely composed of Sponge spicules.

Diatoms, and Radiolaria, thus resembling in character the

Diatom and Radiolarian ooze of the present deep seas. The
Sponge remains are all detached ; they belong largely to the

MonactinellidcB, though Tetractindlid, Lithistid, and Hexacti-

nellid spicules are also present. The smaller flesh spicules of

these different groups are perfectly preserved, and thus enable a

comparison to be made with existing Sponges, to which generic-

ally they mostly belong. In all 43 genera and 113 species have
been recognized by their characteristic spicules. Many of the

forms have not hitherto been known as fossil. The existing
relatives of many of them now inhabit the Indian and Southern

Oceans, but some are at present only known from the North
Atlantic. The remains of deep-water Sponges are intermingled
in the deposit with others hitherto supposed to belong to

moderate depths only, but in recent dredgings by H.M. S.

Egeria off the south-west coast of Australia, at a depth of 3000
fathoms, there is a corresponding admixture of similar spicules.

Paris.

Academy of Sciences, Februarys.
—M. d'Abbadie in the

chair.—Observations on a note by M. H. Le Chatelier, on the

optical measurement of high temperatures, by M. Henri

Becquerel.
—Silica in plants, by MM. Berthelot and G. Andre.

An examination into the occurrence, distribution, and state, of

silica in the spring-wheat plant in various stages of its growth,
and into the quantity and state of the silica in the soil in which
the plants were grown.

—A new chart of the currents of the

North Atlantic, by Prince Albert I. of Monaco.—Determination

of the freezing-point of very dilute solutions : application to

cane-sugar, by M. Raoult. The author describes a new method
of taking cryoscopic observations, giving readings to within

1/500 of a degree. The molecular lowering of the freezing-point
of water by cane-sugar is represented by a curve, which demon-
strates that the author was correct in asserting that sugar gave,
like other bodies, a gradual increase in its molecular lowering

beyond a certain stage of dilution.—New measurement of the

Perpignan base, by General Derrecagaix. The results are as

follows: (l) the measured line, reduced to Delambre's base,

gives for the length of this base ii,7o6'69 m. ; (2) this length is

verified by the geodesic accordance between the segments and
the entire base, to an approximation of i/2SO,cx30. Hence

(i) the modern measurement of the Perpignan base makes it

longer by 0*29 m. than found by Delambre using Borda's

measures ; (2) this new length is less than that calculated from

the Paris base by only 5 cm.—New researches on the solar

atmosphere, by M. H. Deslandres.—A new interpretation of

Abel's theorem, by M. Sophus Lie.—On the integrals of

equations of the first order which admit of only a finite

number of values, by M. Paul Painleve.—On a new pro-
cess for the transmission of electric undulations along me-
tallic wires, and a new arrangement of the receiver, by M
R. Blondlot.—Refraction of liquefied gases, by M. James
Chappuis. The indices of refraction at zero and under their

maximum vapour pressure have been found for sulphurous acid

and methyl chloride. For D they are respectively i'3Si8 and
I '3533.

—The rotatory power of quartz for the infra-red rays,

by M. E. Carvallo.—The action of chlorine upon ruthenium :

ruthenium sesquichloride and oxychloride, by M. A. Joly.
—On

a nitro-silicate of silver, and on the existence of a nitro-silicic

acid, by MM. G. Rousseau and G. Tite.—On the decomposition
of sulphurous acid by carbon at very high temperatures, by M.
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Scheurer-Kestner. Sulphurous acid passed over charcoal at a
while heat is decomposed in accordance with the equation

—
2SO0 + 3C = 2C0 + C02-f2S.

—
Chlorosulphide and bromosulphide of lead, by M. F. Par-

mentier. The chlorosulphide, obtained by a method described,
is found to be PbS.PbCl2. Its colour, when suspended in water,
is cinnabar-red ; when collected, it appears darker. The pro-

perties of the bromosulphide, PbS.PblBrj, are similar, but it is

more stable than the chlorosulphide. The existence of an

iodosulphide is indicated.—Researches on sodium isopropylate,

by M. de Forcrand.—On a nitro-derivative of antipyrin, by M.
Edm. Jandrier.

—On the rotatory power of diacetyltartric de-

rivatives ; reply to a note by M. Colson, by M. J. A. le Bel.—
On the minimum perceptible amount of some odours, by M.

Jaques Passy.
—The law of absorption of carbon mouoxide by

the blood of a living mammal, by M. N. Grehant. —On the

fauna of the fresh waters of Iceland, by MM. Jules de Guerne
and Jules Richard.—On the structure of the ovule and the

development of the embryonic sac ol Dompte-venin {Vincetoxi-

cum), by M. Gustave Chauveaud.
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THE SCIENCE MUSEUM AND
TATE GALLERY.

THE

WE are informed that various Government Depart-
ments are now considering the many questions

raised by the Tate Gallery controversy in the real spirit

of scientific inquiry
—that is, they are at last attempting

to deal with the facts, and they are consulting some

people who ought to know something about them.

As the President and Officers of the Royal Society, and

many other representative men throughout the country,
have stated their opinion on the matter to Lord Salis-

bury in a memorial last year ; and as they were pretty
certain to have known the facts before they committed
themselves to any statement involving them in great

responsibility if they were wrong ; the friends of science

can only rejoice that at last the Government Departments
are dealing with the matter in a scientific way.
The facts are as follows. In our Museum arrange-

ments, while books and pictures
—

or, in other words,
literature and art—are thoroughly represented, from the

Museum point of view, on a scale worthy of the nation,

only three branches of science—natural history, geology,
and mineralogy

—have so far been provided for, and by
the Natural History Museum. This was pointed out

about twenty years ago by the Duke of Devonshire's

Commission
;
and the many advantages which would

be certain to accrue to an industrial nation like ours,
from collections representing the various physical, che-

mical, mechanical, and metallurgical sciences and their

applications to industry, were very clearly referred to.

The Government, one may almost say, of course, took

no notice of this important recommendation, or next to

none. In 1876 the Royal Commissioners for the

Exhibition of 1851
—a body thoroughly well capable of

judging of the importance of the Duke of Devonshire's
recommendation—showed their opinion of its importance
by oflering a plot of ground stretching from Queen's
Gate to Prince's Gate, and ^100,000 to build this

Science Museum. This offer, the Government of the

day—most of the Governments of the day knowing and

caring little about science, although they are so glad to

receive donations for art—declined. So matters went

on, Committee after Committee being appointed, re-

porting, and having their deliberations ignored, until at

last, as a result of a Committee appointed by the

Treasury itself, the plot of ground which the Govern-
ment might years ago have had for nothing, was pur-

chased, and purchased, of course, in strict relation to

the discussions which, as we have shown, had been

going on for the last eighteen years. At least, if that

be not so, why was it purchased at all ?

We now come to the plot of ground. It contains

350,000 square feet. What facts have we before us to

aid us in answering the question as to whether this plot
of ground is sufficient to do for all other sciences what
the Natural History Museum does for three? Here, of

course, if possible, we must appeal to facts, if facts exist.

Let us assume that the new Museum is to be built on the

precedent afforded by the Natural History Museum.
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The exhibiting space in the Natural History Museum
consists of 152,000 square feet. To provide this exhibit-

ing space in a building in which, of course, many other

things besides exhibiting space have to be considered,

the ground plan of the existing building contains an

area of 162,000 square feet. The building itself, however,
stands in a plot of ground covering about 500,000 square

feet, and in this way ample possibilities of future extension

are provided.
We are first, then, face to face with the fact that, as-

suming the Museum which is to do for all the other sciences

what the Natural History Museum does for the three

named, can, in a few years, be restricted to the same

exhibiting area
;
we begin with a space of, roughly,

150,000 square feet les^ for that which must eventually be

the larger Museum. Anyone will see that, in the nature

of things, it is unlikely that the Museum which has to look

after the interests of all the inorganic sciences, and their

infinite applications to the arts (by which, of course, the

industrial arts ai'e meant), will always remain smaller

than that Museum which has to provide for biology chiefly.

But the matter, unfortunately, does not end here. It is

practically certain that the Royal College of Science

will require considerable additions to meet the demands
made upon it for science teachers. It is perfectly well

known already to all educationists that it has already

entirely overflowed the small and ill-contrived building
in which it is located ; and the Professors of Physics
and Geology are already camping out in temporary build-

ings of the most inconvenient description. We believe it

is thoroughly conceded by the Government that new
laboratories for physics, astronomical physics, and

chemistry must be at once erected. Now, it is perfectly

certain that, at this time of day, such laboratories as

those, with their various appendages, cannot be erected

on a space much less than 100,000 square feet ; so

that it comes to this, a site already too small for the

purposes of a Science Museum and its future extension
—if it is to be treated like the Natural History Museum
—must have filched from it, for other scientific needs,
another slice of 100,000 square feet.

This may be, perhaps, permitted, because, although
the Science Museum may lose in area, it would gain

enormously in advantage, for the reason that the teach-

ing in the future may be given in close relation with the

instruments which are used in it.

The suggestion that Mr. Tate should be allowed still

another 100,000 square feet from this plot
—from a plot

containing less than 300,000 square feet available for

building purposes
—of course was preposterous from the

beginning, and would have been at once shown to be

impossible if the problem had been considered at all from
the region of hard, dry fact. Unfortunately, it was not so

considered, and hence an apparent antagonism between
the interests of science and art, which has been going
on now nearly a year. We have attempted to show that

the question is not a question of sympathy— it is a question
of fact

;
and now that the Chancellor of the Exchequer is

dealing with the facts, as they ought to have been dealt

with in the first instance, there can be no longer any
doubt as to which way the issue will be decided.

We believe it is contended by some who are not

acquainted with the exact terms of reference to the last

S
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Treasury Committee that their very indefinite suggestion
as to the space to be provided to meet present needs

really referred to their view as to the maximum amount of

space which a Science Museum should be allowed to

cover. We are certain that the scientific members of that

Committee would repudiate any such opinion, and they
would quote, as we have quoted above, the actual facts

concerning the Natural History Museum as negativing any
such idea.

Finally, it is advisable to point out the terrible

want of any sense of perspective on the part of the

Legislature on matters relating to science and art. We
do not object to any expenditure the Government may
choose to make upon art, but it is our clear duty to point
out that the interests of science must not be neglected in

order that art may be encouraged. The ^70,000 paid
for the land which has given rise to all this discussion is

the same sum as that given not long ago for a single

picture. The "
British Luxembourg

"—whatever that may
be-r-which the Government is supposed to be now foster-

ing, was intended to contain most of the pictures now in

the South Kensington Museum ; so that the edifying

spectacle was to have been, or indeed may yet be, seen,
of emptying all the picture galleries at one end of the

Museum while £i\,oo,ooo of public money is being ex-

pended—this has been agreed to by the Government
with alacrity

—in building new picture galleries at the

other. Nor is this all. The Tate Gallery, if built, is to

be maintained by the Government : we are informed this

will cost at least ^4000 annually. Here, then, is another
endowment of, say, ^r6o,ooo for art. We do not object
to this if the nation so wills it ; but is it wise that all this

time the training of our science teachers—our great

requisite just now—is to be carried on in sheds, and that

the only concern that the Government shows in relation

to the Science Museum, which is to include the Patent

Museum, is to still absorb year after year the patent fees,

which ought in justice to be used for the improvement of

our national industries?

CHEMICAL TECHNOLOGY.
Manual of Chemical Technology. By Rudolf von

Wagner. Translated and edited by William Crookes,

F.R.S., from the thirteenth enlarged German edition,
as remodelled by Dr. Ferdinand Fischer. With 596

Illustrations, 968 pages. (London : J. and A. Churchill,

1892.)

\ ^ THEN a book has reached a thirteenth edition, it

* * may usually be assumed that its form and contents

are so familiar to all who are likely to be interested in the

subject of which it treats as to require no description,
and that it has attained so substantial a reputation as to

be independent alike of praise or blame flowing from the

pen of the critic. In the case of the book before us,

however, the author is no longer living ;
and having com-

pleted in 1880 the eleventh edition of his work, the care

of future issues devolves upon others. There is probably
no subject which changes so rapidly, owing to the ad-

vances of science and the incessant activity of inventors,
as chemical technology, or the application of chemistry
to useful purposes in the industrial arts ; and a glance at

the table of contents of such a book as this is sufficient
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to remind one of the vast range of subjects with which

chemistry has to do. It is the extent and diversity of

these subjects which suggests at once the idea of the

difficulties which must attend the compilation of such a

treatise even when the work of so distinguished a tech-

nologist as von Wagner is carried forward by editors so

eminent as Dr. F. Fischer and Mr. Crookes. That they
have discharged their duty in no perfunctory spirit is

evident from the fact that many sections are entirely

new, and that, as compared with the eleventh German
edition, more than half the text and the illustrations

have been replaced by new matter. And further, as

pointed out by the English editor, a manual such as

this must be in many respects adapted to the conditions

of the country where it is written, and, if translated for

use elsewhere, it requires modification. The prices of

raw materials, of fuel, and of labour, and the laws in

different countries have in each case their influence upon
the conditions under which chemical industries are carried

on. As already remarked, a book in its thirteenth edition

must have been found useful by a good many people, but

the first thought that passes through the mind in turning
over the pages of Wagner's

"
Technology

"
is—For whom

can this book have been intended? It treats of every-

thing : of fuel and metallurgy, of water, acids, and

alkalies, of pigments and dyes, of glass and cements,
of food and fibres, of leather, soap, wood, matches, and

many smaller subjects. In the limits of 950 pages it is

not possible to provide all the details essential to each

process which would be sought by a manufacturer, and
an examination of the volume shows that the treatment

of the successive subjects is very unequal. The impres-
sion derived from its perusal is that, on the whole, it is

most likely to be useful to senior students or to chemists

who wish for general information relating to chemical

manufactures, but that the efforts which have evidently

been made to incorporate into this new edition an account

of modern processes are spasmodic, and not always
successful.

The articles on soda and on chlorine, for example, are

among the best in the book. The several processes for

the recovery of sulphur from alkali waste, including the

Schaffner-Helbig and the Chance patent processes, are

described with some detail ;
and the Weldon-Pechiney

process for obtaining chlorine from magnesium chloride

is described at length with the aid of numerous illustra-

tions. But even in this latter case, in view of the import-
ance ofthe process, which is still on its trial, information

more recent than December 1887, might have been

expected. There is no reference to more recent pro-

cesses for electrolyzing alkaline chlorides ; but this,

perhaps, is expecting too much in the way of the "
latest

intelligence
"

;
and doubtless the same remark applies to

the absence of any description of liquid chlorine as a com-

mercial article. This, however, does not account for the

curious error by which the number formerly given as the

density of liquid chlorine, i'33, is assigned to the gas.

The admirable work of Knietsch {Annalen, 259) on the

properties of liquid chlorine deserves to be had in re-

membrance, more especially as it was done in the

laboratory of an alkali-works, with industrial objects in

view.

A really unsatisfactory article is that which relates to
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iron and steel. The ores are stated to be roasted in

heaps and in special kilns, but no description is given of

the process. The blast-furnace to which the longest

description is devoted is an open-top furnace of forty

years ago. No figure is given of a modern English blast-

furnace ; the form shown in the cut, and dismissed in eight

lines of text, is not to be seen in this country. The cup
and cone charger, general in Great Britain, is not even

mentioned. There is no straightforward account of the

successive chemical changes which are supposed to take

place as the charge descends in the furnace, but, without

introduction, the reader is plunged into a disproportion-

ately long discussion of the
" heat conditions of the blast-

furnace." There is no description of the tuyeres, though
it is mentioned that they are cooled by water, nor of the

sand casting- bed, nor of the resulting pigs. In the

account of " crude "
iron, as it is called, it is surely not

enough to say that,
"
according to the nature of the

carbon, it is distinguished as white and grey crude iron,"

and then to give just six lines to each of these two

varieties, without so much as mentioning the various

grades distinguished by the numbers familiar in every

ironworks, or the purposes in the forge or the foundry
to which they are severally applicable. Following the

description of
" crude " iron is a section occupying about

three-quarters of a page on the examination of iron and

steel, which might as well have been omitted, as it is

quite useless. The same inadequate treatment is notice-

able throughout the article, and to an English reader it

must appear strange that English metallurgists, with the

exception of Bessemer, Thomas and Gilchrist, and Bell,

whose name appears once, are generally ignored. This

seems to be one of the articles in which the English
editor has not been sufficiently careful to supply the

modifications indicated in the preface as requisite in

order to adapt the book to the conditions prevailing in

this country.

Turning now to subjects of a different character, there

is the vast field of coal-tar and the colours derived from

the tar hydrocarbons. The colours are dealt with in

sixty-seven pages. In comparison, therefore, with other

subjects in the same volume, this important and interest-

ing department of applied chemistry receives perhaps its

fair share of space ; but, recalling the fact that in another

book on applied chemistry recently published nearly the

same number of pages is devoted to naphthalene and its

derivatives alone, it is obvious that considerable con-

densation must have been effected in the work before us.

In connection with this article, every chemist who has

any feehng for consistency in chemical nomenclature

must protest against the playful variety of spelling which

the editor permits in the names of the hydrocarbons.
On the same pages we have paraff/«^, benz^/, naphthal-

ine, anthrac^«^, triphenyl metha«. This is really too

bad !

Referring to the thirty pages devoted to dyeing and

tissue-printing, we find a practical acknowledgment of

the inadequacy of the treatment which many subjects

receive by the insertion of a list of books to which the

reader is referred for further information. And this

recalls the fact that elsewhere throughout the volume
references to authorities in the shape of original memoirs,

books, or patent specifications are rarely given. This is
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an omission which might with great advantage be re-

paired in a future edition, not only because further

information is often essential, but because there are,

necessarily, scattered up and down the pages of such a

comprehensive work as this a good many statements

which require some qualification, or, at any rate, some

positive evidence to make them completely acceptable,
as well as others which are manifestly antiquated and
obsolete. For example, the statements (p. 223) as to the

influence of the addition of aluminium to iron and steel

ought not to be put forward without proof. Certainly
the fact that the manufacture of pure aluminium is now

practically abandoned tends to show that it has not been

found so valuable in connection with iron and steel as

was at one time asserted.

There is no very pressing necessity for introducing

photometry into a book on chemical technology ; but if

there is a reason for its introduction, there must be a still

stronger reason for making the description practical. It

is not so in this case, for while Bunsen's photometer is

referred to, rather than described, in eight lines, Violle's

attempt to utilize the light emitted from melted platinum
as a photometric unit is described at length, with a

figure, and the article concludes with the statement that

the amyl acetate lamp will probably in time supersede
the other units. We think not.

Manufacturers who have managed to keep the details

of their plant and their processes practically secret must

derive some amusement from books which profess to

describe their manufactures. The successful English

monopolists of phosphorus-making (Messrs. Albright
and Wilson) are represented, no doubt correctly, as

making more phosphorus than anybody else ; but we can

imagine the quiet smile with which they would regard
the pictures of apparatus said to have been invented and

employed by themselves, as well as such ridiculous

statements as (p. 410) that
" bone ash is now the only

material used by phosphorus-makers," &c. If it were

not for the lofty air of knowledge with which such things
are described, it would not matter greatly ;

but it would

be more candid towards the reader if the writer of such

an article as that on phosphorus would begin by declaring

roundly that he does not know, but only imagines, that

the following is the process likely to be employed.
The difficulty of purifying the pages of successive

editions of so large and complex a book of phraseology
which is obsolete or inappropriate is illustrated on p. 398,

where a brief exposition is given of the views entertained

by
"
the late Dr. Gerhardt "

concerning the constitution

of fulminating mercury. Not a word is mentioned of

more recent chemical discussions on the fulminates,

though they have been renew ed more than once in the

five-and-thirty years which have elapsed since the death

of the distinguished French chemist.

The editors have produced a volume which contains

much entertaining and instructive reading. From what

has been said, however, it is obvious that the reader

must not expect to find the whole truth, and nothing but

the truth, set forth in any such gyclopasdic production.
It is not possible for any one man, or any three men, to

array, without mistake, the accumulated stores of human

knowledge and experience in such a subject as applied

! chemistry. W. A. T.



:88 NA TURE [February 25, 1S92

AN AGRICULTURAL TEXT-BOOK.

Elements of Agriculture. A Text-book prepared under

the authority of the Royal Agricultural Society of

England. By W. Fream, LL.D. Pp. 450, 200 Figures.

(London : John Murray, 1892.)

DR.
FREAM'S new book, the first edition of which

was exhausted on the day of publication, is a dis-

tinct gain to agricultural literature. We naturally expect
such a work from Dr. Fream's pen to have the botanical

portions of the subject dealt with at considerable length,

and in this we are not mistaken, half the book being
taken up by the discussion of the various plants with

which the farmer has to deal, either as crops or weeds.

This division has to be made, to some extent, at the ex-

pense of other branches of the subject, which is perhaps
not quite a desirable thing to do in a general text-book

;

though it might be argued that it is far better to do one

thing well than to do several things indifferently, and
Dr. Fream has certainly done one thing well in his

treatment of " The Plant." The style is good, and the

descriptions very lucid, concise, and sound, the book

containing a vast store of information in small compass.
There is not, however, a single reference to any original

paper, an omission especially to be regretted when the

author is discussing the Rothamsted experiments ; in

fact, we think that the addition of a list of the papers

published by Lawes and Gilbert would have considerably
enhanced the value of the book.

The author divides his work into three parts. Part I.,

which occupies the first ']'] pages, treats of the origin and

properties of the different kinds of soils, their improve-

ment, cultivation, and manuring. Part II., "The Plant,"

occupies a full half of the book (pp. 78-302). The
first two chapters of this part treat of seeds and their

germination, and the structure and functions of plants,

these subjects being discussed in popular, but very in-

structive fashion.

Chapter xi. treats of the cultivated plants of the farm,

grouped under the natural orders to which they belong.
This is the longest chapter in the book, and includes

30 pages given to the consideration of the natural

order Gramineae. Then follow a short chapter on

weeds, and chapters upon harvest machinery and the

management of grass land. In chapter xvi., the theory
of rotations is ably dealt with ; the various crops of the

farm, with their cultivation, are considered in turn
; this

chapter also contains a handy table of the characters

of the seeds of the common farm crops. In the second

column of this table, opposite mangel, is the statement,
*' Should germinate at least 120 per cent, (see p. 141)."

On turning to p. 141 we find the following :
—

" The seed of commerce (mangel) consists of the ovary
with its seeds, embedded in the swollen base of the

perianth, which thickens and hardens as it ripens,

becoming angular and somewhat woody. Hence, when
a mangel or beet seed is set to germinate, it is not unusual
for two or three shoots to appear from a single seed."

On p. 97 are some remarks on this very matter, with

definitions of fruit and seed :

" The fruit is the ripened

ovary, the seedx^ the fertilized and ripened ovule." Is it

not better to adhere to these definitions, and thus avoid
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speaking of the germination of a sample of seed as over
1 20 per cent. ?

On p. 282, Dr. Fream speaks positively upon the much-
debated practice of burning diseased potato- haulms.
Further research upon the liability of old haulms to

propagate the fungus {Phytophthora infestans) is much
needed. The writer's own observations by no means
lead him to consider them so dangerous in spreading
disease as some people think they are. The question of

the utility of sulphate of copper as a remedy for potato
disease is dismissed in very few words. It is to be hoped
that the subject will receive fuller treatment in succeed-

ing editions, as many trials have recently been made ;

and although these have not always been attended with

success, many of the failures reported turn out upon
investigation to be due to the fact that the Bouillie

Bordelaise (or other mixture) was improperly prepared or

improperly applied. It would appear that impurities in

the mixture exert considerable influence upon its efficacy

as a check on the growth of the fungus. The use of a

mixture of sulphates of iron and copper with lime generally

gives negative results ; and even the presence of ferrous

sulphate in any quantity in commercial bluestone appears
at times to exert a deleterious effect.

The third part of the book contains a short account of

the structure and functions of farm animals, their various

breeds, and also chapters upon feeding. The subject of

dairying is dismissed in a chapter of 20 pages, and is the

least satisfactory portion of the book. Under " Cheddar

Cheese making
"

is given a process which is rather in-

definite, and seems a sort of mixture of several methods ;

the instructions for this process are vague, the tempera-
tures (where given) are rather uncertain, and nothing
whatever is said as to the proper condition of the curd

at the end of each operation. On p. 429 this remark is

made :
—

" Real Stilton, for example, is a double cream cheese,
the cream of the evening's milk being added to the

morning's milk."

" Real Stilton
" of this nature is a myth ; the so-called

<' cream Stiltons" are made from two curds, and do

not contain added cream, the term being used (rather

ambiguously we confess) to signify that no cream was

abstracted from the milk used in making the cheeses.

A few errors in the text may be mentioned here. On

p. 65 and elsewhere, ammonium carbonate is spoken of

as a volatile gas ;
it would be more accurately described

as a volatile solid. The average percentages of albu-

minoids in certain foods given in Table xviii. (p. 343) are

most of them too low. In Table xx. (p. 344) the per-

centage of albuminoids in cotton cake is put down at

23'i7, whilst it is given as 19 in Table xviii. on the

previous page ;
the former value is more nearly an

average one. The percentages of soluble carbohydrates
in some feeding stuffs given in Table xxi. are not quite

satisfactory ;
those for wheat, barley, and bean straws are

much too high, especially that of 35 for bean straw;

about one-fifth that figure would be nearer the truth.

We think it would have saved space, and much trouble

and confusion to the student, if Tables xviii., xix., xxi.,

xxiii
, xxiv., and xxvi. had been combined, and the full

analyses of the feeding stuffs given in a single table.
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Table xxxi. (p. 408) is headed,
"
Percentage of nitrogen

and minerals in the fasted live weights of cattle, sheep,

and pigs." This heading should be, "Amounts of nitrogen

and minerals in 1000 pounds fasted live weights, &c."

The illustrations in chapters xxv. and xxvi. are very

poor indeed, especially Fig. 190, which is perhaps in-

tended as a puzzle print. Also Figs. 17 1-3 are very bad

attempts to convey an idea of what a cow is like. Figs.

160-4 are equally poor.

Apart from these details, we cannot but say that the

book as a whole is an admirable work, and superior to

anything of its kind which we have yet seen. It will

prove a boon, alike to students and to educated farmers.

W. T.

HYLO-WEALISM.
Further Reliques of Constance Naden. Edited by George
M. McCrie. (London: Bickers and Son, 1891 )

WE have already in these pages expressed our

opinion, in a notice of her "Induction and

Deduction," that, had the hand of Death been withheld.

Miss Naden would have made valuable contributions to

philosophic thought. The volume of
" Further Reliques

"

now before us serves to justify this opinion. It is ques-

tionable, however, whether her friends have been well-

advised in including the "
Geology of the Birmingham

District," admirable as it is as a student's prize essay.

In any case, since it was included, it would have been

only just to Miss Naden to have requested someone

acquainted with geological nomenclature to revise the

proofs. On a single page we have Trianic for Triassic,

Keupes for Keuper, Llandeils for Llandezlo, and Para-

doyidian for Paradoxidian. This essay is dotted over

with such misprints (the genus Orthis being printed, on

p. 25, both Orttiis and Orttus), Nor are other parts of

the book entirely free from errors due to careless editing.

On p. 4, destruction is printed where the sense requires
distinction ; and on p. 160, evidence, where the author

clearly meant to write eloquence.

As we before pointed out, for Miss Naden the funda-

mental principle in philosophy is the famous Protagorean
formula of relativity, that

" Man is the measure of all

things, of things that are that they are, and of things that

are not that they are not." In a kind of parable she

describes the creation of the external world :
—

" A myriad etherial waves, of inconceivable minute-

ness, enter the tiny window of the eye, and beat against
the deUcate lining of its darkened chamber. The pulsa-
tions are taken up, and transmitted along the optic nerve
to the base of the brain, and thence to the gray thought-
cells of the cerebral hemispheres. And in these gray
thought-cells lives the God who says,

' Let there be light,'
and there is light. If the optic nerve be an inefficient

messenger ; if, maimed or paralyzed, it fail to convey the

vibrations received from without, the creative fiat will

never be issued, and the world will remain, for the God
of that one cerebrum, without form, and void. He is not
a First Cause, since a stimulus is needed to set him in

action ; but he is certainly the only authentic Creator of
the world as yet discovered by science, philosophy, or

religion."

Whether this way of putting the matter is in the best

possible taste, we do not pretend to decide. It is with
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Miss Naden's philosophical position, not with any other

aspect of her views, that we can deal here. Philosophic-

ally, her view is, that the gray thought-cells are for her,

and for each and all of us, the creators of the world.
" But here," she continues—in her article on "

Hylo-

idealism," prefixed to certain letters addressed to her by
Dr. Lewins, of the Army Medical Department—

'' But here comes the most critical point of the inquiry.
If the universe be simply a more or less coherent vision

;

if its very solidity and extension be but parts of the
'
realistic

'

drama, how are we to know that there is any
such thing as matter ? . . . How are we to be sure that

the brain itself really exists, and that the all-generating
cells are not mere illusory appearances ?

"

How does Miss Naden answer this question, by which

she is by no means the first to be puzzled ?

" The puzzle," she says,
"

is not so hard as it looks.

The uttermost sceptic tacitly assumes the possibility of

argument ;
that is, of a course of reasoning, in which

every step is dependent on the preceding step, while the

origin of the whole is some group of observed facts. If

this be a delusion, and the last step stand in no kind of

causal connection with the first, evidently argument is

impossible, and the sceptic's lucubration shares the

general invalidity. A succession of mere mental pheno-
mena, of mere inert pictures, cannot constitute reasoning,
because one inert picture cannot produce or condition

another. If a mental state possess no property except
the property of being perceptible, it is obviously purely

passive, and exerts no real influence upon subsequent
mental states. Now, as this position is utterly unthink-

able, and is not less destructive to scepticism than to

materialism, we are obliged to assume the existence of

some active basis of thought—that is, of something
which thinks. What we assume of the individual self

we extend analogically to other men, who are to us other

selves. And having seen that sensation and motion
follow upon excitation of the brain, and are suspended
or destroyed by paralysis of the brain, we are justified
in restoring our thought-cells to their proud creative

eminence, and in proclaiming that they constitute this
'

active basis of thought
'

;
that they think, and therefore

exist."

In an earlier paper on "
Scientific Idealism," included

in the
" Further Reliques," Miss Naden says :

—
" For the present I must be content to plagiarize from

Descartes, and to say of the cerebrum,
"

Cogitat ergo est!

It can appear to us only phenomenally, and we cannot

speak of it otherwise than in terms of phenomena ;
but

here, at least, we are forced to assume an underlying

nounienon, while renouncing the vain hope of penetrating
to its essential nature by reason or intuition."

So, after all, the thought-cells which have been restored

to their proud creative eminence and proclaimed as con-

stituting the "active basis of thought," turn out to be

phenomena like the rest of the
"
realistic drama," and

" even the vibrations supposed to impinge on the surface

of the body, and the molecular tumult propagated along

the nerves, are merely convenient intellectual representa-

tions of the unknown "—to which Dr. Lewins adds in a

footnote,
" and nothing until asselfed," without, however,

explaining how "nothing" in the process of asselfment

becomes something.

Such, so far as we understand it, is hylo-idealism. In

it one recognizes an old friend under a new name. It

would seem that Miss Naden admitted with reluctance

the phenomenal nature of the all-creative thought-cells.
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As it is, her views are hardly consistent. She generally

appears to regard the organism or the thought-cells as

the only reality
—a reality set over against, and in marked

contradistinction to, the "realistic drama" of the sur-

rounding universe. But, in the passage above indicated,

she admits the phenomenal nature of the thought-cells,

and confesses an unknown noumenoii. We do not think

that Miss Naden's philosophy had reached its final form

when Death so untimely snatched her hence.

C. Ll. M.

PHYSIOGRAPHY.
The Reabn ofNature. An Outline of Physiography. By
Hugh Robert Mill, D.Sc. Edin., F.R.S.E. (London:

John Murray, 1892.)

THE scope of physiography has perhaps been more
misunderstood than that of any other subject. It

had its birth in the Government system of science exa-

minations, and the new name was applied to distinguish

the subject from the older and narrower one of physical

geography, which was so widely taught in elementary
schools.

In the great majority of the text-books which have

hitherto appeared, the authors have rigidly followed the

lines laid down in the syllabus of the Science and Art

Department, and have generally contented themselves

with stating facts, more or less accurate, without properly

considering their inter-relation. It is a great relief to

turn from these to the book before us. It is written inde-

pendently of all examinations, and in it the true place of

physiography among the sciences is clearly defined.

The book is one of the University Extension manuals,
of which the editor (Prof. Knight) says :

" Their aim is

rather to educate than to inform." No better subject

could therefore have been selected as one of such a

series, and Dr. Mill fully bears this aim in mind. Indeed,
in this respect the book is worthy to be compared with

the "
Introductory

"
science primer written by Prof.

Huxley some years ago. The opening chapter deals

with such matters as "
Nature,"

"
Science,"

" Use of the

Senses," "Reason," "Common Sense," "Cause and Effect,

and ' Natural Laws,'
''

all of which are set forth very

clearly, and made deeply interesting. For the benefit

of those who may have doubts as to the meaning of

physiography, we may quote the following from this

chapter :
—

"
Physiography means literally the description of

Nature (p. i)- . . . It describes the substance, form,
arrangement, and changes of all the real things of Nature
in their relations to each other, giving prominence to

comprehensive principles rather than to isolated facts

(p. 3). . . . In order to have a just conception of the

universe, the results of specialized research must be fitted

harmoniously together. This is the function of physio-
graphy, which has, consequently, a unique value in

mental training, being at once an introduction to all

the sciences and a summing up of their results. It

enables a beginner to obtain a quicker insight into any
of the special sciences and a fuller grasp of it, while, at

the same time, a student versed in any one special science
is enabled to appreciate far more fully than an unversed
one its relation to all others and to the system of the
universe" (p. 13).

NO. I 165, VOL. 45]

Succeeding chapters deal with subjects somewhat after

the order of the syllabus of the Science and Art Depart-
ment. It is only necessary to say of these that they
are excellent, and that they have been revised by
well-known specialists, including such -names as Prof,

Tait, Dr. Copeland, and Dr. John Murray. In chapter
xvi. there is an admirable account of " Life and Living
Creatures," in which is given a good outline of the

classification, distribution, and functions of animals and

plants. The final chapter is reserved for
" Man in

Nature," and deals with the distribution of the various

types of humanity, the effects- of environment, migrations^
and man's power of altering the course of Nature's

works. A useful list of memoirs and books is appended
to each chapter.

The book is fully illustrated, chiefly by new diagrams,
and there are nineteen beautiful maps, which have been

specially prepared by Mr. Bartholomew, whose com-

petence for such work is well known. These maps form

an important feature of the book, and illustrate, amongst
other things, earthquake regions, isotherms, rainfall, and

the evolution of continents.

The whole book shows signs of the greatest possible

care in preparation, and it is not an easy matter to sug-

gest improvements. It is a very valuable contribution ta

the literature of the subject, and we trust that it will meet

with the appreciation it deserves. It is admirably

adapted for all thoughtful persons desiring an insight

into scientific methods
;
and although not intended as a

book for use in schools, all teachers and students of the

subject will do well to make themselves acquainted with

its contents. A. F.

OUR BOOK SHELF.

Grasses of the South- West. Plates and Descriptions of

the Grasses of the Desert Region of Western Texas^
New Mexico, Arizona, and Southern California. Part

II. By Dr. George Vasey, Botanist, Department of

Agriculture. 50 Plates, with descriptive Letterpress.

(Washington: Government Printing Office, 1891.)

The first part of this work was issued in October 1890,.

and duly noticed in our columns. It also contained

50 plates. It is a pity that in this second part the

numbering from I to 50 is begun over again. It would

have been much more easy to cite the plates continuously
from I to 100. The present part goes all through the

series of tribes again, and includes 4 species of Pas-

palum, 3 of Stipa, 4 of Muhlenbergia, 5 of Sporobolus,

9 of Triodia, 5 of Diplachne, and 4 of Eragostis. Most
of the species are endemic, and very few of them have
been figured before. None of them are British species, but

one of the Stipas is a variety of the common European
feather-grass {Stipa pennata). A good general hand-

book of grasses is one of the books most urgently
wanted both by systematic botanists and agriculturists ;

and the United States Department of Agriculture is

doing a very useful work in bringing out these bulletins.

The next two bulletins are to be devoted to the grasses
of the Pacific slope, and the four numbers will bind up
into one volume, containing 200 figures.

Sporting Sketches in South Anterica. By Admiral

Kennedy. (London : R. H. Porter, 1892.)

The sketches presented in this volume appeared origin-

ally in Land and Water, and are now reprinted with only
such slight changes as " time and circumstances have
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rendered necessary." They are very pleasant reading,
and should be of considerable service to naval officers,

yachtsmen, and sportsmen who may visit South America.
The commission of the Ruby in South American waters

extended over three and a half years, and during that

time the officers seem to have missed no opportunity of

indulging their taste for sport. The game killed amounted
to 13,349 head. What was killed was never wasted, for

there were on board 250 persons to be fed. Although
Admiral Kennedy has much to say that will be especially

interesting to sportsmen, they are by no means the only
class of readers to whom he appeals. He visited many
districts which are well worthy of being described, and
the impressions they produced upon him are invariably
recorded in a fresh, simple, and. straightforward style.

The text is illustrated with copies of some pen-and-ink
sketches by the author.

LETTERS TO THE EDITOR.
[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of l^kTVRV..

No notice is taken of anonymous communications. ]

Cirques.

Permit me, while thanking Mr. I. Russell for his friendly
criticism of my views as to the origin of cirques (p. 317), and
for a copy of his memoir on the Mono Valley, in which his own
are developed, to indicate the reasons why I remain unconvinced.

(i) The first part of his criticism appears to me to be wide of

the mark. I never said that the three conditions, quoted by
him, were necessary for the formation of cirques, only that they
were "the most favourable." I have described two <r/r^M^j in

granite (_Geol. Mag., 1871, p. 535), and seen them in other

crystalline rocks.

(2) I never said that other topographical features might not
be associated with those dispositions of rocks, which are often

found in cirques. I stated that for the production of cirques,
not only certain materials, but also a particular machinery, were

required. Lines of cliffs, ravines, alcoves, corries, are numerous
in the Alps : cirques are comparatively rare.

(3) The instances described in my original paper (Quart.

Journ. Geol. Soc, 1871, p. 312) were called cirques at that date,

and, I believe, still retain the name. They are in all essential

respects identical with Gavarnie and similar places in the

Pyrenees, which are always called cirques. Hence, it appears
to me, Mr. Russell cannot elude my arguments by proposing a
new terminology. Moreover, to call these places alcoves, is to

misuse the word. An alcove holds a bed, or screens two lovers

in earnest conference from over-curious eyes
—it is a small affair.

The diameters of the Alpine cii-ques are measured by hundreds
of yards ;

their walls by hundreds of feet. Mr. Russell's

studies in the Appalachians (unless I misunderstand him through
ignorance of the locality) appear to me to indicate no more
than that (as I have repeatedly affirmed) no real demarcation can
be drawn between cirques, corries, and bowl-like heads of

valleys. Of each I have seen examples, little as well as big.
The formation of an alcove, as described by him, is only a

special case of an action, identical in kind (but different in

degree and environment) with that by which the above-named
are produced. As it seems to me, he proves, not that cirques
and alcoves are genetically distinct, but that they are genetically
identical. One stream will make an alcove, many a cirque.

(4) I have never denied that under certain conditions a basin

(generally quite shallow) may be scooped out by ice-action on
the floor of a corrie, hut the peculiar

"
tooth-drawing" action of

the base of the neve, postulated by Mr. Russell, appears to me
only an hypothesis. I stated, when it was propounded by Mr.

Helland, that I knew of no evidence in its favour, and much in

opposition {Geol. Mag., 1877, p. 273) ; I repeat the same now.
Wherever I have seen the bottom of a corrie uncovered, the
rock has been smooth and ice-worn, not rough with the sockets
of extracted "plugs

"
of rock.

(5) As a bergschrund usually narrows in descending, the
tension of the ice should be at a minimum at the base of the

neve, and I do not believe that atmospheric cold is appreciably
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more potent there than at the bed of a glacier. Moreover, as

the ice must move more slowly in the neve basin than in the

glacier, the former standing to the latter in the relation of a

pond to its effluent, the friction there should be least.

(6) Some of the Alpine cirques lie rather low, and are not in

a position where glacieis would first appear, as is shown by the

fact that they are now full 3000 feet below the snow-line.

Perhaps, however, Mr. Russell supposes rock wrenched away
to a depth of quite a thousand yards. If so, I have nothing to

add to what I wrote in 1871 and 1877. All that I know of the

Alps and of other mountams is opposed to any such notion.

(7) Above three at least of the cirques, described by me, the

cliffs rose in inaccessible steeps to the very summit of the range.
From the highest peak of the Diablerets one could almost throw
a stone on to the floor of the Creux de Champ, a full mile below ;

the two cirques near the Surenen Pass are immediately under
the crest of the range (as shown in my diagram). Yet there are

the streams fed by snow-ledges, which, though comparatively
narrow, keep them still at work. Doubtless, in some cases the

recession of the walls may bring to an end the work of excava-

tion. But even in Egypt, in a cirque-YC\^^ glen beneath a narrow

crest, Mr. Jukes-Browne found evidence of streamlets {Geol.

Mag., 1877, p. 477) ; and I may cite Herr J. '^2\'Ca&x{Abhand k.

Sachs. Gesellsch., xvi. 345) for the occurrence of "amphitheater
Oder circusthiiler" in that country, though he attributes more to

the action of wind than I should venture to do.

I might continue, but it may suffice to say that the result of

twenty years' experience has been increased confidence in the

general accuracy of the views expressed by me in 1871. These,
it appears to me, Mr. Russell combats only by attempting a

distinction, which I believe to be non-existent, and devising a

method of glacier-erosion, which I believe to be not only

mechanically impossible, but also contrary to the facts of

Nature. T. G. Bonney.

Bedford College and the Gresham University.
You have given publicity to various communications on the

subject of the Albert or Gresham University ; may we there-

fore request that you will extend a like favour to us, and insert

a brief statement from one of the Colleges for Women, deeply
interested in everything affecting higher education in and for

London ?

The following are some of the grounds on which the Bedford

College, London, opposes the Draft Charter :
—

(i) That the Bedford College, London, for Women j provides
a complete academical course in the two faculties of arts and
science, and therefore feels that from the very outset it is

entitled to be included in any proposed University for London,
on an equal footing with University and King's Colleges, with
due representation on the Council. For such immediate
affiliation the Draft Charter does not make any provision.

(2) That should the Draft Charter become law, a University
would be created which, while exercising only some of the

functions of a Teaching University, would do this in such a
manner as to effectually prevent the foundation of any Teaching
University which should be capable of expanding to the ever-

growing demands of the Metropolis.

(3) That while the Act of 1871 abolished all ecclesiastical

tests in the Universities of Oxford, Cambridge, Durham, and
all Colleges therein to such an extent that all denominational

Colleges are separate from the Universities, this Draft Charter
of the Albert University allows one of its component Colleges
to impose ecclesiastical restrictions. The Council, therefore, in

its petition to both Houses of Parliament claims that the
Bedford College be made an original constituent College in

any new University for London, with due representation in the

governing body, and prays that the present Charter be not

granted unless so amended as to be far more comprehensive,
more adequate to the present and future needs of the Metropolis,
and free from all ecclesiastical restrictions.

W. J. Russell, Chairman of Council.
Lucy J. Russell, Honorary Secretary.

Bedford College, London, February 19.

The Implications of Science.

Can you allow me space to reply to Miss Jones's courteous
letter (p. 366), which I shall have the more pleasure in doing as

I hope to be able to clear up the points in dispute between us ?

I think it is clear—Miss Jones at least admits so much—that
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some part of the meaning of a term is determmed arbitrarily ;

either by public opinion for general use, or by the individual

reasoner, if he wishes to use the term for some special purpose

of his own. For this does not imply that there ever was a

formal contract as to the meanings of terms. The fact that

terms do not mean the same to people of different nations is

enough to show that the determination of the meaning by each

nation is, in part at least, essentially arbitrary. It is also, I

think, clear that there is a part of the meaning of some terms at

least which is not arbitrary, when once the arbitrary part has

been settled. There is a slight ambiguity about my use of the

word "definition," which, however, when once noted, need

cause no confusion, as the context will always show in which

sense I am using it. Commonly a "definition" denotes an

assertion which determines the arbitrary part of the meaning of

a term ;
but when I speak of

" the definition
"
as opposed to

"the import" of a term, I mean not this assertion itself, but

that part of the meaning of the term which it determines.
^^

This

explains how it is that I do not regard "the definition of a

term (as opposed to its import) as a thing. Even if it is clearly

conceived in the mind it is only an abstract idea ;
but the point

is that it is not necessary that it should be conceived at all.

Thus it is not necessary that a definition by connotation should be

"of something," if that means that the term should have denota-

tion. Even if the term has any denotation, i.e. if the mind grasps

it as denoting a thing or idea, this denotation must, in a symbolic

argument, be regarded as merely "accidental clothing."

Just as some part of the meaning of a term is arbitrary and

some part not, so in any system of logic some part of the system

is arbitrary and some part not. Now, either the denotation or

the connotation of a term may be laid down arbitrarily, but

the connection betiveen the two is not arbitrary. One cannot

arbitrarily lay it down that "such a thing possesses such attri-

butes." If, therefore, a definition is to be an arbitrary assertion,

it must only lay down either the denotation or the connotation

of a term, and not parts of each. It would, of course, be

logically permissible to use the word " definition
"

in a different

sense, but then definitions would not be arbitrary assertions.

This is exactly what is done if the assertion
" Two straight lines

cannot inclose a space
"

is called a definition by denotation ;

and therefore, in my system of logic, I cannot admit it to be a

definition. This is one of the arbitrary features of my system.

But it is not arbitrary when I say that in such assertions as

"
Nothing can both be and not be," and " Twice two is four,

there is nothing absolute at all. The truth of these assertions is

determined entirely by the arbitrary parts of the meanings of

their terms. Miss Jones says: "If definitions were purely

arbitrary, as Mr, Dixon holds, what would prevent my saying

that Four (i + i + i) means t7uice truo {i + i) + {i + l)'^" Pre-

cisely ;
this is exactly the point. 7'here ivould be nothing at all

toprevent it. Boole actually did this very thing, as his law of

indices in his mathematical analysis of logic. According to

his law a^ + i+' = «('+')+('+ ').
^ ^

There remain one or two minor points to be answered. As

to induction, I think Miss Jones's view is substantially the same

as mine. Of course it is possible to set out an inductive

generalization in a syllogistic form as Miss Jones does ; only the

whole of the induction is then contained in the assumption of

the major premiss—the syllogism itself is in no sense inductive.

If Miss Jones thinks the truth of the formula {a-^rbf
~

dr-^^ab-vb"- is deduced by generalization from a single concrete

instance, how does she explain the fact that sometimes [a + b)"^
== o,

as in Grassmann's
" Aeussere Multiplication," and sometimes

{a + b)"
= a + b, as in Boole's logic?

I see nothing to differ from in the paragraph about S and P ;

except perhaps that if I define such a term as "metal" by

denotation 1 do not say "This and all other things like it in

certain respects
"

are metal. That would be mixing up denota-

tion and connotation in one definition. I say only "This, and

this, and this, . . . are metal."

The explanation of the point about the mathematical truths is

simply that I do not consider the assertion
" Two straight

lines cannot inclose a space
"

as a mathematical truth at all, if

"straight line
"

is defined by denotation. I certainly believe it

to be true, but its truth is not of the same nature as that of the

assertion
" Twice two is four," or even "

Cogito, ergo sum "; it is

neither a truism nor a necessary truth, in my senses of those

terms, but can only be established by induction,

Edward T. Dixon.

Trinity College, Cambridge, February 19.
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The Value of Useless Studies.

It is rather surprising that Prof. Ayrton should indulge in

covert sneers at Universities for devoting themselves to useless

studies. It certainly ill becomes one whose life is bound up
with electrical science, which is of such recent growth that

nobody can pretend to forget how it owes its origin to those wha
studied it while useless. If Universities do not study useless

subjects, who will ? Once a subject becomes useful, it may very
well be left to schools and technical colleges, to patent-mongers,
and the trade. Mr, Bury is, on the other hand, mistaken in

two respects. That a subject is useless is hardly worth con-

sidering as a recommendation for its being made compulsory on

students. There are too many useless subjects for that. The

great objection to compulsory Greek is that it is the principal

stumbling-stone in the way of any literature being studied by

ordinary University students. The Bible produced very little

effect until it was read in translations ;
and the danger of a pagan

revival, if ancient literature were studied without the obstruction

of difhcult languages, is the best reason for insisting on these

languages in a Christian University. The second mistake of

Mr. Bury is that it is any part of the business of a Universtiy to

teach. Universities should certainly give facilities for students

to learn. It is the business of the students to learn. If they

are so ill prepared that they have not acquired the art of learn-

ing, they should go to a college or school or private teachers,

and get taught ; for teaching is the business of these institutions

and persons. The business of Universities is to advance culture

and knowledge, and to afford students an opportunity of learn-

ing how to do this. Prof. Ayrton, by omission rather than by

commission, seems utterly unable to appreciate the value of

literature for its own sake. How can all this fierce toil he

extols so justly advance a lot of savages ?

Geo. Eras. Fitzgerald.

Trinity College, Dublin, February 13.

The Nickel Heat Engine.

In trying Mr. Smith's experiment on the rotation of nickel

(Nature, January 28, p. 294), I find my disk has a more

complex action.

It will be remembered that the nickel is mounted on a vertical

axis, and has the poles of an electro-magnet put near two points,

A and B, 90° apart. Let C be any point in the larger arc, and

suppose heat is applied to A.

I find that at first the disk moves in the direction ACB wUh
a hesitating, uneven motion ; it revolves several times, and

almost develops into a steady rotation, when it beats back,

oscillates for a while, and goes off with a brisk even spin in the

direction BCA. After about two minutes this fails, and a

new start is attempted the opposite way, but there is little more

movement, until time has been given for cooling.

It makes no difference at which pole the heat is applied.

The disk is 50 mm. diameter, rather less than i mm. thick, and

is covered with lamp-bl.ick.
W, B. Croft.

Winchester College, February 12.

THE UNIVERSITY OF LONDON.

"ORGBABLY before this letter is in type the Charter

-L of the Albert, or, as it is now to be called, the

Gresham, University, will have been presented to Par-

liament. What will be its ultimate fate remains to be

seen. But I have sat through a long night's debate in

the House of Commons to see a Government turned out

in the small hours of the morning on a University

question. I do not suppose that the proposed Charter

will raise an issue of that importance. But I think that

the Government may not be unmindful of past history,

and, in what is probably the last session of a moribund

Parliament, may not be willing to push very vigorously

what is perhaps the crudest scheme of University organiza-

tion which has ever been proposed in this country.

Before Parliament takes so serious a step as founding

a new educational institution, the question may fairly be

asked, On what ground is it necessary? Everyone
knows that we have a University in London which is a

State institution ;
and one may not unreasonably inquire,
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In what respects is it inadequate to its duties
; and, if so,

why cannot its defects be remedied without beginning
the work all over again ?

To neither inquiry has, it seems to me, any very satis-

factory reply at present been given. The reason perhaps
is that beside the ostensible reasons for the Charter which
are put forward, there are others in the background
which are less conveniently avowable, and which there-

fore it is anything but easy to meet.

Of the former, the most important is that the existing

University does not teach. This is an undoubted fact.

If, however, it were provided with a body of Professors,
as has often been suggested, it might teach just as much
as Oxford and Cambridge do. That defect is clearly,

then, not irremediable. 13ut, on a little further investiga-

tion, it turns out that something more than teaching is

meant. What is desired is that the teachers shall also

have the control of the examinations. What is wanted
is to introduce into London the teacher-examination

system, which is said to be the distinctive feature of

Universities in Germany. To quote an able article in

the Standard of January 19 :
—

" There must be a Teaching University in order that

the teachers might control the studies, and the degrees
be a recognition, not of mere knowledge (which inight
or might not be superficial), but of sound intellectual

training."

Now, I have discussed this position at some length in

the pages of Nature, and I need not repeat what I

have already said. But it may be pointed out that,

though the teacher-examiner system once obtained to

some extent in the British Isles, it has almost entirely
been abandoned. As Lord Sherbrooke used to remark,
" Teachers no longer sample their own goods." Their doing
so led, I think it cannot be doubted, to serious abuses,
the possible nature of which is sufficiently obvious.
Even in the English Universities, some of the Colleges

practically had the entire control of the education of their

undergraduates ; but they deliberately abandoned this

exclusive privilege, and handed over the business of test-

ing the performance of their pupils to their respective
Universities ; in other words, they intrusted the business
of sampling their goods to those who had nothing to do
with their manufacture. The Scotch Universities most

closely approximated to the German system ; but here,

again, external examiners have been introduced, who
undoubtedly were intended to act as a check upon the
Professors and their teaching.

It can thus, I think, be shown to demonstration that

the system which obtains in Burlington Gardens is not

really so anomalous as it is made to appear. The
teacher-examiner cry is, then, of the nature of a reaction ;

and though to a certain extent I am not without sympathy
with it, I am not sure that, on the whole, it is not a mis-
chievous reaction.

Now, when a great institution like the University of
London is attacked, one attaches naturally some import-
ance to the quarter from which the attack comes. I quite
admit that the University, perhaps from an excessive sense
of its own dignity, has rather allowed the case against it

to go by default, and has done little in its own defence.
But the world outside may judge for itself I am pre-
pared to contend that there is no examining body in the
world which does its work in a more efficient and con-
scientious way. Its examination rooms are crowded ; it

commands the services as examiners of the most dis-

tinguished teachers of the country ;
and whether in

science, law, or medicine, amongst those who have suc-

cessfully submitted to its ordeals are to be found the
names of some of the most distinguished men of the time.

It seems clear, then, that the attack on the University
would not come from either the students or the public.
It can hardly be doubted that the latter is more than
satisfied. When parents allow their sons to embark in
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University studies, they like to get something tangible as

a result ;
and in a degree at Burlington Gardens they

undoubtedly do get something the value of which is

generally accepted.
The complaint comes, however, from the teachers ;

and this not in the provinces, but in London alone. Their

case was put before the Commission by Prof. Lankester
in a very striking and able way. I do not doubt that his

evidence has produced a very powerful effect. But

having studied it, I am bound to say that, having
been a graduate, an examiner, and a member of the

Senate of the University, I cannot accept all he says as

giving a fair account of the inner working of the

system. The burden of his complaint is that the

teacher is unreasonably fettered in giving the best and
most modern kind of teaching by the restrictions imposed
upon it by the University. In so far as there is ground
for the complaint, I think it admits of remedy. But I

cannot refrain from remarking that the provincial teachers

who send candidates to the London examinations—and

who, I suppose, are not, on the average, less competent
and enthusiastic than their London colleagues

—do not, as

far as I can ascertain, in any way sympathize with their

complaints. On the other hand, Prof. Lankester was for

ten years an examiner in the University, and when he
last left office I am much mistaken if he had not suc-

ceeded in moulding the curriculum in his subject prac-

tically into entire accordance with his own views. And
even under the system as it exists I observe in his evidence

that he admitted to Sir William Thomson, that "a teacher

may, with judiciousness, of course, and common-sense in

his teaching, teach the best that he knows."
I cannot keep feeling, then, that in the outcry raised by

some of the London teachers there is something a little

unreal. The existing system neither works so badly, nor
is it in itself so bad, as it is represented to be.

The Privy Council, however, appears to have thought

differently, and has set itself to the task of creating a

Teaching University for London. And this is what Parlia-

ment is asked to sanction. The fatal objection to the

scheme is that the title is a misnomer; the proposed
University is, as I have already pointed out in Nature, in

effect, no more a Teaching University than the existing
institution.

It is perfectly clear that by a Teaching University is-

meant, by those who understand what they are talking

about, a University of the German type, governed and
administered throughout by the professorial body. If I

understand his views, this is the solution of the difficulty

which Prof. Karl Pearson desires. I am far from saying
that I am opposed to the establishment of such an insti-

tution. It would certainly be an interesting experiment,
and it might be a great success. It might be created out

of University College standing alone ; and for my own

part I have always wondered that that distinguished place
of study has never sought such a transformation. It

would, of course, require a profound reconstruction of its

constitution, and the total elimination of what may be
called the lay element in its government. Or it might
be effected, though with more difficulty, if University and

King's Colleges could be induced to fuse. Prof. Lankester

contemplated such a possibiHty ;
but it is probably as

hopeless as to try to get anything but an emulsion out of

oil and water.
The organization of such a Teaching University is not

without its drawbacks, and I am not at all sure that

London would be the best seat for one. The system is

only a success in Germany because Universities are very

numerous, and the number of students in each for the

most part not very large. The essence of the system, as

I understand it, is the close personal contact of teacher

and student. Each gets saturated, so to speak, with the

other
;
at the end of the curriculum the Professor knows,

or thinks he does, all that the pupil has acquired, and
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gives him his degree accordingly. I paint the picture in

its most attractive colours. And for pupils of a certain

type I believe the system to be excellent. But for the

large majority I am not so sure ;
and I think that under

such a system a little independent examination would
often act as a considerable surprise both to teacher and

taught.
It seems to me that the fact is often lost sight of that

education in all its forms is rather a tedious business.

What the teacher has to deal with are not merely the

enthusiastic few who march with joy alongside their

instructor, and scarcely see the obstacles that bestrew

the path, but the large mass, headed at the best with

stolid industry in front, to tail off with incorrigible

straggling behind. Here the discipline of the examina-

tion-room, backed by parental wrath at failure, seems to

me well-nigh indispensable. Even in such cases as these,
no doubt personal contact with the teacher can do much ;

but then the classes must be small. The limit is soon
reached when the individual powers of the teacher, how-
ever energetic, are reduced to a vanishing quantity. I

have found myself that in a class of forty I reached the

extreme limit on which I could hope to produce any
effective direct impression. Frankly, I do not believe

that for large classes, such as might be expected in

London, the teacher-examiner system has any merit at

all. I think myself that, if the teacher directs and

organizes the teaching to the bestrof his powers, he may,
with distinct advantage, leave the testing of the results

to other hands. I know that this is what I should prefer

myself ;
and I speak with the experience of a man who

has spent, and not wholly without success, some of the

happiest years of his life in the work of teaching.
But I certainly agree that the teacher should have

something to say in the business of examining. He
does, in London, already have a good deal to say as a
matter of fact, but very indirectly. I would remedy this

by giving all teachers of University rank a definite status

in the University.
The bare statement of the fact that the University of

London is merely an examining body does very inade-

quate justice to the work it has accomplished. It has

undoubtedly stimulated and disciplined the studies of

vast numbers of persons whom the older Universities

would never have touched. And it has reacted on the

teaching given in London and elsewhere by insisting on
a progressively high standard. The educational influence

has been consequently far-reaching, and in my judgment
not small. This is effected by the schedules or syllabuses
which are prescribed by the Senate and from time to time
are varied as the progress of instruction in each subject
makes change desirable. It is notorious that by this

means the University of London has compelled the

teaching bodies which send it candidates to develop the

efficiency of their methods of instruction.

I am quite prepared to admit that in theory the

machinery by which this result is brought about is not

perfect. But in practice, like so much else in this

country, it works tolerably well. In some of the evidence

given before the Commission it is almost implied that the
Senate draws up the schedules itself But, having been
both an examiner and a member of the Senate, I know
something of the process. Generally speaking, it is

something like this. An examiner finds that an existing
schedule is scarcely in touch with the best current teach-

ing. He communicates his opinion to the Senate, and
suggests alterations. The Senate generally calls to its

assistance one or more of the past examiners in the

subject, and also any persons of acknowledged com-

petence whose judgment will probably lead them to a

right decision. The result is that, if the alterations pro-

posed by the examiner are found to meet with general

approval, they are adopted. In time the process is

repeated ;
and probably no year ever passes without
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something of the kind being done. Practically, the work
is well done, and the general esteem in which the degrees
given at Burlington Gardens are held appears to me a
tolerable proof of the fact.

It is evident that what I have described is accom-

plished by what may be called semi-official means. I

should prefer myself to have it done by a more definite

organization. If Faculties were constituted in the

University, the most experienced teachers might meet
to settle the schedules in the best possible way. Even
then some would probably not be wholly satisfied

;
but

they would have at least the opportunity of explaining
their views to their fellow-teachers, and, if reasonable,
it is improbable that they would not meet with some
recognition.
Another very important result would flow from the

organization of the Faculties. One of the absurdest things
about the proposed Charter is that, apart from medicine,
except University and King's Colleges, it ignores the

existence of any other educational institutions which
either at present exist, or are certain hereafter to be

created, for the educational needs of so vast a city as

London. A great evil at the present time is the isolation

of such institutions. They do not recognize each other's

existence or work in any way in conjunction. If their

teachers, under the cegis of the central University, could be

brought together to confer on educational matters, it can

hardly be doubted that instruction in London would be
better organized, gaps filled up, and wasteful overlapping
obviated. All this might be done without any inter-

ference with the autonomy of the separate institutions,
and by men exchanging ideas in conference and dis-

cussion.

There is one point on which the new Charter has been
attacked with which I do not in any way sympathize.
The inclusion of King's College in the proposed Univer-

sity is objected to on the ground of its being a denomi-
national institution. But in Australia and Canada the

association of denominational Colleges with the Universi-

ties is found a simple and effective solution of difficulties

which for a long time will probably be insuperable in any
other way. One of the most interesting things in the

history of English Universities in modern times has been
the removal to them of Nonconformist Colleges. For

my part, I can see no possible objection to their being
admitted ultimately to full University privileges. If the

new University is to be accepted, it is idle to object to the

admission of King's College, or to demand that it should

abandon its characteristic features as the price of

admission.
To sum up the position. The present University is

denounced because it fetters the teaching and is not in

touch with it : this turns out to be rather a matter of form

than of fact. To remedy this a new Examining University
is to be created, on much the same lines as that already

existing, which in its turn is to be allowed to go on

exactly as before. Surely, in the whole history of the

reform of institutions, nothing so futile was ever proposed.
The real academic need of London is left perfectly un-

touched. This is the organization of the higher University

teaching. I am more and more convinced that a distinction

ought to be drawn between what may be called ante-

graduate and post-graduate study. The former, leading

up to the ordinary Bachelor's degree, may very properly
be left to the Colleges. More than this, without a vast in-

crease of endowment and staff, I do not see how they can

accomplish. I regard a student who has taken his

Bachelor's degree as having learnt the technical language
of his study. He may then, in a considerable number of

cases, devote himself to original inquiry. And this the

University of London encourages him to do, as examina-
tion is no longer compulsory for the Doctorate. It may
be, and in fact is, obtained by original work embodied in

a thesis. I confess I should like to see the University of
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Londori provided with a body of superior Professors, who
would net merely add to its distinction by their own
labours and public instruction, but would guide the
studies and researches of the young graduates. With the
right men for Professors, and such picked students as the
vast area of London would supply, I do not doubt that
the reputation of the University of London would at no
distant date rival ti. at of any in the world. I hope Prof.
Karl Pearson will ^orgive me if I appropriate in this
connection a portion of his letter in the Academy of
December 19 :

—
" The professorships ought to be the best in England,

and the chief posts, at any rate, might remain in the gift
of the Crown

; the laboratories and libraries ought to be
the best equipped in the Kingdom, and the University
ought to draw students and investigators, not only from
the five millions of London, but from the Greater Britain
over the seas. Such a University would not only be able
to retain in London men like Burdon-Sanderson, Seeley,
Gardiner, Sylvester, and Lankester, but it would bring
others there."

With the main idea expressed in these words with so
much enthusiasm I most heartily agree. But I think
those understand their countrymen and the possibilities
of things best who would use, as I would, the existing
University as a foundation. It has deserved well of the
State

;
it has done its appointed work in the past well :

instead of abusing it, we should strive to remove its

defects, and give it higher work to do.
Two possible objections to my proposition may be con-

sidered. It may be said that such professorships are not
wanted in London because such professorial teaching is

supplied by Oxford and Cambridge. My reply is, that
only a small portion of the population pass through those
Universities, and London would draw from a much larger
field. Again, it may be objected that the Professors of
the existing teaching institutions in London would object
to the creation of posts of a superior grade. On the other
hand, such posts might stimulate ambition

; they would
be the prizes of the academic career. To object to them
seems to me as reasonable as for a stufif-gownsman to

object to the existence of judges, or for a curate to that
of bishops.
The depletion of London of its most distinguished

teachers, which continually goes on, is a real loss to its
intellectual life. Dr. DoUinger says :—" The force which moves the world, that which bringson the important crises in the history of mankind, is not
to be found in material interests and passions, but in the
great ideas which it is the business of Universities to
work out."

Why should London, of all places in the world, dismiss
from its midst, as it has long continued to do, those
whose gift it is to open up most successfully new territorv
in the unknown world of knowledge ? Yet the depletion
goes on. Not one of the five officers of the Royal Society
is at the moment resident in London. The President
attends its meetings from Glasgow, and the Senior
Secretary from Cambridge.

I must say a word about Gresham College. The pro-
moters of the Albert University, whose untiring energywould be invaluable in a better cause, have, no doubt,
done a clever thing in securing the adhesion of this
obsolete institution to their scheme. Years ago I at-
tended one of the prelections with two friends. The Dean
of Manchester favoured, very unwillingly, an audience
composed of ourselves and a few casual passers-by,
whipped in apparently by the beadle, with a demonstration
of Euchd I. 47, in the Latin tongue. Yet the institution
which had descended to this mere husk of formality had
once, if tradition is to be believed, been one of the most
famous seats of learning in the world, and Francis L is

said, in emulation of it, to have founded the College de
France in Paris. I believe the present Gresham Professors
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are not quite so sleepy as they were
; but the contrast be-

tween the two rival institutions is more than melancholy.
That Gresham College can nowadays clothe its dry bones
and live is more than doubtful. It is, no doubt, only too

glad to undertake the "teaching" department of the new
University, which proposes to carry on its examining
work in the empty building in Basinghall Street.

Kew, February 20. W. T. Thiselton-Dyer.

M'

A PRELIMINARY STATEMENT OF AN IN-
VESTlCATION OF THE DATES OF SOME
OF THE GREEK TEMPLES AS DERIVED
FROM THEIR ORIENTATION^

R. LOCKYER has made out 1 think quite satis-

factorily that the Egyptian temples were so
oriented that the rising or setting of some conspicuous
star on or near the axis of the temple, and visible from
the adytum, would give warning of sunrise

; and he
applied to me for particulars of Greek temples for the

purpose of seeing if there was any analogy, and the com-
parison appeared to promise a favourable result. Mr.

Lockyer had found, before he had proceeded far in these

studies, that he had been anticipated to a considerable
extent by Herr Nissen, of Bonn, who has published
several articles on the subject in the Rheinisches
Museum of Philologic, and has brought within his scope
both the Egyptian and the Greek temples. There is

room, however, in the inquiry for a distinct work on the
Greek temples, and especially with the help of more
exact measurements of the orientation angles than Herr
Nissen has made use of

;
as he appears to have contented

himself with magnetic bearings— which are liable to

considerable local variations, which are sufficient in an

inquiry like the present to vitiate many of the conclusions
that may be founded on such measurements—and there is

a want of recognition of the influence of an elevated
horizon. I had taken, in several instances, astronomic
observations with a view to the more exact orientation of
different temples, but something more is wanted even in

the case of most of these—namely, the apparent altitudes
of the mountains in the directions of the axes of the

temples. I wish also to add that, but for Mr. Lockyer's
suggestion, I should probably not have carried the inqury
further than I already had done.
The great value of the inquiry lies in this : that it

offers a means of determining, within tolerably close

limits, the date of the foundation of a temple—not,
perhaps, in most cases (although in some I believe it

does) of the very structure which we now see, but of
an earlier foundation on the same site. The key to
the chronology lies in the movement of the stars with
reference to the local horizon, owing to what is called the

precession of the equinoxes. The object the ancients had
in using the stars was to employ their rising and setting
as a clock to give warning of the sunrise, so that on the

special feast days the priests should have timely notice
for preparing the sacrifice or ceremonial, whatever it may
have been :

"Spectans orientia soils

Lumina rite cavis undam de flumine palmis
Sustulit," &c.

The inquiry, even in its present state, is sufficient to
establish a very high probability that the principle is a
true one. There is nothing vague about it. It has to be
kept within very severe limits, and it holds good never-
theless.

No stars can be accepted except from among the

brightest, unless conspicuous star groups may have been
used instead. Again, of single stars, only such can have
been used for orientation in Greek temples which during

I Being the substance of a paper read to the Society of Antiquaries oa
February i8, 1S92.
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a period not incompatible with reasonable archaeology
rose or set very near the line of the sun's course at some

period of the year; and a further restriction is this, that

the rising or setting must be just so far in advance of

sunrise as to enable the star to be seen from the adytum
of the temple, and, at the same time, not preceding it by
any longer interval than is necessary.

If, in addition to this, we find, as is frequently the case
in the Egyptian temples, and is not without parallel in

Greece, that as the star to whose point of rising or setting
the axis of a temple was first aimed worked away from its

then position by precession, either the doorway of the

temple was altered, or a new temple founded alongside, so

as to retain the desired observation ; and in every case of

such new temple being so built it is found to have followed

the same cult as the original ; if, in addition to this, in

different provinces temples are found of which the cult is

known, and which are so planned as to be able to use the

same star—with such decided differences of orientation,

however, as were prescribed by latitude and the local

circumstances of the surrounding heights
—we obtain a

further strong corroboration, and one that will in many
cases be sufficient to determine the cult, where this has
not been otherwise pointed out.

One further step requires to be taken to occupy the

ground with perfect confidence—viz. to inquire what

analogy is there between the days of the month when
the sun would rise ushered in, as it may be said, by the

temple's peculiar star, and the days of the festivals as
derived from historical sources. In this comparison we
must not expect a coincidence on every point.
The date of the temple foundation in many cases is

pre-Homeric, whilst the basis of the historical account
of the date of the feast is probably post-Persic. There

may have been an interval of nearly looo years between
the two, so that there is room for changes. Again, owing
to their double system of reckoning months and years,
considerable variation in the dates given by Mommsen,
whose authority I mainly follow, is quite possible ;

and
besides this, in some of the cases given below, the orienta-

tion day, if I may so call it, may be in fault one or

possibly two days for want of the exact particulars of the
site to which I have made allusion.

Firstly, speaking of Attic feasts, the great temple at

Eleusis is an example very much to the point. The star

which seems to have determined the orientation is

Sirius, shining as it rose at midnight along the axis of
the temple on September 14. The Eleusinian mysteries
are stated to have commenced on the i6th of that month.
In this case the sun was not looked for

; the weird light
of the star reflected from some combination of jewels was
more likely to have been suited to the mysteries. It is

perhaps less likely that this ceremony would have been
changed than in most of the other cases.

The axis of the older Erechtheum'^
had the central star of the fine I

constellation Aquarius setting
j

heliacally on August 9. ]

Warning of the sunrise at Su- \

nium was given by the setting |-

of the Pleiades on October 20. J

The star o Arietis rose heliacally^
to the older Olympieium at I

Athens, April 2, more than
j

1000 years B.C. j
The temple of Diana Brauronia

on the Acropolis ofAthensagreed
with the rising of Aquarius (the
central star C Aquarii in par-

ticular) on February 21 at the

presumed date of its foundation.

The lesser Panathenaia,
dated August 13-14.

A feast to Minerva and Vul-
can is dated October 30.

The feast Olympia is re-
- corded for April 19 in

later times.

TheLittleMysteries were cele-

brated February 21.—N.B.
^ A temple of Diana was in

1 close connection with the

) great temple at Eleusis.

In the earliest times, as already explained, the stars

were used as the only available clocks, but probably by
the end of the sixth century, whether by the discovery of
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the behaviour of the stars or by the invention of the
water-clock (which is recorded to have been used to some
extent in the fifth century), or other approximate means of

measuring time, the dependence on the stars alone had
ceased

; and the later temples, in Greece at any rate,

appear to have been built without any reference to these.

At Athens this applies to the existing or new Erech-

theum,theTheseumand the templeof Nike Apteros, which

temples do not seem to have been built parallel to any old

foundations. The old foundations under the Erechtheum
have a very different angle. The sunrise, however, was
considered in these just as much as before, for owing to

the artistic instinct of the Greeks, they seem invariably
to have secured for their principal festivals the fine effect

of the first sunbeam on the statue
;
but as all the temples,

whether old or new, admitted of two axial coincidences
with the sunrise—one which might have a clock star (as
it may be called) to announce the dawn ; the other,

except by rare accident, having none, the desired effect

would have been attained on both occasions when the
sun had the same declination.

It willbe obvious that if the axis of a temple in any latitude

had been directed due east (the horizon also being level),
the rising sun would coincide with it at both the spring
and autumn equinoxes. Similarly every other amplitude
would have two solar coincidences (provided that is, in

accordance with what has just been stated, the axis fell

within the solstitial limits). When it had been found
that the precessional movement had taken away the star

from the direction of the axis, there would have been no
reason for preferring one of these solar coincidences to

the other, and the feast could have been shifted to a
different date if it had been thought more convenient.
It would appear that something of this sort may have
taken place at Athens, for we find on the Acropolis the

Archaic temple, which seems to have been intended

originally for a vernal festival, offering its axis to the
autumnal sunrise on the very day of the great Pan-
athenaia in August.
The Chryselephantine statue of the Parthenon, which

temple followed on the same lines as the earlier Heca-

tompedon (originally founded to follow the rising of the

Pleiades after that constellation had deserted the Archaic

temple alongside), was lighted up by the sunrise on the

feast to the same goddess in August, the Synaecia,
instead of some spring festival, for which both these

temples seem at first to have been founded.
The temple at Sunium, already quoted for its October

star-heralded festival to Minerva, was oriented also

axially to the sun on February 21, the feast of the

lesser mysteries.
Of temples of later foundation we have the following

for which no suitable stars can be found :
—

The Erechtheum, its sun axis days are March 2 and

September 4, the latter being the date of the Niceteria,
the special festival of that temple, supposed to record
the celebrated contest between Minerva and Neptune,
considered to have been on September 3. Another
instance is the Theseum.
The Thesea are put down for October 8-9. The sun-

rise theory points out either March 7 or October 7.

Does not this fact restore the disputed title of Theseus to

this temple ?

There cannot be so much known respecting the feasts

in the other provinces.
The Olympic games were held, according to most

authorities, soon after midsummer, but by others in the

autumn. I quote on Nissen's authority the following :
—

420 B.C., Sept. 14.

416 B.C., Aug. 31.

412 B.C., Sept. 12,

408 B.C., Sept. 2.

The heliacal rising of the star Spica (a Virginis) seems
to belong to the Herseum, and indicates September 15.

The Isthmian games took place either in May or
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August, according to the Olympiad. The axis of the

temple at Corinth coincides with the sunrise on both
those months, but to only one of them (that of May) is a

star applicable.
Further confirmation of the truth of this general

theory
—namely, that the amplitudes of stars determined

the orientations of temples
—lies in the fact that in the

majority of instances, at any rate, the same star belongs
to the same cult. I am satisfied that this can be estab-

lished for the Egyptian temples. In Greece we find the

following.
The star a Arietis is the brightest star of the first sign

of the Zodiac, and would therefore be peculiarly appro-
priate to a temple of Jupiter. The heliacal rising of this

star agrees both with the Olympieium at Athens and
that at Olympia. There is a considerable difference in

the deviation of the axes of these two temples from the

true east ; but this is exactly accounted for by greater

apparent altitude of Hvmettus over the distant Mount
Pholoe.

The Pleiades are common to the following temples of

Minerva, viz. the Archaic temple on the Acropolis, the

Hecatompedon, and Sunium. In the two former it is the

rising, the latter the setting star.

a Virginis or Spica must have been supposed to be
sacred to Juno. The Herasum at Olympia agrees exactly
with this view, and the Argive Herseum can be referred

to no other
; but, as the foundations of the earlier

Heraeum are not now visible, the exactness of the co-

incidence cannot be thorouj^lily established without re-

excavating part of the site. There is nothing, however,
inconsistent to this view in what is known about it. The
nomenclature of the temple of Juno at Girgenti rests on
a rather weak historical basis ;

but Spica entirely sup-

ports it.

There must have been something in common between
the temples at Corinth, yEgina, and Nemea. The two

last, at any rate, are reputed temples of Jupiter, and I

have reason to think that also the Temple of Jupiter at

Girgenti agrees with the same star -namely, Antares.



198 NA TURE [February 25, 1892

VOLCANIC ACTION IN THE BRITISH ISLES.

AT the anniversary of the Geological Society, held on
the 19th inst., the retiring President, Sir Archibald

Geikie, gave the annual address, which was devoted to a

continuation of the subject treated of by him last year.
He now dealt with the history of volcanic action in this

country from the close of the Silurian period up to older

Tertiary time. The remarkable volcanic outbursts that

took place in the great lakes of the Lower Old Red Sand-

stone were first described. From different vents over

central Scotland, piles of lava and tuff, much thicker than

the height of Vesuvius, were accumulated, and their re-

mains now form the most conspicuous hill-ranges of that

district. It was shown how the subterranean activity

gradually lessened and died out, with only a slight revival

in the far north during the time of the Upper Old Red

Sandstone, and how it broke out again with great vigour
at the beginning of the Carboniferous period. Sir Archi-

bald pointed out that the Carboniferous volcanoesbelonged
to two distinct types and two separate epochs of eruption.
The earlier series produced extensive submarine lava-

sheets, the remains of which now rise as broad terraced

plateaux over parts of the lowlands of Scotland. The
later series manifested itself chiefly in the formation of

numerous cones of ashes, like the puys of Auvergne,
which were dotted over the lagoons and shallow seas in

central Scotland, Derbyshire, Devonshire, and the south-

west of Ireland. After a long quiescence, volcanic action

once more reappeared in the Permian period ;
and

numerous small vents were opened in Fife and Ayrshire,
and far to the south in Devonshire. With these eruptions
the long record of Palaeozoic volcanic activity closed. No
trace has yet been discovered of any volcanic rocks inter-

calated among the Secondary formations of this country,
so that the whole of the vast interval of the Mesozoic

period was a prolonged time of quiescence. At last,

when the soft clays and sands of the Lower Tertiary

deposits of the south-east of England began to be laid

down, a stupendous series of fissures was opened across

the greater part of Scotland, the north of England, and
the north of Ireland. Into these fissures lava rose, form-

ing a notable system of parallel dykes. Along the great
hollow from Antrim northwards between the outer

Hebrides and the mainland of Scotland, the lava flowed

out at the surface and formed the well-known basaltic

plateaux of that region.
The address concluded with a summary of the more

important facts in British volcanic history bearing on the

investigation of the nature of volcanic action. Among
these Sir Archibald laid special stress on the evidence
for volcanic periods, during each of which there was a

gradual change of the internal magma from a basic to an
acid condition, and he pointed out how this cycle had
been repeated again and again even within the same
limited area of eruption. In conclusion, he dwelt on the

segregation of minerals in large eruptive masses, and in-

dicated the importance of this fact in the investigation,
not only of the constitution and changes of the volcanic

magma, but also of the ancient gneisses where what

appear to be original structures have not yet been
effaced.

THE CENTENARY OF MURCHISON.

ON February 19, 1792, Roderick Impey Murchison
was born at Tarradale, in Ross-shire. By a

curious and appropriate coincidence, the anniversary
of the Geological Society, the date of which is fixed by
statute, fell this year on the 19th of the present month,
the hundredth anniversary of the birth of the illustrious

author of the "
Silurian System." It was a further re-

markable conjuncture that the President of the Society,
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who had to give the annual address, and take notice of

the centenary, was Murchison's literary executor, who
was designated by him as the first Professor of Geology
in the chair which he founded in the University of

Edinburgh, and who now fills the office which he held

for so many years
—that of Director-General of the Geo-

logical Survey. In referring to the doubly interesting
features of this anniversary, Sir Archibald Geikie spoke
of his great chief with warm admiration. The twenty
years which have passed since Murchison's death enable

geologists to make a truer estimate of Murchison's real

achievements than was possible at the time when his

commanding presence filled so prominent a place in the

scientific world of his day. They have been able to

correct some of his observations and discard some of his

generalizations, yet the solid mass of original work done

by him remains as a lasting memorial of his genius and

industry. In the broad basis of facts, and in the skilful

marshalling of these facts in their ordered relations, which

distinguished his work among the Silurian rocks, the

hand of a consummate master of geological investigation
is to be traced. His name has become a household word
in geology, and will go down to future ages as that of one
of the great pioneers of the science.

Murchison, during all his scientific career, was closely
associated with the Geological Society, and took a keen

personal interest in its welfare. By his will he left a

sum of money to found a medal and fund to be given

annually for the reward and encouragement of geological
research. This year the medal was awarded to Prof. A.

H. Green, of Oxford, and the balance of the fund to

Mr. Beeby Thomson. An interesting proof of the affec-

tionate regard entertained for Murchison's memory was
afforded by an announcement made by the President.

He stated that, a few days before the meeting, an old

friend of Murchison, who desired to remain unknown,
had come to him and asked to be allowed to offer a slight

tribute in remembrance of the man and his work, on his

centenary, at the anniversary meeting of the Society.
The President was requested to select two geologists (by

preference Scotsmen) who were carrying on geological
work in Murchison's spirit, and seeking to advance the

special branches of research to which he devoted himself,
and to present to each of them a cheque for ;^so,

with a framed portrait of the author of the " Silurian

System." Sir Archibald Geikie said that the task as-

signed to him was made comparatively easy by the terms

of the generous gift. He had no doubt that the Society
would agree with him that there were pre-eminently two
Scottish geologists marked out as recipients of this bene-

faction, who were disciples of Murchison, and were

carrying on his work, but with no slavish obedience to

the opinions of their master, and who, by their conjoint

work, alike with hammer and pen, well deserved this un-

expected and appropriate reward—Mr. B. N. Peach and
Mr. John Home. As a touching addition to this pleasing

incident, we have since learnt that while the anniversary
was being held at Burlington House, the faithful friend

who had made this offering to Murchison's memory
was engaged in the cemetery at Brompton carefully

brushing and washing his tomb. Driving snow was

falling at the time from a gloomy sky, in strange contrast

with the glow of affection that was piously renovating
the inscription that records the name and resting-place
of one of the great leaders of modern geology.

H. W. BATES, THE NATURALIST OF THE
AMAZONS.

HENRY WALTER BATES was a native of Leicester,
and was engaged in his father's warehouse when,

about the year 1845, he made the acquaintance of Alfred

Russel Wallace, then English master in the Collegiate
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School of that town. Bates was at that time an ardent

entomologist, while Wallace was chiefly interested in

botany ; but the latter at once took up beetle-collecting,
and after he left Leicester the following year kept up an

entomological correspondence with his friend. Two years
later Wallace proposed a joint expedition to Para in

order to collect insects and other natural objects, attracted
to this locality by the charming account of the country in

Mr. W. H. Edwards's "
Voyage up the Amazon," a choice

confirmed by the late Edward Doubleday, who had just
received some new and very beautiful butterflies collected

near the city of Para. The two e.xplorers sailed from

Liverpool in April 1848, in a barque of 192 tons burthen,
one of the very few vessels then trading to Para, and the

results of their journey are well known to naturalists.

They made joint collections for nearly a year while stay-

ing at or near Para, but afterwards found it more con-

venient to take separatedistricts and collect independently.
Bates spent eleven years in the country, divided pretty

equally between the lower and the upper Amazon, and he
amassed a wonderful collection of insects. Returning home
in 1859, he devoted himself to the study of his collections,
and in 1861 read before the Linnean Society his remark-
able and epoch-making paper on the Heliconidae of the
Amazon Valley. In this paper, besides making important
corrections in the received classification of this group and
its allies, he discussed and illustrated in the most careful

manner the wonderful facts of "
mimicry," and for the

first time gave a clear and intelligible explanation of the

phenomena, their origin and use, founded on the accepted
principles of variation and natural selection. In spite of

countless attacks—usually by persons who are more or
less ignorant of the facts to be explained

—this theory still

holds its ground, and notwithstanding the constant ac-

cumulation of new facts, and its discussion by new writers,
it has never been more clearly or more fully explained
than by its original discoverer.

So early as March i860, Mr. Bates commenced a series

of papers for the Entomological Society, under the title

of " Contributions to an Insect Fauna of the Amazon
Valley." These were at first devoted to the Diurnal

Lepidoptera, and in one of them he gave a new classi-

fication of the whole group, founded chiefly on the structure

of the legs, and leading to the conclusion that the Papi-
lionidae formed one of the lowest families, while the

Nymphalidse were 'the highest. This classification has
been very generally adopted by entomologists, though
there are a few dissentients, who hold that the principle

adopted to determine the rank or grade of the respective
families is an unsound one. Later on he wrote many
papers on the various groups of Longicorn beetles ; and

finding that his circumstances and the time at his disposal
did not allow him to keep up and study two such exten-

sive groups as the Coleoptera and Lepidoptera, he parted
with his fine collection of South American butterflies to

Messrs. Salvin and Godman, and thereafter devoted him-
self exclusively to the study of Coleoptera. Later still, he
almost confined his attention to the Carabidse, on which
important group he became a recognized authority. His

largest works in this direction were his contributions
to the "

Biologia Centrali-Americana" : Vol. I., Part i

(Geodephaga) ; Vol. II., Part 2 (Pectinicornia and
Lamellicornia) ; Vol. V. (Longicornia). A supplement
to the Geodephaga has since been published in the

Transactions of the Entomological Society of London
for 1890 and 1891 ; and a supplement to the Longicornia
was in course of preparation, but not finished at the
time of his death.

In 1864, he was appointed Assistant Secretary to the

Royal Geographical Society, an appointment he held till

his death. Besides editing the Journal and Proceedings,
and carrying on an immense correspondence with travellers

and others in every part of the world, he had practically
the entire management of the large establishment of the
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Society, and the chief burden of the arrangements for the
various meetings, as well as those for the Geographical
Section of the British Association. There can be little

doubt that it was the confinement and constant strain of
this work that weakened his constitution and shortened a
valuable life.

When we consider the originality and clearness of ex-

position in his first great paper on "
Mimicry," the

accuracy and fulness of knowledge displayed in his

systematic and descriptive work, and the power of obser-
vation and felicity of style which characterizes

" The
Naturalist on the Amazons," we cannot but regret that
circumstances should have compelled him to devote so
much of his time and strength to the mere drudgery of
ofifice work, and be thereby to a great extent debarred
from devoting himself to those more congenial pursuits in

which he had shown himself so well fitted to excel.

His high reputation, both as a hard-working entomologist
and philosophic naturalist, led to his being twice chosen
President of the Entomological Society of London, first

in 1869, and again in 1878 ; while he was elected a Fellow
of the Royal Society in 1881. His somewhat rugged
features, quiet, unassuming manners, and thoughtful
utterance, must be familiar to all who have attended the

evening meetings of the Royal Geographical Society
during the last twenty-seven years. Rarely has any
Society had a more efficient \ secretary, who not only
carried on its work with accuracy and judgment, but also

gained the respect and esteem of all who came in contact
with him. He died on Febuary 16, at the age of sixty-
seven. A. R. W.

THOMAS ARCHER HIRST.

WE regret to have to record the death of Dr. Hirst,
the well-known mathematician. He was the

youngest of the three sons of Mr. Thomas Hirst, a wool-

stapler, and was born at Heckmondwike, in Yorkshire,
on April 22, 1830. In 1844 he became an articled pupil of

Mr. Richard Carter, land agent and surveyor at Halifax ;

but afterwards he went to Germany, and studied at several

Universities, taking the degree of Doctor of Philosophy
at Marburg in 1852. His intercourse with Steiner, at

Berlin, gave a strong impulse to his studies, and ulti-

mately determined their character. Dr. Hirst on his

return to England filled the vacancy at Queenwood
College caused by Tyndall's appointment to the Profes-

sorship of Natural Philosophy in the Royal Institution.

The work at Queenwood occupied most of his time, so

that during the three years for which he held the post his

only original paper was a note " On the Existence of

a Magnetic Medium" (R.S. Proc, vii., 1854).
Towards the close of 1854 he married, and in conse-

quence of his wife's delicate health he passed the winter
of 1856-57 in the south of France. During this period
he wrote two papers "On Equally Attracting Bodies"

{^Phil. Mag., xiii., xvi.).i On the return journey Mrs.
Hirst died (1857) in Paris. After this sad event Dr.

Hirst spent six weeks with Prof. Tyndall on the mer de

glace (cf.
" Glaciers of the Alps ") : he then returned to

Paris, and attended the lectures of Chasles, Liouville,

Lam^, and Bertrand. At this time he translated Poin-

sot's famous memoir " On the Percussion of Bodies," and
contributed a paper,

" Sur le Potentiel d'une Couche in-

finiment mince comprise entre deux Paraboloides Ellip-

tiques" (Liouville,/. de M., ii., 1859).^ The winter of

1857-58 was spent in Rome. Here was written for

Tortolini's Annali the memoir " Sur la Courbure d'une

S^riede Surfaces et de Lignes" (vol. ii., 1859), an abstract

of which was subsequently published in the Quarterly
Journal of Mathematics. In these stirring times Dr.

' Cf. Chasles,
"
Rapport sur les Progrcs de la Ge'omeirie," p. 144.

-
Chasles, "Rapport," p. 303.
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Hirst received a cordial welcome from the mathematicians
of Southern Italy, and then going north he followed the

victorious armies as far as San Martino and Solferino.

After the Peace of Villafranca he visited the town of

Cremona, and here commenced an acquaintance of life-

long duration with Prof. Luigi Cremona.
In i860. Dr. Hirst took up his residence in London,

and for a short time took the advanced mathematical
classes in University College School, in consequence of

Mr. Cook's illness, and on that gentleman's death he
became his successor. This office Dr. Hirst held for five

years, and here, with Prof Key's full concurrence (see
Dr. Hirst's preface to Wright's

" Elements of Plane

Geometry," 1868), he taught geometry to classes of be-

ginners without the use of
"
Euclid." Subsequently, in

1870, at the request of the Ladies' Educational Associa-

tion, he gave a course of twenty-four lectures on the

subject of geometry to a class of sixty ladies at St.

George's Hall. The syllabus of these lectures was

printed at the time. He was so well satisfied with the

results of his attempt that when, in 1871, the Associa-

tion for the Improvement of Geometrical Teaching was

started, though he had taken no part, directly, in its

formation,^ he at once gave in his adhesion to the move-
ment, and contributed very materially to its success, by
his accepting the office of President, and by his doing
yeoman's service during his tenure of the office (1871-78).
Previous to this Dr. Hirst had, in 1865, been elected

Professor of Mathematical Physics in University College.
This post he vacated in 1867, when he succeeded Prof
de Morgan in the Chair of Pure Mathematics. It was on

January 16, 1865," that the London Mathematical Society
was started. Of this Society Dr. Hirst was one of the

pillars, and it was in a great measure through his foster-

ing care that it has made the mark it has. He served on
the Council from 1865 to November 1885, and for the

session 1890-91. He vacated the office of Treasurer
when he was elected President for the years 1872-73,
1873-74-

In 1870, Dr. Hirst was appointed to the new office of

Assistant Registrar to the University of London, and

thereupon resigned his Professorship, and the General

Secretaryship of the British Association, which he had
held from 1866. In 1873, when the Royal Naval Col-

lege was founded, he became the Director of Studies, and
held the office for ten years, when the precarious state of

his health necessitated his retirement, and the passing of

several winters abroad. He died on February 16.

In 1 861, Dr. Hirst was elected a Fellow of the Royal
Society. He was three times a member of the Council
of the Society, and twice one of its Vice-Presidents. In

1883 one of the Royal Medals was awarded to him for

"his investigations in pure geometry ; and, more particu-

larly for his researches into the correlation of two planes
and into the complexes generated by them." He was a
Fellow of the Royal Astronomical Society, a member of
the Physical Society, and of several Continental Societies.

He served for some years on the Council of University
College, London, and was also a member of the Senate
of the University of London.

Dr. Hirst revised the mathematical articles in Brande's
"
Dictionary of Arts and Sciences," and contributed new

ones ; and published a translation of Clausius's treatise on
« The Mechanical Theory of Heat "

(1867).
The following titles of papers may be mentioned :

—
" On the Volumes of Pedal Surfaces" (Phil. Trans., 1863 ;

Crelle, Ixii., 1863 ;
and Tortolini, Annali, v., 1863).

" On
the Quadric Inversion of Plane Curves" (R.S. Proc,
1865 ; cf Chasles,

"
Rapport," p. 167,

" Cemdmoire est un
travail fort complet"). This was his first ^^r,?/)' geo-
metrical paper. It was translated by Cremona in the

I Opening remarks in the Presidential Address, A.I.fi.T., First Report,
January 17, 1871 (cf. alsj Nature, vol. ii. pp. 65, 141, 164).

^ Memoir of Augustus de Morgan, pp. 280-86.

Annali di Matematica (vii., 1865), and a form of it is

published in the Nouvelles Annates (v., i866j. His re-

maining papers, mainly contributed to the London
Mathematical Society's Proceedings, are :

—" On Correla-
tion in Space" (abstract of Presidential Address, 1874,
Proc, vi.). "Note on the Correlation of Two Planes"
(Proc, viii.).

" On Cremonian Congruences" (Proc, xiv.).
"On Congruences of the Third Order and Class"
(Proc, xvi.).

" On Cremonian Congruences contained in

Linear Complexes" (Proc, xvii.). "On the Correlation
of Two Spaces, each of Three Dimensions" (Proc, xxi.)." On the Complexes generated by Two Correlative
Planes" {Chelini Memorial Volume, 1881).

" Sur la

Congruence Roccella "
{Circolo Matemaiico, il

NO. 1165, VOL. 45]

DR. THOMAS STERRY HUNT.
T\R. T. STERRY HUNT, who died at New York on
-*-^ the 1 2th of this month, in his sixty-sixth year, was
widely known from his geological works, especially those

relating to chemical geology. For some years past he
had been in feeble health, suffering much from heart-
disease. Early in this year he was attacked with influ-

enza, from which he seemed to be recovering, but a

relapse occurred, from which he failed to rally. Born on

September 6, 1826, at Norwich, in Connecticut, he was
educated for the medical profession, but in 1845 became
assistant to Prof B. Silliman at Yale College, and was
also chemist to the Geological Survey of Vermont. In

1847 he joined the Geological Survey of Canada, under-
Sir W. Logan, as chemist and mineralogist. From 1856
to 1862 he was Professor of Chemistry at Laval Uni-

versity in Quebec, giving his lectures in French. From
1872 to 1878 he was Professor of Geology at the Massa-
chusetts Institute of Technology. He was elected a
Fellow of the Royal Society in 1859, and in 1881 received
the honorary degree of LL.D. at Cambridge. Dr. Hunt
was one of the founders of the International Geological
Congress at Philadelphia, in 1876 ; he attended the

meetings of the Congress at Paris in 1878, Bologna in

1881, Berlin in 1885, and London in 1888, taking an
active part in the proceedings of each.

Although by birth a citizen of the United States, he is

best known as a Canadian geologist, and, after retiring
from the Canadian Survey, he lived for some years in

Montreal. But latterly he preferred to consider himself
once more as belonging to the United States, and for a
few years before his death was a resident in New York.

Dr. Hunt's most important geological work was done
in connection with the Geological Survey of Canada,
with and under Logan. They led the way in the study of
the Archaean rocks of that area, and Hunt gave to them
many of the names which have since become well known,
and too widely used, in the Archaean controversy. His
work on the geology of petroleum was of high value, and
he long ago clearly stated generalizations as to its occur-
rence which later investigations, over wider areas in

North America and in other districts, have fully verified.

Other important researches, published in the official

Reports of the Canadian Survey and elsewhere, related

to limestone, dolomite, and gypsum ; salt
;
the chemistry

of natural waters
;
the porosities of rocks ; rock-weather-

ing, &c. The well-known "
Geology of Canada," issued by

Logan in 1863 as Director of the Survey, was in large

part written by Hunt, the parts on lithology and on
economic geology being almost entirely his ; he likewise
read the proofs of the whole. He also wrote much on

Alpine and Italian geology, and on the classification of
the older Palaeozoic rocks

; in the Cambro-Silurian con-

troversy he was a warm advocate of Sedgwick. The
origin of serpentine was also a favourite subject, he

stoutly maintaining its aqueous origin. As regards the
ancient crystalline rocks generally, he to a large extent
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reverted to the Wernerian view, but with some important
modifications

; these he explained in his
"
crenitic

hypothesis."
Dr. Hunt's earlier papers (1846-49) were wholly on

chemistry and mineralogy, and to these subjects he
always gave much attention. Some of his latest writings
are purely chemical, dealing mainly with the more
speculative aspects of that science. Perhaps in these

questions, as is certainly the case with many of his theo-
retical views on geology. Dr. Hunt failed to carry convic-
tion to the minds of his fellow-workers ;

and it may well
be doubted if some of his views on these matters will

ultimately add to his scientific reputation. But it would
be unjust on this account to ignore the mass of solid
work which he accomplished, and the suggestive hints
which are scattered throughout his writings.

Dr. Hunt was a man of wide reading and general cul-

ture
; he possessed a marvellous memory, and great con-

versational powers. In his company one might for hours

forget that science was his special study, so well informed
was he in history, literature, and philosophy. His con-
versation on such subjects possessed an additional
interest from his personal acquaintance with many
American authors. He was thus an excellent travelling
companion, and the writer will not soon forget with what
thrilling effect he recited Macaulay's

"
Horatius," within

sight of Cortona and its Etruscan walls.

W. TOPLEY.

NOTES.
The date of the Bakerian Lecture to be delivered before the

Royal Society has been altered to March 10. Prof. James
Thomson has chosen as his subject

" The Trade Winds."

The general arrangements for the Edinburgh meeting of

the British Association have now been completed. The first

general meeting will be held on Wednesday, August 3, at 8 p.m.,
when Dr. William Muggins, F.R.S., will resign the chair, and
Sir Archibald Geikie, For.Sec.R.S., Director-General of the

Geological Survey of the United Kingdom, President-Elect,
will assume the Presidency, and deliver an address. On Thurs-

day evening, August 4, at 8 p.m., there will be a soiree; on

Friday evening, August 5, at 8.30 p.m., a discourse will be
delivered by Prof. A, Milnes Marshall, F.R.S. ; on Monday
evening, August 8, at 8.30 p.m., a discourse on magnetic induc-

tion will be delivered by Prof. J. A. Ewing, F.R.S. ; on

Tuesday evening, August 9, at 8 p.m., there will be another

soir&e ; and on Wednesday, August 10, the concluding general

meeting will be held at 2.30 p.m. The different Sections will

assemble for the reading and discussion of Reports and other

communications on Thursday, August 4, and on the following

Friday, Saturday, Monday, and Tuesday. The delegates of

Corresponding Societies will meet on Thursday, August 4, and

Tuesday, August 9, at 3. 30 p. m. Excursions to places of interest

in the neighbourhood of Edinburgh will be made on the afternoon

of Saturday, August 6, and on Thursday, August 11.

It is proposed that Englishmen shall celebrate the fourth

centenary of the discovery of the New World, and do honour
to the memory of Columbus, by establishing in Jamaica a marine

biological station on the lines of the marine laboratories at

Naples and Plymouth. The institution would be called "the
Columbus Marine Biological Station." An excellent letter on
the subject by Lady Blake appeared in the Times on Wednes-

day. The scheme has been laid before Prof. Huxley, Prof-

Ray Lankester, Prof. Flower, Dr. Giinther, Dr. Ball, Sir John
Lubbock, Mr. Scott, Mr. Sclater, and numerous other scientific

men, all of whom warmly approve of it. For the establishment

of the laboratory on a sound basis an outlay oi £\<),ooo will be
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required. The following have consented to receive subscrip-
tions :—Prof. Ray Lankester, Oxford ; Dr. Giinther, British

Museum (Natural History), Cromwell Road
; Dr. Ball, Science

and Art Museum, Dublin
; the Duchess of St. Albans, Best-

wood Lodge, Arnold, Notts. ;
and Messrs. Coutts and Co.,

bankers, 59 Strand. The Hon. Walter Rothschild, 148 Picca-

dilly, has undertaken the duties of honorary secretary.

On Saturday last a meeting was held in the Combination
Room of St. John's College, Cambridge, to discuss a proposal
for the provision of a national monument to the late Prof.

Adams. The Rev. Dr. Taylor, the Master of the College,

presided ; and among those present were Dr Peile (Master of

Christ's, and Vice-Chancellor), Dr. Ferris (Master of Caius),
Dr. Porter (Master of Peterhouse), Mr. Aldis Wright (Vice-
Master of Trinity), Dr. Forsyth, Prof. Hughes, Dr. Hobson,
Prof. Thomson, Dr. Glaisher, Dr, Frost, Dr. Sandys, Prof.

Mayor, and Sir George G. Stokes, M.P. The Master said that

Prof. Adams had memorials in Cambridge in the Adams Prize,
and his portraits at that College and at Pembroke. His own
work was his monument in the annals of science. They wished
to commemorate his name and personality in the eyes of the

world in that central sanctuary where, age after age, they com-
memorated their national types of various kinds of supreme
excellence which were the glory of the world. The first sugges-
tion of that came to him from Archdeacon Farrar. The sug-

gestion had been mentioned at a College meeting and by it

adopted, and they were met that day to carry it out. He
thought the better method would be to form a large and in-

fluential committee, containing the most prominent names in

mathematics and science, which would enable them to show
there was a general feeling in favour of it. Then he thought
the request might be made to the Dean and Chapter, on behalf

of the Committee, by the Chancellor, the Duke of Devonshire,
and in a letter which he had received from the Duke he stated

that he should be very glad to give any assistance in his power
to carry out the wishes of the Committee. Among those who
had agreed to join the Committee were the Astronomer-Royal,
the Master of Trinity, Dr. Salmon (Provost of Trinity College,

Dubhn), the Master of Corpus, Mr. Justice Romer, Prof Jebb,
Mr. Courtney, Lord Rayleigh, Prof. Newton, the Gresham
Professor of Astronomy, Prof. Cayley, and Sir Donald Smith

(Chancellor of Montreal University), who asked to be allowed
to subscribe £100. The following motion, proposed by the

Master, seconded by Sir G. G. Stokes, and supported by
Dr. Glaisher and Prof. Liveing, was carried unanimously :

"That the late Prof. John Couch Adams, by his discovery
of the planet Neptune, and other masterly work, published
or unpublished, is entitled to be named with the great
astronomers of the world ; and that this meeting pledges
itself (so far as in it lies) to promote and carry out the scheme
for placing a memorial to the late Professor in Westminster

Abbey." The following resolutions were also carried :
—" That

the memorial consist of a bust, with tablet and inscription."
"That a Committee be formed (with power to add to their

number) to carry out the scheme
; that the Master of Pembroke

College and Prof Liveing be the Treasurers, and the Master of

Peterhouse, Dr. D. MacAlister, and Dr. Glaisher the Secret-

aries, and that such and such persons be the Executive Com-
mittee." " That any surplus from; subscriptions after payment
of the necessary expenses to be used in the first instance to

defray the cost of presenting copies of the collected papers of

Prof Adams to learned Societies and libraries at home and

abroad, and that the remainder (which, if of sufficient amount,
shall be constituted a permanent memorial fund) be offered to

the Master and Fellows of St. John's College to form an Ex-
hibition or Scholarship fund for the encouragement of the study
of mathematics or physics by the undergraduate students of the
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College, such fund to be administered in such a manner as the

Masters and Fellows may from time to time determine."

At a meeting of the electors to the Lowndsean Professorship

of Astronomy at Cambridge, held on February 20, Sir Robert S.

Ball, Astronomer-Royal for Ireland, was elected to succeed the

late Prof. Couch Adams. Sir Robert Ball is fifty-one years of age.

He is a native of Dublin, and was educated at Trinity College.

When twenty-five years old, he was appointed Lord Rosse's

astronomer at Parsonstown. He became Professor of Applied

Mathematics and Mechanism at the Royal College of Science of

Ireland in 1867, and Professor of Astronomy at the Dublin

University, and Astronomer- Royal for Ireland, in 1874. In 1873,

he had been made a Fellow of the Royal Society. He has done

much by his writings and lectures to create and foster a popular

interest in astronomical study. In relation to this appointment
we give the following extract from the Cambridge University

Reporter of February 23 :
—The Council of the Senate beg

leave to report to the Senate as follows: "The arrange-

ment by which 'the superintendence and management of the

Observatory' were intrusted to the late Lowndsean Profes-

sor (Grace, May 2, 1861, Ordinances, p. 239) has now ter-

minated, and as no provision has been made for the future

direction of the Observatory, the Council think it desirable

that a special Syndicate should be appointed to consider the

question." The Council therefore recommend :

" That a

Syndicate be appointed to consider what provision should be

made for the future superintendence and management of the

Observatory, and to report to the Senate before the end of

the present Lent Term." "That the Vice-Chancellor, Dr.

Ferrers, Master of Gonville and Caius College, Prof. Sir

G. G. Stokes, Dr. Glaisher, Prof. Liveing, Prof. Thomson,
and F. Whitting, M.A., of King's College, be appointed a

Syndicate to consider what provision should be made for the

future superintendence and management of the Observatory,

and to report to the Senate before the end of the present Lent

Term."

The Queen has approved the appointment of Dr. Thomas

Clifford Allbutt, F.R.S., to be Regius Professor of Physic in

the University of Cambridge, in the room of the late Sir George

Paget.

Mr. J. Scott Keltie has been appointed to succeed the

late Mr. H. W. Bates, F.R.S., as Assistant Secretary of the

Royal Geographical Society.

At the meeting of the Royal Geographical Society on Mon-

day, Mr. Theodore Bent read before a large audience a paper
on his recent exploration among the Zimbabwe and other ruins.

The paper was one of great interest. Mr. Bent said that, with

his wife and Mr. Robert Swan, he went to Mashonaland pri-

marily to examine the ruins of the Great Zimbabwe. These

ruins, so named to distinguish them from the numerous minor

Zimbabwes scattered over the country, were situated in south

latitude 20° 16' 30", and east longitude 31° 10' 10", at an elevation

of 3300 feet above the sea-level, and formed the capital of a

long series of such ruins stretching up the whole length of the

west side of the Sabas River. They covered a vast area of ground,

and consisted of the large circular building on a gentle rise with

a network of inferior buildings extending into the valley below,

and the labyrinthine fortress on the hill, about 400 feet above,

naturally protected by huge granite boulders and a precipice

running round a considerable portion of it. Mr. Bent gave a

minute description of the ruins, drawing attention to evidence

that their ancient inhabitants must have been given to the

grosser forms of native worship. Perhaps the most interesting

of their finds in one portion were those in connection with the

manufacture of gold. Mr. Bent held that the ruins and the
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things in them were not in any way connected with any known
African race ; the objects of art and the special cult were foreign

to the country altogether, where the only recognized form of

religion was, and had been since the days when the early Portu-

guese explorers penetrated into it and El Masoudi wrote, that

of ancestor worship. It was also obvious that the ruins

formed a garrison for the protection of a gold-producing
race in rem.ote antiquity. So we must look around for

such a race outside the limits of Africa, and it was

in Arabia that we found the object of our search. All

ancient authorities speak of Arabian gold in terms of extra-

vagant praise. Little, if any, gold came from Arabia itself;

and here in Africa gold was produced in large quantities, both

from alluvial and from quartz, from the remotest ages. A cult

practised in Arabia in early times was also practised here ; hence

there was little room for doubt that the builders and workers of

the Great Zimbabwe came from the Arabian peninsula. He had

no hesitation in assigning this enterprise to Arabian origin, and

to a pre-Mahomedan period.

At the anniversary meeting of the Geological Society, held at

Burlington House on Friday last, the following officers were

elected :—President : W. H. Hudleston, F.R.S. Vice-Presi-

dents: Prof T. G. Bonney, F.R.S., L. Fletcher, F.R.S., G.

J. Hinde, Prof. J. W. Judd, F.R.S. Secretaries: Dr. H. Hicks,

F.R.S., J. E. Marr, F.R.S. Foreign Secretary : J. W. Hulke,

F.R.S. Treasurer : Prof. T. Wiltshire. The following are the

members of the Council : Prof. J. F. Blake, Prof. T. G. Bonney,

F.R.S., James W. Davis, R. Etheridge, F.R.S., L. Fletcher,

F.R.S., Prof. C. Le Neve Foster, Sir A. Geikie, F.R.S., A.

Harker, H. Hicks, F.R.S., G. J. Hinde, W. H. Hudleston,

F.R.S., Prof. T. McKenny Hughes, F.R.S., J. W. Hulke,

F.R.S., Prof. J. W. Judd, F.R.S., J. E. Marr, F.R.S., H.

W. Monckton, Clement Reid, J. J. H. Teall, F.R.S., W.

Topley, F.R.S., Prof. T. Wiltshire, Rev. H. H. Winwood,
H. Woodward, F.R.S., H. B. Woodward.

In the February number of the Kew Bulletin much useful in-

formation on sisal hemp {Agave rigida. Mill.) is presented. The

cultivation of sisal hemp has lately been developed to so re-

markable an extent in the Bahamas that hemp-growing has

become, for the moment, one of the most prominent of the new

industries of the tropics. The Bulletin mentions most of the

localities where plants of sisal hemp are now found, and the

material it has collected will be of great service to all who may
think of embarking in a fibre industry at the present time.

Among the other contents of the Kew Bzdlttin is an interesting

correspondence between Mr. Thiselton-Dyer and the Vice-

Chairman of the Middlesex County Council on the question of

instruction in horticulture. There is so much vague talk

nowadays about technical education that all who wish the words

to be used in the right sense will read with pleasure Mr.

Thiselton- Dyer's remarks on the proper way of learning the art

of cultivating plants.
" The cultivation of plants," he says, "is

an art which can only be acquired by practice, and therefore, it

appears to me, cannot be taught in the lecture-room any more

than painting or shoe-making. I know of no royal or theoretical

road to the acquisition of a competent or even useful knowledge

of the gardener's art except by beginning at the bottom and

going through every operation, from the most elementary to the

most difficult and refined. If an intelligent young man does

that, and keeps his eyes open, he may become a successful

gardener. But the mere reading of books and attendance on

lectures will never, in my judgment, make anyone even a

moderately competent gardener."

A REPORT on the botanical collections made by Dr. Brown

Lester, Medical Officer to the Gambia Delimitation Commissioui



February 25, 1892] NA TURE 40:

was published in the Kew Bulletin for October and November
1 89 1. A translation of the botanical section of the reports
made by the French members of the Commission is given in the

February number of the Bulletin for the purpose of supple-

menting Dr. Brown Lester's notes.

Appendix II., 1892, 'of the Kew BulleHn contains a list of

the new garden plants of the year 1891. The list includes,

besides the plants brought into cultivation for the first time

in 1 89 1, the most noteworthy of those which have been re-

introduced after being lost from cultivation. Other plants in

the list have been in gardens for several years, but either were

not described or their names had not been authenticated till

recently.

In their Irish Education Bill the Government propose that a

large proportion of the funds at their disposal for the improve-
ment of national education in Ireland shall be spent for the

benefit of the teachers, who as a class have hitherto been too

much neglected. The rest of the amount will be devoted to a

capitation grant, and to the freeing of all schools in which the

fees do not exceed six shillings a year per child. Attendance
at elementary schools, if the Bill becomes law, will be com-

pulsory in Irish towns, but in rural disiricts it will be open to

the people to accept or reject compulsion as they may think fit.

The National Association for the Promotion of Technical

and Secondary Education has issued an appeal to the electors of

the London County Council on the subject of technical in-

struction. As everyone interested in technical education knows,
London has devoted to the relief of the rates the whole of its

share of the grant obtained from the proceeds of the beer and

spirits duties. This has been done in direct opposition to the

wish of Parliament
; and the Association has no difficulty in

showing that the grant will be continued only if it is used for

the purposes to which the House of Commons intended it to be

applied. It may be hoped that the appeal will be widely read,
and that voters will perceive that it deals with a matter by which
their interests must sooner or later be vitally affected.

The principal article of interest to meteorologists in the

American Meteorological Jourttal for January is by A. L.

Rotch, on the mountain meteorological stations of the United
States. At the present time the only stations in operation

throughout the year are the Lick Observatory, in California,
and the Blue Hill Observatory, in Massachusetts. That on
Mount Washington {6280 feet above the sea) was established in

1870, and partially closed in 1887 ; during the three following

years it was opened during the summer months only. At no
other station in the world was such severe weather experienced,
as the highest wind velocity often occurred with the lowest

temperature. During a storm in February 1876, when the

temperature fell to -
50°, a wind velocity of 184 miles an hour

was recorded. In foggy weather the frost formed upon the

anemometer cups in such quantity as to break off the arms.

The observations at this station have been much lessened in

value, owing to their not being published in detail, and to the

want of a low-level station for comparison. The Blue Hill

Observatory is only 640 feet above the sea, and was opened in

1885. The hourly values for five years have been printed in the

Harvard College Observatory. For several years hourly ob-

servations of clouds have been made, with a view to benefit

weather predictions. The Observatory on Pike's Peak, Colorado

(14,134 feet), was built in 1873, and for fifteen years was main-
tained by the Signal Service. It was closed in 1888, and the

observations have been published in the Annals of the Harvard

College Observatory. The average annual temperature was

19°, and the extremes 64° and -
39°. Pike's Peak is remark-

able for its electrical storms. When the air is moist, and
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generally when snow is falling, sparks emanate from the fingers

of the outstretched hands
;
but the station was only once struck

by lightning. The Lick Observatory is on Mount Hamilton,

4300 feet above the Pacific Ocean, which is plainly visible from

the summit. Fragmentary observations have been made at

various other stations, the most important of which were those

by Prof. Langley, on Mount Whitney, California, in 1881,

which have served to change the theory of the nature of the

heat received from the sun, and to show that the sun is much

hotter than had been supposed. The article is accompanied by

photographic illustrations of several of the stations.

Electricity is being applied to a novel use in the U.S.

Navy. Four electric fans have been placed by the Crocker

Wheeler Company in the turrets of the powerful iron vessel

Miantonomah, the intention being that they shall blow away
the smoke from the guns.

An interesting compound of carbon with the metal barium,

possessing the composition CaBa, is described by M. Maquenne
in the current number of the Comptes rendus. It may be con-

sidered, perhaps, as an acetylide of barium—that is, a compound
formed by the replacement of the hydrogen of acetylene, CoH„,

by metallic barium. For immediately it is brought in contact

with water pure acetylene gas is evolved with great rapidity.

M. Maquenne has obtained the new substance by the direct

action of metallic barium, employed in the form of an amalgam

consisting of one part barium and four parts mercury, upon

powdered retort-charcoal. Upon distilling such a mixture in a

current of hydrogen, when the mercury had been expelled and

the temperature attained redness, an energetic reaction was

found to occur between the barium and the carbon, with pro-

duction of the new carbide or acetylide. The hydrogen took no

part in the reaction, and M. Maquenne has subsequently found

that it may be replaced by nitrogen ;
the latter, however, being

less advantageous, inasmuch as the carbide produced is then

admixed with more or less cyanide. The new substance, as

obtained when hydrogen is employed to furnish the atmosphere,

consists of a grey, friable mass, which remains quite unaltered

when heated to bright redness. The moment, however, it is

thrown into cold water it is decomposed, with a rapid effer-

vescence of a gas which possesses the odour of acetylene, burns

in the air with a luminous flame, precipitates a red substance

resembling acetylide of copper from an ammoniacal solution of

cuprous chloride, and, in short, possesses all the properties of

acetylene. M. Maquenne adds that the acetylene thus obtained

is remarkably pure. The reaction with water may be expressed

by the equation
—

CoBa -f 2H2O = C2H0 + Ba(0H)2.

Barium acetylide would appear to be analogous to the com-

pounds obtained by M. Berthelot by heating the metals of the

alkalies in a current of acetylene, and also to the acetylide of

calcium prepared by Wohler. The direct formation of this

substance from barium and carbon, together with its reaction

with water, afford another mode of synthesizing acetylene, which

M, Maquenne considers to be of interest from the point of view

of the formation of the natural hydrocarbons. He considers it

probable that other metals possess this same property of forming

acetylides under the influence of high temperatures. If, there-

fore, as M. Berthelot has attempted to show, it is a fact that

acetylene forms the primary material, or starting-point, for the

formation of other hydrocarbons, it is quite possible that such

compounds of metals with carbon, upon coming in contact with

water under conditions of more or less pressure, may give rise

to the production of the immense stores of natural hydrocarbons,
such as those which exist in the petroleum wells of Russia and

the New World.
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The additions to the Zoological Society's Gardens during the

past week include a Sykes's Monkey ( Cercopithecus albigiilaris ? )

from East Africa, presented by Mr. G. N. Wylie ;
a Beatrix

Antelope {^Oryx beatrix ? ), an Indian Gazelle {Gazella bennetti)

from Arabia, presented by Lieut. -Colonel Talbot
;
a Goshawk

{Asttir pabunbarius), European, presented by Captain Noble ;

a Common Quail {Cottirnix communis), European, presented

by W. K. Purnell
;
a Hybrid Goose (between Anser cineretis

and A. brachyrhynchtis), captured in Holland, presented by
Mr. F, E. Blaauw, C.M.Z.S. ; a Gould's Monitor {Varanus

gouldi), a Stump-tailed Lizard {Trachydosaurus rugosus) from

New South Wales, presented by Mr. T. Hellberg ;
a Chub

{Leucisctis cephahcs), British fresh waters, presented by Mr.

H. E. Young ;
two Yaks {Poiphagus grtinniens 6 9) from

Tibet, three Gigantic Salamanders {Megalobati-achtts maximus)
from Japan, deposited ;

an Azara's Agouti {Dasyproda azarce),

a Pucheran's Hawk {Asttirina pucherani), a Sulphury Tyrant

(Piiangus sulphuratus), two Short-winged Tyrants {Machetornis

rixosa) a Brown Milvago {Milvago chimango), an Orange-billed

Coot [Fiilica leucopterd), a Cayenne Lapwing ( Vanellus cayen-

nensis), six Rosy-billed Ducks {Metopiana peposaca 3 d 3 ? )

from South America, purchased ; an American Bison [Bison

americanus (, ) from North America, received in exchange ; a

Gayal {Bibos frontalis ? ), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
The Solar Disturbance OF iSqi.June 17.— In the October

number of the Observatory Mr. H. H. Turner publishes an article

on the luminous outburst on the sun observed by M. Trouvelot on

June 17, and recorded in these columns on July 9. The disturbance

was of such an unusual character that M. Trouvelot hazarded the

suggestion that it was possibly accompanied by perturbations of

the magnetic elements. Mr. Whipple was good enough to look

over the Kew curves to see if they showed any such variations,
and a negative result was obtained. Mr. Turner, however,
after an examination of the Greenwich records has succeeded in

finding "a very minute, though unmistakable, disturbance at

almost precisely the time noted by Trouvelot. . . . The
disturbance is smaller than many others on the same day,

although the day itself wa-; very quiet : but it differs from
others in its abruptness, which is clearly shown in all three

curves. The change in declination is only about l', and in H.F,
C'ooos of the whole H.F." Diagrams illustrating these fluc-

tuations accompanied Mr. Turner's paper. It seemed strange
that the Kew and the Greenwich records should differ in their

indications, so a iurther enquiry was sent to Mr. Whipple, who
replied as follows :

—"
I have again referred to the curves of June

17, 1 891, and fail to find any trace of what can by any means
be termed to be a magnetic disturbance at the time in question—

accepting Sabine's interpretation of a magnetic disturbance

(see Phil. Trans, vol. cliii., p. 274), and so avoiding loose ex-

pressions. According to the Observatory, October 1891,
Father Sidgreaves is quite of our opinion as to the case in

point." The evidence in favour of a magnetic disturbance

simultaneously with Trouvelot's observation is thus not very

strong.

Photography of Solar Prominences.—In a communica-
tion to the Paris Academy on February 8, M. Deslandres
described some new results obtained by him in the photography
of solar prominences. The object of the research was to photo-

graph the spectra of prominences further into the ultra-violet

than had previously been done. In July of last year, M.
Deslandres, following Prof. Hale, succeeded in photographing
the spectra to \ 380. He has now been able to obtain negatives

upon which the spectrum extends from K 410 to A 350. In order
to obtain this result, a siderostat with a mirror 8 inches in

diameter has been employed to project the sun's image, a
Rowland grating has been used to produce the spectra, and the

lenses of the observing telescope have been made of quartz.
The photographs show eight bright lines of the ultra-violet

hydrogen series, and it is believed that observations made from
an elevated station would lead to the detection of the remaining
two. The line a little more refrangible than hydrogen a (A 388),
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is also recorded upon the plates. Photographs have been taken
of the spectra of spots and faculse. The calcium lines at H and K
often appear bright upon them, and are always stronger than
the hydrogen lines. But no new facts appear to have been
discovered in this direction of work.

On the Variation of Latitude.—Dr. S. C. Chandler
has published a series of papers on the variation of latitude, in

the Astronomical yournat bom "bJo. 248 to No. 251. The general
result of a wide discussion indicates a revolution of the earth's

axis of inertia about that of rotation from west to east, with a
radius of 30 feet measured at the earth's surface, in a period of

427 days.

NON-EUCLIDIAN GEOMETRY.^

"pVERY conclusion supposes premisses ; these premisses
themselves are either self-evident and have no need of

demonstration, or can only be established by assuming other

propositions ; and as we cannot continue this process to infinity,

every deductive science, and especially geometry, must rest on
a certain number of axioms which cannot be demonstrated.
All treatises on geometry therefore commence with the enuncia-

tion of these axioms. But a distinction must be made between
them : some—such as this for example,

" Two quantities that are

equal to a third quantity are equal to one another
"—are not

geometrical propositions, but are analytical ones. I regard
them as analytical a priori judgments, and as such I will not

discuss them. But I must insist on other axioms which are

special to geometry. Text-books for the most part state them

very explicitly :
—

(1) Only one straight line can be drawn between two points.

(2) A straight line is the shortest distance between two points.

(3) Only one straight line can be drawn through a point

parallel to a given straight line.

Although the demonstration of the second of these axioms is

generally dispensed with, it would be possible to deduce it from
the other two, and from those, of which the number is more
considerable, that we admit explicitly without stating them, as

I shall explain in the sequel.
Efforts have also for a long time been made without success

to demonstrate the third axiom, known under the name of the

postulatum d'Euclide. The amount of trouble that has been
taken in that chimerical hope is truly beyond imagination.

Finally, at the commencement of the century, and almost

simultaneously, Lowatchewski and Bolyai, two men of science,
a Russian and Hungarian respectively, established, in an irre-

futable manner, that such a demonstration was impossible ; tbey
have very nearly rid us of the inventors of geometries without

postulates : since their time the Academy of Sciences only
receives annually one or two new demonstrations.

The question was still not settled
;
soon a great step was

made by the publication of the celebrated memoir of Riemann,
entitled

" Ueber die Hypothesen welche der Geometrie zum
Grunde liegen." This small treatise has inspired the majority
of recent works, of which I will make mention subsequently,
and among which must be mentioned those of Beltrami and
Helmholtz.

The Geometry of Lowatchewski.—If it were possible to deduce
the postulatum d'Euclide from the other axioms, it would

evidently happen that in denying the postulate and admitting
the axioms, we should be led to contradictory results ; it

would then be impossible to base a coherent geometry on such

premisses.
But this is precisely what Lowatchewski has done. He

supposes in the first place that—
' ' Several straight lines can be drawn through a point parallel

to a given straight line.
"

And he moreover retains all the other axioms of Euclid.

From these hypotheses he deduces a series of theorems among
which it is impossible to detect any contradiction, and he
constructs a geometry the faultless logic of which is not inferior

to that of the Euclidian geometry.
The theorems are, certainly, very different from those to

which we are accustomed, and they disconcert us a little at first.

Thus, the sum of the angles of a triangle is always less than

two right angles ; and the difference between this sum and two

right angles is proportional to the surface of the triangle.

' Translation of an article that appeared in the Revue Gin^rale des

Sciences, No. 23, by M. H. Poincar^.
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It is impossible to construct a figure similar to a given figure,

but of different dimensions.

If a circle be divided into n equal parts, and tangents
be drawn to the points of division, these n tangents will meet
and form a polygon, provided that the radius of the circle

be small enough ; but if this radius is sufficiently large, they
will not meet. It is useless to multiply these examples ; the

propositions of Lowatchewski have no longer any connection

with those of Euclid, but they are not less logically connected

together.
The Geometry of Riemann.—Let us imagine a world peopled

only with beings deprived of thickness ; and let us suppose that

these animals,
"

infinitely flat," are all in one plane, and are not

able to get out of it. Let us admit, further, that this world is

removed sufficiently from others to be free from their influence.

As we are making these assumptions, we may as well endow
these beings both with reasoning powers and the capacity of

founding a geometry. In this case they would certainly attribute

to space only two dimensions.
But let us suppose, however, that these imaginary animals, all

still devoid of thickness, have the form of a portion of a spherical

figure, and not of a plane one, and are all pn one and the same

sphere without being able to leave it. What geometry would they
construct ? It is clear at once that they would only attribute to

space two dimensions : that which will play for them the part of

the straight line will be the shortest distance between two

points on the sphere
—that is to say, an arc of a great circle ;

in

a word, their geometry would be spherical geometry.
What they will call space will be this sphere which they

cannot leave, and on which occur all the phenomena of which

they can have any knowledge. Their space then will be without

limits, since on a sphere one can always go forward, without

ever coming to an end, and nevertheless it will be finite
—one

will never find the limit, but one can make the circuit of it.

In fact, the geometry of Riemann is spherical geometry
extended to three dimensions. To construct it, the German
mathematician had to throw overboard not only the postulates
of Euclid, but even the first axiom : Only one straight line can
be drawn between two points.
On a sphere only one great circle in general can be drawn

through two given points (which, as we have just seen, would

play the part of the straight line to our imaginary beings) ; but
to this there is an exception ; for, if the two given points are

diametrically opposed, an infinite number of great circles can
be made to pass through them.

In the same way, in the geometry of Riemann, only one

straight line in general can be drawn between two points ; but
there are exceptional cases where an infinite number of straight
lines can be drawn between them.
There is a kind of opposition between the geometry of

Riemann and that of Lowatchewski.

Thus, the sum of the angles of a triangle is—
Equal to two right angles in Euclid's geometry.
Less than two right angles in that of Lowatchewski.
Greater than two right angles in that of Riemann.

The number of parallels that can be drawn to a given straight
line through a given point is equal

—
To one in the geometry of Euclid.

To zero in that of Riemann.
To infinity in that of Lowatchewski.

Let us add that the space of Riemann is finite although without

limit, in the sense already given to these two words.

Surfaces of Constant Curvature.—There was, however, one
possible objection. The theorems of Lowatchewski and of
Riemann present no contradiction, but, however numerous the

consequences which these two geometers have drawn from their

hypotheses, they were compelled to stop before they had ex-

hausted all of them, for the number would be infinite : who can

say, therefore, that, if they had carried their deductions further,

they would not finally have found such contradictions ?

This difficulty does not exist for the geometry of Riemann,
provided that it is limited to two dimensions

; for, in fact, the

geometry of Riemann for two dimensions does not differ, as we
have seen, from spherical geometry, which is only a branch of

ordinary geometry, and consequently outside all discussion.

M. Beltrami, in considering in the same way the two-dimen-
sional geometry of Lowatchewski to be only a branch of

ordinary geometry, has equally refuted the objection in this

case.

This he has done this in the following manner :
—Consider on

a surface any figure. Imagine this figure, traced on a flexible

and inextensible cloth, to be laid on this surface, in such a way
that when the cloth is moved and changes its shape, the various
lines of this figure can change form without altering their length.
In general this flexible and inextensible figure cannot leave its

place without quitting the surface ; but there are certain par-
ticular surfaces for which a similar movement would be possible ;

these are the surfaces with constant curvature.

If we resume the comparison that we previously made, and

imagine beings without thickness living on one of these surfaces,

they will regard the movement of a figure all of whose lines

preserve a constant length as possible. A like movement, on
the other hand, would appear absurd to animals without thick-

ness living on a surface whose curvature was variable.

These surfaces of constant curvature are of two kinds :
—

Some are of positive cuivature, and can be so deformed as to

be laid on a sphere. The geometry of these surfaces becomes
then spherical geometry, which is that of Riemann.

Others are oi negative curvature. M. Beltrami has shown that

the geometry of these surfaces is none other than that of

Lowatchewski. The two-dimensional geometries of Riemann
and Lowatchewski are thus found to be re-attached to Euclidian

geometry.
Interpretation of Non-Euclidian Geometries.—Thus the ob-

jection disappears as regards geometries of two dimensions.
It would be easy to extend M. Beltrami's reasoning to

geometries of three dimensions. The minds which space of

four dimensions does not repel will see here no difficulty ; but

they are few. I prefer, then, to proceed otherwise.

Let us consider a particular plane that we will call funda-

mental, and construct a kind of dictionary, making a double
series of words, written in the two columns, correspond each to

each, in the same way that the words of two languages, having
the same signification correspond in ordinary dictionaries :

—
Space

Plane

Right line

Sphere
Circle

Angle

Distance between
tivo points

&c..

Portion of space situated above the funda-

mental plane.

Sphere cutting orthogonally the funda-

mental plane.
Circle cutting orthogonally the fundamental

plane.

Sphere.
Circle.

Angle.

^Logarithm of the anharmonic ratio of

these two points and the intersections

, of the fundamental plane with a circle

I passing through these two points and
"

cutting it orthogonally.
&c.

Let us take, then, the theorems of Lowatchewski, and translate

them by means of this dictionary, as we should translate a
German text with the aid of a German-French dictionary. We
shall obtain then the theorems of ordinary geometry.

For example, this theorem of Lowatchewski—" The sum of
the angles of a triangle is less than two right angles

"—is trans-

lated thus :

"
If a curvilinear triangle has for its sides the arcs

of a circle which if prolonged would cut orthogonally the
fundamental plane, the sum of the angles of this curvilinear

triangle will be less than two right angles." Thus, however
far one pushes the results of the hypotheses of Lowatchewski,
one will never be led to a contradiction. Indeed, if two of
Lowatchewski's theorems were contradictory, the translations of
these two theorems, made with the help of our dictionary, would
also be contradictory ; but these translations are theorems of

ordinary geometry, and everyone agrees that ordinary geometry
is free from contradictions. Whence comes this certainty,
and is it justified? This is a question that I cannot treat here,
but which is very interesting, and, as I believe, soluble. The
objection that I have formulated above no longer then exists.

But this is not all. The geometry of Lowatchewski, sus-

ceptible of a concrete interpretation, ceases to be a frivolous

logical exercise, and is capable of application : I have not the
time to mention here either these applications or the use that

M. Klein and myself had made of them for the integration of

linear equations.
This interpretation, moreover, is not unique, and one could

construct several dictionaries analogous to that given above, and
by which we could by a simple "translation" transform the
theorems of Lowatchewski into theorems of ordinary geometry
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Implicit Axioms.— Are then the axioms explicitly enunciated

in treatises the only foundations of geometry ? One can be

assured to the contrary when one sees that, after having succes-

sively abandoned them, there still remain some propositions
common to theorems of Euclid, Lowatchewski, and Riemann.
These propositions ought to rest on some premisses, as geometers
admit, although they do not state them. It is interesting to try

to liberate them from classical demonstrations.

Stuart Mill has made the assertion that every definition

contains an axiom, since, in defining it, the existence of the

object defined is implicitly affirmed. This is going too far : it

is seldom that one gives a definition in mathematics without

following it by the demonstration of the existence of the object

defined, and when it is omitted, it is generally because the

reader can easily supply it. It must not be forgotten that the

word existence has not the same sense when it is the question of

a mathematical creation as when we have to do with a material

object. A mathematical creation exists, provided that its

definition involves no contradiction either in itself or with the

properties previously admitted.

But if Stuart Mill's remark cannot be applied to all definitions,

it is none the less true for some of them.
A plane is sometimes defined in the following manner :

—
The plane is a surface such that the straight line which joins

any two points in it lies altogether in the surface.

This definition manifestly hides a new axiom : we could, it is

true, alter it, and that would be better, but then it would be

necessary to enunciate the axiom more explicitly.
Other definitions give place to reflections no less important.
Such is, for example, that of the equality of two figures : two

figures are equal when they can be superposed ;
to superpose

them it is necessary to displace one until it coincides with the

other ; but how must it be displaced ? If we ask, we should be
answered that it ought to be done without changing its shape,
and in the manner of an invariable solid. The ' '

reasoning in a

circle
" would then be evident.

In truth, this definition implies nothing. It would have no

meaning for a being who lived in a world where there were only
fluids. If it seems clear to us, it is that we are accustomed to

the properties of natural solids that do not differ greatly from
those of ideal solids whose dimensions are all invariable.

Meanwhile, however imperfect it may be, this definition

implies an axiom.
The possibility of the movement of an invariable figure is not

a truth evident by itself, or at least it is only one in the same

way as the posttilatum (fEticlide, and not as an analytical a

priori judgment would be.

Moreover, in studying the definitions and the demonstrations
of geometry, we see that one is obliged to admit, without de-

monstrating it, not only the possibility of this movement, but

even some of its properties.
This results, first of all, from the definition ofthe straight line.

Many defective definitions have been given, but the true one is

that which is understood in all the demonstrations where the

straight line is in question :

"
It may happen that the movement of a constant figure is

such that all points of a line belonging to this figure remain
immovable while all the points situated outside this line are

displaced. Such a line will be called a straight line."

We have in this enunciation purposely separated the definition

from the axiom that it implies.
Several proofs, such as those relating to the equality of

triangles which depend on the possibility of letting fall a perpen-
dicular from a point on a line, assume propositions that are

not enunciated, since we must admit that it is possible to carry
a figure from one place to another in a certain manner.

The Fourth Geometry.
—Among these implicit axioms, there

is one which seems to me worth mentioning, not only because it

has given rise to a recent discussion,^ but because in abandoning
it, one can construct a fourth geometry, as coherent as those of

Euclid, Lowatchewski, and Riemann.
To demonstrate that we can always raise from a point, A, a

perpendicular to a straight line, AB, a straight line, AC, is con-

sidered movable round the point A, and in the first instance

coinciding with the fixed line AB
;
and it is made to turn

round the point A until it lies in the prolongation of AB.

' See MM. Renouvier, Lechalas, Calinon, Revue Philosophique, June
1889 ; Critique Philosophique, September 30 and November 30, 1889 ; Revue
Philosophique, 1890, p. 158. See especially the discussion on the

"
postulate

of perpendicularity."
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We thus assume two propositions : first, that such a rota-

tion is possible, and then that it can be continued until the two
lines are in one straight line.

If the first point be admitted, and the second rejected, we
are led to a series of theorems still more curious than those of

Lowatchewski and Riemann, but equally free from contradiction.

I will quote only one of them, and that not the most singular :

A true straight line can be perpendicular to itself.

The Theorem of Lie.—The number of implicit axioms intro-

duced in classical demonstrations is greater than it need be, and it

would be interesting to reduce them to a minimum. We can
ask ourselves, in the first place, if this reduction is possible, if

the number of necessary axioms, and imaginable geometries is

not infinite.

M. Sophus Lie's theorem dominates all this discussion : it can
be thus stated :

—
Let us suppose that the following premisses are admitted :

—
(1) Space has « dimensions.

(2) The movement of an invariable figure is possible.

(3) To determine the position of this figure in space, / con-

ditions are necessary.
The number of geometries compatible with these premisses ivill

be limited.

I can even add that, if n be given, a higher limit to / can be

assigned.

If, then, the possibility of movement be admitted, only a

finite number (and that a restricted one) of geometries can be

invented.

The Geometries of Riemami.—However, this result seems

to be contradicted by Riemann, because this investigator con-

structed an infinite number of different geometries, and the one

which generally bears his name is only a particular case.

Everything depends, he says, on the way in which we define

the length of a curve. But there are an infinite number of ways
of defining this length, and each of these can become the starting

point of a new geometry.
That is perfectly true ;

but most of these definitions are in-

compatible with the movement of an invariable figure, which is

supposed possible in Lie's theorem. These geometries of

Riemann, so interesting on many grounds, can only then remain

purely analytical, and do not lend themselves to demonstrations

analogous to those of Euclid.

The A'ature of Axioms.—Most mathematicians regard the

geometry of Lowatchewski only as a simple logical curiosity ;

some of them, however, have gone further. Since several

geometries are possible, is it certain that ours is the true- one?

Experience, doubtless, teaches us that the sum of the angles of

a triangle is equal to two right angles ;
hut this is only because

we operate on too small triangles ; the difference, according to

Lowatchewski, is proportional to the surface of the triangle ;

will it not become sensible if we work with larger triangles, or

if our means of measurement grow more accurate ? Euclidian

geometry would only then be a provisional geometry.
To discuss this question, we ought in the first instance to

inquire into the nature of geometrical axioms.

Are they synthetical conclusions a priori, as Kant used to

say?
They would appeal to us then with such force, that we could

not conceive the contrary proposition, nor construct on it a

theoretical edifice. There could not be a non-Euclidian

geometry.
To convince oneself of it, let us take a true synthetical a

/rzVi conclusion ; for example, the following :
—

If an infinite series of positive whole numbers be taken, all

differentfrom each other, there will always be one number that

is smaller than all the others.

Or this other, which is equivalent to it :
—

If a theorem be truefor the number I, and if it has been shown

to be true for n + 1, provided that it is true for n, then it will

be truefor all positive whole numbers.

Let us next try to free ourselves from this conclusion, and,

denying these propositions, to invent a false arithmetic analogous
to the non-Euclidian geometry. We find that we cannot; we
shall be even tempted in the first instance to regard these conclu-

sions as the results of analysis.

Moreover, let us resume our idea of the indefinitely thin

animals : surely we can scarcely admit that these beings, if they
have minds like ours, would adopt Euclidian geometry, which

would be contrary to all their experience.

Ought we, then, to conclude that the axioms of geometry are
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experimental truths? But we do not experiment on straight
lines or ideal circles

; only material objects can be dealt with.
On what would depend, then, the experiments which would
serve to found a geometry ? The answer is easy.We have seen above that one argues constantly as if

geometrical figures behaved like solids. That which geometry
would borrow from experience is therefore the properties of
these bodies.

But a difficulty exists, and it cannot be overcome. If

geometry were an experimental science, it would not be an exact
science—it would be liable to a continual revision. What do I

say? It would from to-day be convicted of error, since we
know that a rigorously invariable solid does not exist.

Geometrical axioms, therefore, are neither synthetic a priori
conclusions nor experimetttalfacts.
They are conventions : our choice, amongst all possible con-

ventions, is guided by experimental facts ; but it remains free,
and is only limited by the necessity of avoiding all contradiction.
It is thus that the postulates can remain rigorously true, even
when the experimental laws which have determined their

adoption are only approximate.
In other words, axioms ofgeometry (I do not speak of those of

arithmetic) are only definitions in disguise.
This being so, what ought one to think of this question : Is

the Euclidian geometry true ?

The question is nonsense.
One might just as well ask whether the metric system is true

and the old measures false ; whether Cartesian co-ordinates
are true and polar co-ordinates false ; whether one geometry
cannot be more true than another—it can only be more con-
venient.

Now, Euclidian geometry is, and will remain, the most
convenient :

—
(i) Because it is the simplest ; and it is not so simply on

account of our habits of thought, or any kind of direct intuition
which we may have of Euclidian space ; it is the most simple
in itself in the same way as a polynomial of the first order is

simpler than one of the second.

(2) Because it agrees sufficiently well with the properties of
natural solids, those bodies which come nearer to our mem-
bers and our eye, and with which we make our instruments of
measurement.

Geometry and Astronomy. —The above question has also been
stated in another way. If the geometry of Lowatchewski is

true, the parallax of a very distant star would be finite ; if that
of Riemann be true, it would be negative. Here we have
results which seem subject to experience, and it has been hoped
that astronomical observations would have been able to decide
between the three geometries.

But what one calls a straight line in astronomy is simply the
trajectory of a ray of light. If then, as is impossible, we had
discovered negative parallaxes, or shown that all parallaxes
are greater up to a certain limit, we should have the choice
between two conclusions :

—
VVe could renounce Euclidian geometry, or modify the laws of

optics, and admit that light is not propagated strictly in straight
lines.

It is useless to add that everyone would regard the latter
solution as the more advantageous.

Euclidian geometry, then, has nothing to fear from new
experiments.

Let me be pardoned for stating a little paradox in con-
clusion :

—
The beings which had minds like ours, and who had the

same senses as we have, but who had not received any previous
education, might receive conventionally from an exterior worid
choices of impressions such that they would be led to construct
a geometry different from that of Euclid, and to localize the
phenomena of this exterior worid in a non-Euclidian space, or
even in a space of four dimensions.
For us, whose education has been formed by our real worid,

if we were suddenly transported in this new one, we should not
have any difficulty in referring the phenomena to our Euclidian
space.

Anyone who should dedicate his life to it could, perhaps,
eventually imagine the fourth dimension.

I fear that in the last few lines I have not been very clear. I
can only be so by introducing new developments ;

but I have
already been too long, and those whom these explanations might
interest have read their Helmholtz.
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Desiring to be brief, I have affirmed more than I have proved :

the reader must pardon me for this. So much has been written
on this subject, so many different opinions have been put
forward, that the discussion of them would fill a volume.

W. J. L.

SOCIETIES AND ACADEMIES.
London.

Royal Society, February it.—"The Rdle played by Sugar
in the Animal Economy : Preliminary Note on the Behaviour of
Sugar in Blood." By Vaugban Harley, M.D.

This communication was to show that the causes why the
whole amount of added sugar can seldom be recovered from blood
are threefold. Firstly, the imperfections in the as yet known
methods of analysis. Secondly, the different ways in which the
albumens of the blood behave themselves while coagulating; some
coagulating in the form of firm clots, which retain the saccharine
matter in their interstices, rendering it impossible to extract all

the sugar from them by washing ; others separating as loose,
flocculent curds, from which the sugar can be regained with

comparative facility. While, thirdly, as bacteria were distinctly
ascertained to have nothing to do in the matter, and yet the loss

of the sugar added to the blood is in every instance distinctly pro-

gressive—according to the period of time the sugar is left in

contact with the blood before the analysis is begun
—Dr.

Vaughan Harley considered himself justified in saying that there
must exist in the normal blood itself a sugar-transforming agent.
This he described as an enzyme ; but refrained from going
into any further particulars regarding it until his researches upon
the subject are more advanced.
He gave tables of the results of his experiments, and compared

them with those recently published by Schenk, Rohmann, and
Seegen ; showing that while the percentages of the sugar
regained by the first observer ranged from 20 to 55 per cent., and
those recovered by the two last experimenters fluctuated between
80 and 96 per cent., in his three different series of experiments,
where different methods of analysis were employed, the percent-
ages of the added sugar regained ranged respectively between 85
and 100

; 92-9 and 99*3 ; and 947 and 99*9 per cent.

Mathematical Society, February 11.—Prof. Greenhill,
F. R.S., President, in the chair.—The following communica-
tions were made :

—On the logical foundations of applied
mathematical sciences, by Mr. Dixon. He maintained the

importance of distinguishing in all sciences between what is

dependent on verbal conventions and what is not. He thus

distinguished between that part of the meaning of a term which
is laid down as its definition, and the part which remains to be
discovered as a consequence of the definition. So also sciences

might be divided into purely symbolic sciences, which being
based on definitions alone conveyed no real information ; sub-

jective sciences, which deal with concepts and objective
sciences, which deal with actual things. He then stated the
conditions under which a set of assertions might be arbitrarily
laid down as the definition of a term

; and applied these condi-
tions to show that Newton's three laws of motion could be

regarded as a definition of the term force, that if this was
done there could no longer be any discussion as to whether or
not force alone is sufficient to account for the movements of
matter. The anomaly that we are apparently able to determine
directions absolutely, though we can determine positions only
relatively, was explained, and a formal proof of all the

elementary theorems of mechanics, including the principle of
virtual work, might be deduced.—Note on the inadmissibility
of the usual reasoning by which it appears that the limiting
value of the ratio of two infinite functions is the same as the
ratio of their first derived, with instances in which the result

obtained by it is erroneous, by Mr. Culverwell.—On Saint
Venant's theory of the torsion of prisms, by Mr. A. B.

Bass-!, F.R.S.

,
Dublin

Royal Society, January 20.—Prof. W. N. Hartley, F.R.S.,
in the chair.—Reports on the zoological collections made by
Prof. Haddon in Torres Straits, 1888-89 = the Hydrocorallinse,
by S. J. Hickson. The specimens described are a female stock
of Stylaster gracilis, Distichopora violacea, and Millepora
Murrayi. Some of the smaller colonies of Distichopora are

bright orange in colour, others vandyke brown, and the larger
ones are deep purple with pale yellowish tips. The author
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believes that the differences in colour mean a difiference in age
and sexual condition. The smallest colonies are not sexually
mature, the brownish have male ampulla;, and the oldest stocks

are violet in colour, and are apparently female. In any case,
the colour of Distichopora can no longer be regarded as the

principal character for specific definition.—Sir Howard Grubb,
F. R.S., exhibited and described a 4-inch equatorially-mounted
refracting telescope of novel construction, in which the right
ascension and declination circles were situated at the eye end
of the telescope itself, instead of, as usual, on the polar and
declination axes ; thereby rendering the working of the

instrument most convenient for the observer. The circles at the

eye end of the telescope are connected by gearing to the polar
and declination axes ; but Sir H. Grubb described the method by
which the "loss of time," and other errors, consequent on

gearing, were almost totally eliminated, and the readings rendered

quite sufficiently accurate for all ordinary purposes to which such
a telescope would be put.

—The first part of a memoir on the

fossil fishes of the Coal-measures of the British Islands, by
Mr. James W. Davis, was communicated by the Honorary
Secretaries of the Society.

Paris.

Academy of Sciences, February 15.
—M. d'Abbadiein the

chair.—On a new method of organic analysis, by M. Berthelot.

The method consists in heating the compound in oxygen under
a pressure of 25 atmospheres in a calorimetric bomb. Com-
bustion is total and instantaneous, and therefore differs from
that which appertains to the use of copper oxide.—On the

employment of compressed oxygen in the calorimetric bomb, by
the same author.—Action of alkaline metals on boric acid :

critical study of the processes used in the preparation of

amorphous boron, by M. Henri Moissan. The general result of

the investigation is that when an alkaline metal acts on boric

acid the reaction that occurs is accompanied with considerable

heat, and, on account of the elevation of temperature, the

greatest part of the boron set free combines with the excess of

alkali, and with parts of the metal vessel used for the experi-
ment. When this is afterwards washed out with water and

hydrochloric acid, a mixture of boron, boride of sodium, boride
of iron, boron hydride, nitride of boron, and hydrated boric
acid is obtained after desiccation. This mixture is said to have
the same composition as the substance which has hitherto been

regarded as amorphous boron. M. Moissan will describe a
method of preparing amorphous boron in a future paper.

—
Experimental researches on the transmissibility of cancer, by M.
Simon Duplay.

—The temporary star in Auriga, by M. G.

Rayet, On February 10 and il the star appeared to M.
Rayet to be orange-yellow or pale yellow. Its spectrum was
examined by means of the 14- inch equatorial fitted with a spectro-

scope. It appeared to be continuous, the red and violet

portions being comparatively bright. Four bright lines were
seen in the green, and their wave-lengths were determined as

518, 501, 493, and 487.
—Extension of Lagrange's equations to

the case of sliding friction, by M. Paul Appell.
—On the dis-

tribution of prime numbers, byM. Phragmen.—On the measure
of high temperatures ; reply to M. H. Becquerel, by M. H.
Le Chatelier.—Remarks on the surface tension of liquid
metals ; a reply to a note by M. Pellat, by M. Gouy .

—
Variation, with temperature, of the dielectric constant of

liquids, by M. D. Negreano. Experiments on benzine, toluene,
and xylene, between 5°and 45° C. , indicate that thedielectric con-
stant diminishes with increase of temperature.

—On the influence

exercised on electro-magnetic resonance by an unsymmetrical
arrangement of the long circuit along which the waves are pro-
pagated, by MM. Blondlot and M. Dufour. The experiments
show that the wave-length, measured by means of a resonator,
is independent of the dissymmetry of the two wires which
transmit the electro-magnetic undulations.—The propagation of
electric waves studied by a telephonic method, by M. R. Colson.—Magnetic perturbation of February 13 and 14, by M.
Moureaux. The disturbance was first indicated on the magneto-
graph of the Pare Saint-Maur Observatory at 5h. 42m. on
the morning of the 13th inst. The declination and horizontal

force curves suffered a simultaneous rise, while the vertical com-

ponent decreased. The most important phase of the perturba-
tion occurred between li p.m. and 2 a.m. ; and about 5 p.m.
of the 14th the elements had returned to their normal value.

The disturbance in declination amounted to 1° 25', and the

horizontal and vertical components varied respectively more
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than tjY and -gV of their normal value.— Observations of

atmospheric electricity, made by means of a captive balloon, by
M. E. Semmola.—On the determination of the state of dissolved
salts from a study of contraction, by M. Georges Charpy.—On
some properties of bismuthic acid, by M. G. Andre.—On a
carbide of barium, by M. Maquenne. (See Notes.)—Trans-
formation of aromatic amines into chlorinated hydrocarbons, by
MM. Prud'homme and C. Rabaut.—On the

, principles which

accompany chlorophyll in leaves, by M. A. Etard.—Improve-
ment of the culture of industrial and fodder potatoes in France :

results of the season 1891, by M. Aime iGirard.—Contribu-
tions to the study of unplastered wines, by M. H. Quantin.—On the assimilation of carbohydrates, by M. Hanriot.—On
the presence of numerous diatoms in the Cretaceous of the Paris

basin, by M. Cayeux.—On the existence of zeolites in the
calcareous Jurassic rocks of Ariege, and on the dissemination of
these minerals in the Pyienees, by M. A. Lacroix.

Amsterdam.

Royal Academy of Sciences, January 30.
—Prof, van de

Sande Bakhuyzen in the chair.—Prof. Pekelharing spoke of the

composition of the fibrin ferment. When oxalated blood-plasma
is diluted with water and treated with acetic acid till moderate
acid reaction, the precipitate consists chiefly of a substance which
is soluble in alkali, in an excess of acid, and in neutral salt-

solutions, and from which, by the action of pepsin-hydrochloric
acid, is split off a nuclein—a substance that thus must be con-

sidered as a nucleo-albumin. This nucleo-albumin acquires, com-
bined with lime, all the properties of fibrin ferment. It is very
probable that this nucleo-albumin issues from the corpuscles of

the blood.—Prof. Max Weber gave some results of his investi-

gations of the fresh-water fauna of the islands of Sumatra, Java,
Flores, Celebes, and Saleyer. Among the Crustacea, the

Entomostraca are not essentially different from European forms.

Isopods are only represented by marine species : Ichthyoxenus,
Tachcca, Rocinela, and Bopyridse. Amphipods are extremely
rare, and only Orchestia was found. Nearly 70 species of

Decapods were collected, out of which 33 are living also in

brackish and sea water. It could be proved thnt immigration
out of the sea into the rivers had taken place. An account was

given of the life-history of Ichthyoxenus Tellinghausii.
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DEEP-SEA DEPOSITS.

Report on the Scientific Results of the Voyage of H.M.S.
''^

Challenger^'' during the Years 1873-76, under the

command of Captaiti George S. Nares, R.N., F.R.S.,

and the late Captain Frank Tourle Thomson, R.N.

Prepaied under the Superintendence of the late Sir C.

Wyville Thomson, F.R.S., and now of John Murray,

LL.D., Ph.D., &c., one of the Naturalists of the Ex-

pedition. Report on Deep-Sea Deposits^ based on the

Specime7ts collected during the Voyage. By John

Murray, LL.D., Ph.D., and the Rev. A. F. Renard,

LL.D., Ph.D., Professor of Geology and Mineralogy in

the University of Ghent. Pp. xxix. and 496 ;
with 43

Charts, 22 Diagrams, and 29 Lithographic Plates.

(London : Published by Order of Her Majesty's Govern-

ment, 1 89 1.)

GEOLOGISTS
have had to wait long for this very

important work, but now that it lies before them,
we believe that the general verdict will be that it was

worth while to wait even sixteen years for a monograph
so excellent in design and so complete in execution. It

must not be forgotten, too, that much of the information

contained in this volume has been already given to the

scientific world—first in Mr. Murray's Prehminary Report
on the subject, published in the Proceedings of the Royal

Society ;
and secondly in a series of papers written by

him in conjunction with Prof. Renard, and published in

the Proceedings of the Royal Society of Edinburgh.
It is a most fortunate circumstance that the naturalist

on board the Challenger, who had charge of the collection,

examination, and preservation of the samples of the de-

posits collected by the sounding-apparatus and the dredge,
as well as of those obtained by means of the tow-nets

and tangles, has been able during the long period that

has elapsed since the return of the vessel to England, to

devote his attention to their careful study and description.

In the work of dealing with this vast mass of materials,

as the preface informs us, Mr. Murray has had the co-

operation of Mr. Frederick Pearcey, who accompanied
the Expedition, and was afterwards assistant in the

Cliallengcr Office, and also of Mr. James Chumley.

Especially fortunate has been the circumstance that Sir

Wyville Thomson and Mr. Murray were, in 1 878, able

to secure the aid of the eminent Belgian petrographer.
Prof. Renard, who is so great a master of those micro-

scopic methods of research which have played no unim-

portant part in the development of geological science

during recent years. In the exact determination of the

minute fragments of minerals which occur in these de-

osits, Prof. Renard's knowledge of the optical and

chemical methods of microscopic research has proved
of especial value ;

and the assurance that, during several

months in the years 1881 and 1882, the Belgian petro-

grapher was able to devote himself to the work of in-

vestigating these deposits will invest the mineralogical
determinations with an authority which they could not

otherwise possess.

The introduction to the work consists of an excellent

summary of the references contained in various authors,
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beginning with Herodotus, Plato, and Skylax, to the

supposed nature of the sea-bottom. The sagacious re-

marks on the subject by the Italian naturalists, who were

the real founders of the science of geology in the fifteenth

century, receive appreciative notice
;

and the earliest

attempts to deal with the deposits of the deep seas, espe-

cially those of Soldani, Ehrenberg, Sir Joseph Hooker,
Edward Forbes, and Prof. J. W. Bailey, have full re-

cognition. The important memoir of Prof. W. C.

Williamson on the mud of the Levant is noticed
;
but

the authors seem to be scarcely aware how many of the

later discoveries in this branch of science were fore-

shadowed in the remarkable monograph of the Man-
chester Professor. A general account of the results

obtained by the chief expeditions fitted out for the study of

the deep ocean and its deposits
—

expeditions which 'pre-

ceded and followed that of the Challenger
—leads up to

a division of marine deposits into
"
Terrigenous

" and
"
Pelagic," a classification which, if not too rigidly

applied, appears to be serviceable and even necessary.
The first chapter is devoted to the various methods of

obtaining, examining, and describing deep-sea deposits,
and here the general arrangements made on board the

Challenger, which are familiar to most readers from the

description given by Sir Wyville Thomson in his "
Voyage

of the Challenger," and the narrative volumes of the Re-

port, receive very full and exhaustive treatment. The

precise account of the apparatus, illustrated as it is by
numerous woodcuts, cannot fail to be of great value to

those engaged in fitting out similar expeditions. The
study of the methods employed in the sifting, fractional

decantation, and chemical examination of the several

deposits is essential to the proper understanding of the

results detailed in succeeding chapters of the work.

The methods of analysis employed by Prof. Brazier at

Aberdeen, and by MM. Renard, Sipocz, Hornung, and

Klement, in the laboratory of Prof. Ludwig, of Vienna,
and in M. Renard's laboratory at Brussels, are given in

full detail, and will prove of great service when the

results described in the present volume come to be

compared with those of future investigators.
The second chapter consists of a series of synoptical

tables, occupying 114 pages, in which the nature and

composition of every deep-sea deposit collected during
the voyage of the Challenger is described. In each case
the number of the station, the date, the latitude and

longitude, the depth in fathoms, the temperature at the

surface and the bottom are given ; and these particulars
are followed by (i) a general description of the material

brought up ; (2) the percentage of calcium carbonate
;

(3) a list of the chief Foraminifera present ; (4) an enu-
meration of the other calcareous organisms ; (5) the per-

centage of insoluble residue
; (6) a list of the siliceous

organisms ; (7) of the minerals
; (8) a description of the

fine washings ;
the last column being devoted to addi-

tional observations. These synoptical tables are followed

by a discussion of the variation of the deposits with

change of conditions along the different lines of soundings
and dredgings. This general summary of the results,
which occupies 36 pages of the work, constitutes an
admirable rhumc of the information contained in the

tables.

Chapter iii. is devoted to the description of recent

T
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marine formations and the different types of deep-sea

deposits : their composition, geographical and bathy-
metrical distribution. All marine deposits which are not
"
Littoral," or formed between high- and low-water marks^

or
" Shallow-water," a term which the authors limit to the

interval between low-water mark and a depth of loo

fathoms, are classified in this work as deep-sea deposits.

They include Coral Mud, Volcanic Mud, Green Mud, Red

Mud, and Blue Mud (which are classed as Terrigenous De-

posits, formed in deep and shallow water close to land-

masses), and the Pteropod ooze, Globigerina ooze. Diatom

ooze, Radiolarian ooze, and Red Clay (which are grouped
as Pelagic Deposits, formed in deep water removed from

land). In the case of each of these deposits the proportions
and characters of the organic and inorganic materials

are given, and the results of a large number of chemical

analyses, some of which are now published for the first

time, are discussed. Perhaps one of the most interesting

of the many valuable discussions contained in this

chapter is that which deals with the proportions of the

ocean-floor covered by different kinds of deposits. A
map (Chart I.) is devoted to an attempt to illustrate the

nature of the ocean-floor over the whole of the globe, and

we cannot resist the temptation of quoting the general

estimate to which the authors have been led by their

laborious and patient researches. These results are

based not only on the collections made during the

Challenger Expedition, but on many obtained before and

since, which have all passed through the hands of the

authors ; they include the materials brought up in no

less than 1600 soundings from the Atlantic, 300 from the

Indian Ocean, and 400 from the Pacific, all from depths

exceeding 1000 fathoms. It is evident, therefore, that the

map and estimates, though admittedly only approximate,
are based on a mass of data such as has never been

brought together before.

The total area of the surface of the globe is estimated

at 196,940,700 square miles, of which dry land occupies
about 53,681,400 square miles, and the waters of the

ocean 143,259,300 square miles. The approximate extent

of the areas of the sea-floor occupied by each type of

marine deposits is given as follows :
—

55 H

a (-1

H

< o
w a
0- c

Mean depth
in

fathoms.
"

Littoral Deposits
" —

..

Shallow Water Deposits
—

..

r Coral Mud 740 1..

j

Coral Sand 176/..

j

Volcanic Mud ... 1033 1..

,1
Volcanic Sand . . 243 / . .

j

Green Mud 513 |
..

. Green Sand 449 j ..

j

Red Mud 623
I Blue Mud 141 1 ..

Pteropod ooze ... 1044 ..

Globigerina ooze ... 1996
Diatom ooze ... 1477
Radiolarian ooze ... 2894 ..

Red Clay 2730 .,

Area in

square
miles.

62,500
10,000,000

2,556,800

600,000

850,000

100,000

14,500,000

400,000
49,520,000
10,880,000

2,290,000

51,500,000

Some of the most striking results, which make them-

selves apparent from a study of this estimate and the

accompanying chart, are the very wide distribution of

the Foraminiferal ooze and the red clay in the Atlantic

and Pacific respectively ;
and the remarkable manner in

Avhich the deposits of vegetable origin replace those
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composed of the remains of animals on the bottom of the

Antarctic Ocean.

Chapter iv., dealing with the materials of organic

origin, is, we are informed in the preface, entirely from

the pen of Mr. Murray. The Reports of the late Mr.

H. B. Brady, of Prof Haeckel, and of Count Castracane,
on the Foraminifera, the Radiolarians, and the Diatom-

aceas brought home by the Challenger Expedition, have

already supplied naturalists with the means of drawing

many important deductions
;
but Mr. Murray still finds

much to say on the subject, which is not only new, but

of very great interest. In the couple of pages devoted

to the description of those curious and abundant organ-
isms the Coccospheres and Rhabdospheres, which Mr.

Murray here refers without doubt to the Calcareous

Algae, we could have wished that he had been able to

announce that he had succeeded in inducing some com-

petent botanist to undertake the study of the material

brought home. One of the most important discussions

in this chapter is that on the disappearance of calcic

carbonate in the deeper deposits. The estimate made

by Mr. Murray of the mean percentage of calcic car-

bonate in the different deposits, as the result of a large

number of chemical analyses, is as follows :
—

Coral Mud and Sand

Pteropod ooze

Globigerina ooze
Diatom ooze

Blue Mud and other Terrigenous \
deposits ... ... ... J

Red Clay
Radiolarian ooze ...

Percentage of CaCOs-
86-41

79-26

64-53
22*96

19*20

6-70

4*01

The facts cited by Mr. Murray, on the authority of

Mr. John Rathay (p. 282), on the ease with which the

remains of the Diatomaceae are dissolved, are of especial

importance to the geologist who is called upon to explain

the origin of the silica now forming nodules and bands

in beds of limestone, and which he is tempted to refer

entirely to the larger organisms like Siliceous Sponges,

because remains of these are sometimes preserved. All

the observations made in the existing deep seas, how-

ever, point to the conclusion that the minute Diatoms

and Radiolarians play a much more important part in

separating the soluble silica from sea-water than do the

Siliceous Sponges.

Chapter v., dealing with the mineral substances found

in deep-sea deposits, is full of interest. The mineral

particles which are obviously derived from the solid crust

of the globe are first dealt with, and in the account of

the pumice, the basic volcanic glass, and the palagonite

of the deep-sea deposits, Prof Renard exhibits alike his

wide mineralogical knowledge and his skill in dealing

with microscopical and often obscure materials. The

coloured Hthographic plates illustrating this part of the

work, which have been drawn by Prof Renard, and

engraved in Vienna, are of wonderful beauty and fidelity.

A list of mineral particles detected in deep-sea deposits

is given, and includes all, or nearly all, the common rock-

forming minerals ; but it is admitted that, with respect to

the very minute particles in the finest washings, a con-

siderable margin of doubt must always exist regarding

their identification. We could wish that it were possible,

in the space at our command, to give a summary of the
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facts leading to the conclusion that materials of extra-

terrestrial origin play a not unimportant part in the

accumulations which are taking place on the deepest

ocean-floors. We can only call attention, however, to

the clear descriptions and admirable plates which illus-

trate this part of the subject. The exquisite drawings of

magnetic spherules and of chondre upon Plate xxiii.,

enable the reader to judge of the real nature of the evi-

dence relied upon, and an examination of these figures

cannot but remove any lingering doubt, as to the true

nature of these materials, from the minds of all those

who are familiar with the minute structure of meteorites.

The last chapter of the work deals with the chemical

products which are formed in situ upon the floor of the

ocean, and here, perhaps, the interest of the work for the

geologist culminates. We can only refer to the numerous

and interesting problems connected with the origin of the

red clay, the mode of formation of the glauconite-casts,

the source of the materials and the chemical processes in-

volved in the formation of the phillipsite and other zeolites,

the manganese-nodules, and the phosphatic and other

concretions. The 76 pages of text, and the admirable

drawings which illustrate this part of the subject, will

excite the interest of all students of the subject. They
enable the reader to form a clear idea of the forms and

structure of the remarkable manganese nodules, and of

the ear-bones, teeth, and other objects which, in a more

or less phosphatized condition, are strewn over the

deepest part of the ocean-floors. In an appendix is

given a report on the analysis of the manganese-nodules

by Dr. John Gibson, especial attention being directed to

the detection of the rarer elements by spectroscopic and

other methods. While traces of barium, strontium,

lithium, molybdenum, zinc, titanium, vanadium, and

thallium were found, caesium, rubidium, and the metals

of the cerium and yttrium groups were sought for in vain.

The quantitative analyses, as shown by the tabular state-

ments, would appear to have been e.\ecuted with every

modern refinement, and were carried out, by Prof. Crum
Brown's permission, in the Chemical Laboratory of the

University of Edinburgh. Another appendix contains

an account of the analyses which have been made of the

different varieties of deep-sea deposits.

In conclusion, we may point out that the work is worthy

of praise, not only for what it includes, but for what it

omits. The time has not yet arrived for a full discussion of

the geological bearings of many of the new and interest-

ing facts brought to light by the Challenger Expedition.

Theoretical discussions are, therefore, wisely kept, in the

monograph before us, within very narrow bounds. It is

evident that much of the work was written before the

publication by Messrs. Jukes-Browne and Harrison of

their interesting memoirs on the geology of Barbadoes,

and before the discovery of the Radiolarian-chert of Ayr-

shire and other districts. These discoveries, it is true, are

mentioned in footnotes, but have evidently had but little

influence in moulding the views of the authors. Few

geologists will be prepared to accept the views of Mr.

Murray, when he endorses the conclusion of M. Cayeux
that the white chalk should be classed as a terrigenous

deposit. But on this and other points the views of the

authors are stated with a commendable absence of dog-

matism, and a manifest desire to lay before readers of
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the work all the facts bearing upon the questions at issue,

even when they are manifestly hostile to the conclusions

adopted.
We cannot bring this notice to an end without con-

gratulating the editor of the Challenger Reports on

the nearly approaching close of his heavy labours.

Only by a worker gifted with unrivalled powers of

organization, as well as with indomitable energy, could

such a task have been brought to a successful termina-

tion. The mass of materials was so vast and multi-

farious, the interests involved in their distribution so

wide and often conflicting, while personal considerations

could not always be kept from exercising a disturbing

influence, that it is less surprising that criticism should

sometimes have been provoked, than that results so sub-

stantial, and, on the whole, satisfactory, should in the

end have been attained.

The present Report forms the last of the series of

splendid monographs in which the results of this famous

Expedition
—one which will be recorded in the history

of Science as perhaps the grandest concession to her

claims made up to the present time by the British or

any other Government—are fully recorded and discussed.

The final volume of the Challenger Reports, which, it is

stated, will probably be published in the course of the

present year, will contain lists of the organisms collected

at every observing station, with other details, in the

nature of a summary of results. John W, Judd.

PARASITIC FUNGI AND MOULDS.
British Fungi: Phycomycetes and Ustilaginece. By G.

Massee. (London: Reeve and Co., 1 891.)

IT
is a somewhat remarkable fact that no one has

hitherto written a book on the British Phycomycetes,

the common white moulds so often found growing on

decaying substances or in water, or as parasites of a

most destructive kind in various valuable plants ;
and the

opportunity thus afforded to the writer of the present

volume was a good one, of which, it is but fair to say, he

has taken considerable advantage. The Ustilaginea
of this country had already been treated by Mr. Plow-

right, but there are sufficient differences between the

works of the two authors to make Mr. Massee's book

none the less noteworthy on that account.

When we consider the great variety of " white moulds,"
such as Mucor, that infest all kinds of rotting fruits and

other vegetable debris, of parasites such as the Phytoph-
thora of the potato disease, and the Peronosporca which

destroy onions, vines, and other valuable vegetable pro-

duce, to say nothing of the Saprolegnia of the salmon

disease, the Pythiiim which decimates seedlings of all

kinds, and the Enipiisa which kills our house-flies in

autumn, and glues their dead bodies to the window-panes
—when we regard these and a host of other extraordinary

and important Phycoviycetous Fungi, it seems more and

more surprising that no one has compiled an intelligible

account of these things in this country ; yet so it is, and

the author of this little book of a couple of hundred of

pages of carefully, and, on the whole, pleasantly-written

matter, ought certainly to deserve the thanks of botanical

readers for undertaking the difficult task, and discharging

it as well as he has done.
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In reviewing the work there are two parts to be noticed,

and two points of view from which to criticize them : the

first fifty pages or so are concerned with a general

popular account of the morphology of Fungi in the wider

sense, while the remainder is devoted to the setting forth

of the British genera and species (so far as they have

been worked up) of the two groups specially dealt with.

The general account must strike a careful reader as not

only exhibiting a good deal of knowledge on the part of

a writer who is wishful to put it at the disposal of all who
care for it, and in a pleasant style ; but also as showing
what enormous advances have been made in the popular

exposition of these matters within the last few years.

When we look back to the systematic books on Fungi of

ten to fifteen years ago, they appear hopelessly dry and

uninteresting ; whereas here we have a compact, neat

little volume, with a store of interesting information

thrown in as an introduction to the more serious detailed

work which follows.

We do not mean to say that this part of the book is

without mistakes or slips, either of fact [e.g. the state-

ment on p. 49 regarding mutualism between Fungi and

Phanerogams) or judgment {e.g. the reference to

"phanerogamic Fungi" on p. ii). Moreover, there are

evidences of careless proof-reading, as at the foot of

pp. 41 and 42. But it is far more easy to pick small

holes in a book like this than to do proper justice to

what is good and useful in it ; and we prefer to dwell on
the more important positive points, than to emphasize
the fewer and more trivial drawbacks.

The more purely systematic part of the work shows
evidence of careful and conscientious industry, suggesting
constant reference on the part of the author to type-

specimens and authorities. Of course, it is not so inter-

esting to the general reader, but the diagnoses are so

clear, and so simply written, that we think any amateur

ought to be able to follow them with the object in hand
;

as for professional mycologists, they will probably wonder
that it could all be put so plainly

—at the same time, they
will suspect something is wrong with the German refer-

ence on p. 162, and will probably remark on the chapter
on "

Fossil Fungi." They may also inquire why Ustila-

ginece are taken with Phycomycetes. The author answers

this question on p. i6o : he follows Brefeld in regarding

Protomycetes as linking the two groups. The somewhat

antiquated method of obtaining sections, on p. 62, had
better have been omitted.

The most interesting points to the systematists will be

Mr. Massee's almost consistent alterations of Plowright's
authorities for the species of the UstilaginecB, and his

addition of one or two new ones—e.g. Ustilago salveii

(P- "^11)^ Doassansia comari (p. 198), and ProtoDiyces

Ptirpureo-tingens (p. 164) ; they will also notice the fusion

of some species kept apart by Plowright
—

e.g. on pp. 178
and 186—and the separation of the two species of Tuber-

chita, on pp. 203 and 204.

We note, also, that Massee has altered the name of

Trail's Entyloma matricaricc to E. Trailii, possibly on

good grounds ; but we think it a mistake to use such

specific names, here and elsewhere, seeing how much
Fungi are in need of useful distinctive appellations.
The figures on the six plates are fairly well drawn

and selected, and the references to them are useful and
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to the point. We have not tested the indices in detail,

but they are very well planned, and appear to be accurate.

On the whole, and without being blind to its faults, we
think this little book should be welcomed as a useful

manual on the subject, and should certainly be in the

hands of students of botany who wish to know something
of British mycology.

OUR BOOK SHELF.
A Treatise on the Geometry of the Circle., and some

Extensions to Conic Sections by the Method of Re-

ciprocation. With numerous Examples. By W. J.

M'Clelland, M.A. (London: Macmillan, 1891.)

This is a full book, written on the lines which previous
works by Irish mathematicians have made familiar to

us. The author acknowledges his indebtedness to the

writings of Mulcahy, Salmon, and Townsend. He has
also freely consulted the similar works by Cremona and

Catalan, and in his treatment of the recent geometry has
in many cases gone to the fountain-head in the memoirs
of Brocard, Neuberg, and Tarry. Though in parts pro-

ceeding on parallel lines with Casey's
"
Sequel," there is

a good deal of other matter not to be found in that work.

The writer's object is to give a concise statement of those

propositions which he considers to be of fundamental

importance, and to supply numerous illustrative examples.
Many of the exercises are worked out in an elegant

manner, and to the major part of the others useful hints

are given. Chapter i. is introductory ; chapter ii., in four

sections, is devoted to
" Maximum and Minimum "

;

chapter iii., also in four sections, rapidly touches upon
"Recent Geometry"; chapter iv. discusses the general

theory of the mean centre of a system of points ; and

chapter v. treats of collinear points and concurrent lines.

Chapters vi., vii., and viii. are concerned with inverse

points with respect to a circle, poles and polars (with

respect to a circle), and coaxal circles. In these chapters
will be found ample food for the student. Chapter ix.

gives an account of the theory of similar figures, and
here we specially notice the sketch of Neuberg's and

Tarry's researches on three similar figures. Circles of

similitude and of antisimihtude form the subject of

chapter x. Here some interesting problems are solved.

Inversion (chapter xi.), general theory of anharmonic
section (chapter xii.), involution (chapter xiii.), and double

points (chapter xiv.) close what must unhesitatihgly be
called a varied and ample menu. The work, being con-

fessedly to a great extent elementary, of course brings
before the reader much that is old

;
there is, however,

novelty in the treatment and also in the matter. There
is one feature we have omitted to mention, to which Mr.

M'Clelland draws attention, and that is the application of

reciprocation to many of the best known theorems by
means of which the corresponding properties of the conic

are ascertained. To go through all the examples would

occupy more time than we can spare, but we have

dipped into all parts and brought up good results. In

the text we have noted one slip: p. 60, 1. 12 up should

be TT — B. No doubt we have omitted to mark other

errata. The figures, which are white lines on a black

block, carry our thoughts back to old Cambridge days,
when we turned over the pages of our Miller's

"
Hydro-

statics." The geometer will find much to interest him in

Mr. M'Clelland's work.

Kaini's Account of his Visit to England on his Way
to America in 1748. Translated by Joseph Lucas.

(London : Macmillan and Co., 1892.)

Kalm was a well-known Swedish botanist and economist
of the eighteenth century. In 1747 he became Professor

of Economy at Abo, and in the same year the Swedish
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Government and Academy of Sciences commissioned
him to go to America, the object being that he should
describe the natural productions of that part of the

world, and introduce into Sweden any useful North
American plants which might be expected to thrive in

Northern Europe. Kalm reached England in February
1748, and remained there until August, when he started

for America. On his way back, in 1751, he visited this

country again, staying about a month. An account of
a portion of his travels he afterwards published in three
volumes. The part relating to America was translated
into English in the eighteenth century by J. Reinhold

Forster, but the author's account of England appears
now in English for the first time. The work is full of

interest, and was well worth translating. Kalm first

records his impressions of London and suburbs, and
then takes us successively to Woodford, Little Gaddes-

den, and Gravesend, each of which is made a centre for

a number of observations, chiefly in connection with

agriculture. To students of the history of agricultural
methods the work will be invaluable; but it will also give
pleasure to readers with a less serious purpose, for it

contains sugj^estive references to many aspects of Eng-
lish life, and the author always writes accurately and
with good taste. The translator has accomplished his

task with great spirit and intelligence.

LETTERS TO THE EDITOR.

\_Tke Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of iiATVRZ.
No notice is taken of anonymous communications.^

The University of London.

It is always a pleasure to read Mr. Thiselton-Dyer's expres-
sions of opinion oa University organizaiion. I have before
now joined my word to his in condemnation of Sir George
Younji's proposed "Albert" or "Gresham" Charter. Never-
theless, I must beg you to grant me space to point out some
inaccuracies in Mr. Dyer's letter in your columns of February
25 (P- 392), the purpose of which seems to be to give reason for

distrusting, or, at any rate, treating with little confidence, Uni-

versity organizations on the German or professorial model.
Mr. Dyer rightly enough appeals to his own early experience

as a teacher and student. It is therefore fair to point out that
this experience does not include a German University, and that
the conception of it sketched by him, and of a professor's rela-
tions to his pupils therein, is entirely erroneous. Mr. Dyer
cannot free his mind of the University of London tradition.
He regards the German as well as all Universities as organiza-
tions for bringing candidates up to a certain pitch of examina-
tion-room performance. This is not what a German University
attempts. The measure of its success is not what Mr. Dyer
would suggest, but is found in the contributions to science, the
new knowledge created by the profes>or and his students, and
in the spread of a love for producing such new knowledge.
Mr. Dyer attributes to Lord Sherbrooke a strange saying—
namely, that professors who examine their own students are

comparable to "tradesmen who sample their own goods." I

can hardly credit that Lord Sherbrooke ever said anything so

unmeaning. We have all heard the professor-examiner com-
pared to

" a merchant who brands his own herrings"
—but this

"sampling of his own goods" is a new charge.
Lastly, I must point out that Mr. Dyer, by inadvertence,

attributes to me a statement, or rather assent to a statement,
before the Royal Commission on the proposed new University
for London, which had exactly the opposite significance to that
which he gives to it. Mr. Dyer says that I admitted to Sir
William Thomson that "a teacher may, with judiciousness of

course, and with common-sense in his teaching, teach the best
that he knows" under the present University of London
system. I am glad to note that Mr. Dyer has looked at the
Blue-book. But if he had read more carefully he would have
seen that Question 662, by Sir William Thomson, was,

" Can an
examiner under the London system ask the best that he
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knows ?
" and that my answer was,

"
Probably not." Then Sir

William continued (Question 663) :
"
But, on the other hand,

a teacher may, with judiciousness, &c., teach the best that he
knows? '

to which I answered,
" Yes." Then said Sir William

(Question 664),
"
If he is examining his own pupils he may bring

into the examination something of the best and the newest ?
"

to

which 1 replied, "Certainly."
It is clear enough that Sir William Thomson's proposition,

to which I assented, was that, under the London system of
external examiners, an examiner cannot put questions involving
the best and newest ; yet a teacher may and should teach the

i
best and newest ; and if, contrary to the principle of the L')ndon

system, the examiner is the teacher, he can introduce with judg-
ment into the examination this element of the best and newest.

Mr. Dyer has not, it seems to me, yet mastered the dis-

tinctive features of the German or professorial University
system, and is, therefore, not a trustworthy guide as to its

advantages and disadvantages, E. Ray Lankester.

Superheated Steam.
A COMMUNICATION from Lord Rayleigh, under the above

heading, in Nature of February iS (p. 375), draws attention
to a misunderstanding which has been pointed out by me on

every occasion in the last twelve years when I have been ex-

plaining the thetaphi diagram in public, saying that "only the
heat which superheated had its efficiency increased, according to

the temperatures at which its respective portions were imparted
to the working substance." Mr. Willans has also been dissemi-

nating correct views regarding this point amongst those who
visit his engine-testing laboratory. The diagram given by me
in my paper on ihetaphi, in 1880, makes this very plain.

A/ Steam /
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and with superheating,

H.
E, =

\A + B A '

S-^A/'

S-A
2

S-A
S+A

1437 + -
5

- B

Numerical example. Say that A = 800°, B — 600°, S = 1000°.

Substituting these values, we get
—

E = •2301 without superheating,
Ej = "2389 with superheating.

That is, less than 4 per cent, is gained by superheating 200°.

So far, I support Lord Rayleigh's view, or, rather, he says
what I have been impressing upon engineers for the last twenty

years. If this had been all I had to say, I would not have

written now ; but Lord Rayleigh adds to his statement what is

to me an astounding announcement, that, "by the addition of

saline matters, such as chloride of calcium or acetate of soda,
. . . the possible efficiency, according to Carnot, may be in-

creased." I hasten to call this assertion into question, because

there are so many people ready to bring engines on new prin-

ciples into the field of joint-stock bubbles
;
and I am afraid we

may be having, quite apart from Lord Rayleigh, a new field

engine syndicated and floated on the strength of this communica-
tion and the signature thereto, before its meaning is understood.

As I understand thermodynamics there would be no gain from

superheating by a saline solution, over the usual method of

superheating steam raised from pure water. The saline mixture

is not the working substance. Carnot's law refers to the work-

ing substance only, and not to anything left in the boiler. The
first step in evaporation from the saline mixture is to separate a

particle of water from the salt. In the act of separation, the

temperature of the water particle falls to the temperature due
to the pressure, and at that temperature it is evaporated into

steam particles, which immediately become of the same tem-

perature as the saline mixture. These steps are followed by
every particle of water, each independently of every other par-
ticle. Of course, we cannot practically test those temperatures,
as the complete series is run through for each particle in a frac-

tion of the twinkling of an eye, and immersed in a liquid of

greatly higher temperature. A thetaphi diagram for this would

give, at B A, and extending upwards to temperature S, a very
narrow figure 8, whose loops are equal, and drawn, as in a

figure 8, one right-hand and the other left-hand. The line for

the reception of latent heat would be identically the same line,

the horizontal through A, as when the evaporation was from

pure water. It is evident, therefore, that, according to my
lights, the efficiency will be precisely the same as without the

salt in solution.

Some ten years ago this plan was submitted to me for my
opinion by an eminent mechanical engineer, Mr. S. Geoghegan,
who, I understood, had then patented it. The above is the
substance of the opinion I then expressed, and nothing I have
learned since induces me to change my view of it now.
The "complete elaboration of this method," hinted at in the

last paragraph of Lord Rayleigh's communication, is not clear

to my mind ; and it is just possible that a few sentences of

explanation would show me that I have been hitting away at

something that was not intended by the writer. If so, my
excuse must be that I have read the statement, as every prac-
tical engineer would, to mean that the latent heat is imparted
along the isothermal of the superheat. When I get to under-
stand the first sentence of the last paragraph of the communica-
tion, I may be able to confirm the anticipation of higher
economy. J. Macfarlane Gray.

The passage quoted by Lord Rayleigh from my book on the

steam-engine, in some remarks on this subject in your number
of the l8th inst. (p. 375), is taken from one of the earlier

chapters, which is devoted to engines which receive and reject
heat at constant temperature. When such an engine is used as

a standard of perfection, by comparison with which some other

engine is tried, it appears to me that the maximum and mini-
mum temperatures of the working fluid must in the first instance be

adopted as the temperatures of reception and rejection of heat ;

and in fact, without entering on questions reserved for discussion

in a later chapter, no lower value than the maximum could well

have been adopted. There is no doubt that the practice of com-
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paring together engines with different cycles has been a source

of considerable misapprehension, and very probably the language
used in the passage in question may be insufficiently guarded.
The use of superheated steam on this method of comparison is

not a gain, but a considerable loss, for the heat might ideally all

have been used at the maximum temperature, and is so used in

the standard of comparison.
The practical case in which the boiler pressure is given is, of

course, quite different. There is a gain by superheating, but,

putting aside cylinder condensation, the gain is small, because

such a small percentage of the heat is employed at temperatures
above that of the boiler.

The process was originally introduced with the object of

drying the steam and diminishing cylinder condensation ; and
now that the practical difficulties attending its use have been in

great measure removed (as I am informed), by the employment
of mineral oil for lubricating purposes, it may be hoped that it

may be revived, and be the means of a considerable economy.
The action of superheated steam in a cylinder was explained

and its economy experimentally demonstrated by Hirn some
fifteen or twenty years ago. I have given the explanation briefly
on p. 352 of my book, but I purposely avoided discussing ques-
tions relating to it, being of opinion that, in the present state of

our knowledge, theoretical investigations are of doubtful value.

I am certainly, however, under the impression that the true

nature of the economy obtained by its use has for a long period
been very generally recognized, though some writers in dealing
with the theory of heat engines may have expressed themselves

incautiously. It would, I think, be very desirable, in teaching
the subject, to introduce as early as possible the idea of a mean

temperature of supply. I have dwelt on the importance of this

conception in the latter part of my book, and I am sure its.

introduction would remove many difficulties.

Greenwich, February 24. James H. Cotterill.

Lord Rayleigh's interesting communication on superheated
steam in your last issue (p. 375) leads me to ask whether it is

generally known that solutions can be heated up to temperatures

higher than 100° by passing into them steam at 100°.

The late Peter Spence at the Exeter meeting of the

British Association in 1869 called attention to the fact

that by simply passing steam at 100° directly into a strong
solution of nhrate of soda (other salts will of course answer)
it was possible to raise the liquor to its boiling-point, about 121°.

Superheated steam is frequently used for heating up liquors in

chemical processes on the large scale, but where a slij^ht dilu-

tion is no disadvantage, the simpler operation of heating with

ordinary low pressure steam might be adopted more generally
than it is. Spence used steam in this way for the purpose of

extracting sulphate of alumina from alum shales.

G. H. Bailey.
The Owens College, Manchester, February 22.

Poincare's "Thermodynamics."
Permettez-moi de repondre en quelques mots a I'article que

M. Tail a consacre a ma thermodynamique, non que je veuille

prendre la defense de mon imprimeur, ou refuter des reproches

generaux, contre lesquels ma preface proteste suffisamment.

J'abuserais ainsi de votre hospitalite et de la patience de vos

lecteurs ; je me bornerai done a discuter une seule des critiques
de M. Tait, et je choisirai celle que ce savant parait regarder
comme la plus importante et qu'il a formulee avec le plus de

precision. Je commence par en reproduire le texte :
—

" Even the elaborate thermo-electric experiments of Sir W.
Thomson, Magnus, &c., are altogether ignored. What else can

we gather from passages like the following?
—

" '
. . . Si I'effet Thomson a pu etre mis en evidence par

I'experience, on n'a pu jusqu'ici constater I'existence des forces

electromotrices qui lui donnent naissance. . .

'"

Rappelons d'abord que, dans I'etude des phenomenes elec-

triques et thermiques qui se produisent au contact de deux

metaux, il faut soigneusement distinguer trois choses :
—

(i) Le phenomene calorifique connu sous le nom d'eflfet

Peltier. Dans le cas d'un metal unique mais inegalement

chauffe, le phenomene correspondant s'appelle effet Thomson
et se manifeste par un transport de chaleur.

(2) La difference de potentiel vraie ou force electromotrice de
contact.

(3) La force electromotrice apparente ou difference de poten-
tiel entre les couches d'airvoisinesde la surface de deux metaux.
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L'effet Thomson a ete mis en evidence par I'experience. M.
Tait croit qu'il en est de meme de la difference de potentiel
vraie.

Ou la phrase que j'ai citee plus haut n'a aucun sens, ou elle

signifie qu'il me blame d'avoir dit le contraire.

Or cetle maniere de voir ne soutient pas un instant d'examen.
Nous n'avons aucun moyen de mesurer la difference de potentiel
vraie.

Les methodes electrostatiques ne nous font connaitre que la

difference de potentiel apparente ; les methodes electrodyna-

miques ne nous font connaitre que la somme des forces electro-

motrices vraies dans un circuit yi'rw/.
Enfin les methodes indirectes, fondees sur I'ecoulement ou

sur les phenomenes electrocapillaires, ne sont pas applicables
dans le cas qui ncus occupe. H. Poincare.

The Theory of Solutions.

It seems that, unfortunately, the period of misconceptions,
whose victim the theory of solutions is, has not yet ended. For,
after an explanation from my side of the theory of solutions as

I understand it, Mr. J. W. Rodger, my critic, asserts (Nature,
p. 342) that "

it cannot be admitted that a number of exact rela-

tionships constitutes a theory." From his further remarks, it

must be concluded that he designates by the name theory what
I would name a hypothesis, and that, according to him, van 't

Hoff's application of the "
gaseous laws" to solutions involves

the hypothesis that there exists no interaction between the
solvent and the dissolved substance.

It was therefore in vain that I stated in my letter, in italics,

that many properties of the solutions, according to the new
theory, "caw be treated entirely independently of the question of a

possible interaction between the parts of the dissolved substance
and the solvent"

;
it was in vain that I pointed out that all the

laws concerning these properties are solely consequences of the
one law relating to the volume energy to be gained by making
up a solution. This law, whose expression is pv = RT, in its

various applications to solidification, vaporization, osmosis, &c.,
of solutions, is the issue of a great many special laws, the
whole of which I name the new theory of solutions. Such a

complex of laws, grouped around and derived from a main law,
is what I call a theory ; and if the theory, as in the present case,
is everywhere in accordance with experience, the main law is to

be regarded as correct. There is nothing of hypothetical nature
in this theory, for, if once the main law, pv = RT, is given (by
osmotic experiments or otherwise), all the special laws are

merely thermodynamical consequences of it. And, I repeat,
the main law involves no hypothetical assumption upon the
mutual role of solvent and dissolved substance, but is solely the
condensed expression of a great number of experimental facts

Mr. Rodger asks why I did not state clearly in my book that,
in my opinion, interactions between solvent and dissolved sub-
stance were possible. I can only reply that on suitable occasions
I have done so. Besides the sentences quoted by Mr. Rodger
himself, I have devoted (pp. 251, 252) half a page to the evi-

dence that considerable interaciions take place in salt solutions
on dilution. But as the existence of such interactions, as I

have shown, is of no consequence in the statement of the general
laws, I have treated them as secondary, however interesting
they may be as experimental facts, and I am more than ever

persuaded by this discussion that I was right in doing so. For
I have not written my book for readers prepossessed by some
non-existing chemical theory of solutions, but for such as wish

plainly to learn what is known about solutions.

Similar remarks are to be made as to the definition of solu-

tions as mixtures. Even in the case of interactions, if, e.g.,

hydrates are formed in a solution, the solution is finally a mix-
ture of the hydrates and the remaining solvent. For the con-

trary assumption—that the whole of the solvent is combined with
the dissolved substance, that, e.g., in a somewhat diluted solution
of common salt, there exist compounds, as NaCl + 1000 HgO—
is in such a degree at variance with all known facts that I did
not think it worth while to discuss such an idea.

Lastly, Mr. Rodger terms the application of the formula of
van der Waals to solutions as in general

"
highly questionable

"

and as
"
meaningless," if it is admitted that "

something of the
nature of a chemical reaction

"
between solvent and dissolved

substance may occur. Mr. Rodger may convince himself from

my book that this application is limited to cases in which I do
not suppose the occurrence of chemical reactions. The reasons
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of his doubts as to the validity of this application I cannot

remove, because he has not stated his reasons. But it may be

permitted to me to feel some doubts as to the validity of his

reasons. For no other than van der Waals himself has taken

up this very question, and has discussed (of course much more
fully than I was able to do) the application of his formula to

solutions, including also the case of interactions between the
substances. His papers on this subject are inserted in the

Zeitschrift fiir physikalische Cheviie, v. p. 133, and viii. p. 188 ;

and also in the Archives Neerlandaises of 1889 and 1891.

Leipzig, February 16. W. Ostwald.

A Lecture Experiment on Sound.

The following experiment may be of interest to your readers,
A piece of glass tubing is drawn out to a fairly, fine point, p,

attached by string crosswise to a short lath of wood, w, con-
nected by india-rubber lube to water-tap, and a jet of water
directed on to a tambourine, x.

A tuning-fork held in one hand is made to touch the lath held
in the other while vibrating, and the whole moved nearer to or

further from the tambourine.
At a certain distance the note of the fork will be produced on

the tambourine (this of course is not a new experiment).
While this was going on, the lath, jet, and fork were slowly moved
towards the tambourine, and I was able to sozmd the octave

below.

This showed that at a certain point the vibrations of the fork

were not individually capable of separating the fine stream into

drops, but that two complete vibrations did so ; thus half as

many drops per second were set free as there were vibrations
from the fork.

The fork gave C =512; the note on the tambourine was
C = 256.

Probably the drops at that stage were of a dumb-bell shape
—

since at a greater distance the actual note of the fork was

produced on the tambourine. Reginald G. Durrant.
The College, Marlborough, February 13.

The Formation and Erosion of Beaches, &c.

As you have more than once permitted me to discuss the

problem of sea-waves in your columns, I venture to point out
that in your interesting article on Signor Cornaglia's work on
sea beaches (p. 362), in your summary of the causes which affect

beaches, sand-banks, &c., you have omitted the very important
one of wind-raised surface currents. Sea-waves, tidal-currents,
and river-currents can be observed, and their effects recorded ;

but it is the occasional, irregular, and sometimes powerful wind-
raised current, prevalent during storms, which performs such
erratic feats, and deludes the unwary observer. For instance,
a beach may resist the sea for years, yet in a few hours it may
be stripped bare to the solid rock. Shells may be covering the
bottom a mile off shore, undisturbed by on-shore gales ; a

storm, with wind and waves apparently much the same as usual,

\ may sweep them all on shore. One beach will be invariably
kept clear of shells which will be found off shore, while
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another beach will have a constant supply, and for no obvious

reason.

The causes which affect the movement of sand and silt are so

numerous, and their resultant effects so well balanced, that if

one of the former be increased or diminished the combined
result may be completely reversed. I have just come across an

interesting instance. For more than twenty years I kept a

6-ton boat in the tidal harbour here, where, when at her moor-

ings, she took the ground in all weathers twice a day without

any damage whatever. Since the erection of the new harbour

arm, the silt has been cleared out of the harbour, leaving a hard

bottom, and the coxswain of the lifeboat informs me that a
boat moored in my old berth sprung a leak in a few days and
had to be removed. The mode of accumulation of sand on the

Torre Abbey beach is also changed in character. I cannot

but think that it is a pity experiments are viewed with dis-

favour. The Torquay inlet and harbour works were eminently

adapted for reproduction in an experimental tank. The then

local surveyor, who had practically planned the new works, was
anxious to carry the experiments out. We had begun to con-

sider the details of the tank, when my intended colleague told

me that superior authority
' ' did not favour

"
the idea, and it was

useless to proceed further.

I am now informed by practical seafaring men that the pre-
sent plan must ultimately be amended, and clearly at considerable

cost. Whether this be so or not, the question could have been
decided in a tank in a few minutes, at the cost of, say, £,1^-
The experimental tank for waves playing upon beaches was the

suggestion of the late Mr. W. Froude, C.E., F.R.S. ; so it is no
mere fad of ah unprofessional outsider.

Southwood, Torquay, February 19. A. R. Hunt.

Torpid Cuckoo.

In the last volume of Nature (vol. xliv. p. 223) an account
is given by "E. W, P." of a cuckoo which was brought up in

a house, and which disappeared one day in November, and was
found in the following March on a shelf in the back kitchen,
"still alive, and asleep, with all its feathers off, and clothed

only in down, the feathers lying in a heap round the body."
It is rather interesting to note that Aristotle, who firmly be-

lieved that some birds hybernate, seems to have come across
cases of birds in a similar condition. In his

"
History of

Animals" (Book viii., chap, xviii.), he says, "Many kinds of
birds also conceal themselves, and they do not all, as some
suppose, migrate to warmer climates

;
but those which are near

the places of which they are permanent inhabitants, as the kite
and swallow, migrate thither ; but those that are farther off

from such places do not migrate, but conceal themselves ; and
many swallows have been seen in hollow places abnost stripped
of feathers ; ... for the stork, blackbird, turtledove, and
lark hide themselves, and by general agreement the turtledove
most of all, for no one is ever said to have seen one during the
winter. At the commencement of hybernation it is very fat,
and during that season it loses its feathers, though they remain
thick for a long while." I have adopted the translation in
Bohn's edition. The italics are mine.

A. HOLTE Macpherson.
51 Gloucester Place, Hyde Park, W., February 22.

A Swan's Secret.

Now that the breeding-season for birds is coming near, it

would be interesting to note if the following sight I saw last

spring is common to swans. A pair of swans built on an
island on the River Wey, which runs through our grounds, and I

stood on the bank opposite their nest, and watched for a view
of the cygnets, which were just hatched out. The male bird

presently picked up an empty half egg-shell lying beside the

nest, and carefully carried it to the edge of the water, some
20 feet from where the nest was built, and proceeded to
fill it with mud, and then pushed it into the river, where it

sank to the bottom. He then fetched the only other remaining
piece of shell, and did the same. On returning to his nest the
last time, he placed a few sticks across the small track he had
made, as if to conceal his actions. Evidently this process had
been done to each piece of shell, as no other pieces were to be
seen, although five cygnets were hatched out.

Jessie Godwin-Austen.
Shalford House, Guildford, February 22.
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A Simple Heat Engine.
Me. Frederick Smith described in Nature of January 2S

(p. 294) a simple healing machine, which he constructed with a
nickel disk, so that when heated before a magnet it began to
revolve. A similar heating machine was shown by Prof. Dr. T.
Stefan, Vice-President of ihe Imperial and Royal Academy in

Vienna, in the course of a lecture to his students, among whom I

was, in the year 1885. A memoir on it appeared in the publica-
tions of the above-named Society. The machine was thus con-
structed : nickel plates were fixed on a wheel, like that of a

water-mill, and a magnet was placed before it. By heating a
nickel plate before the magnet, it was repul-ed by the magnet, and
a succeeding plate was attracted, so that the wheel commenced
to rotate.

So_
much I thought it necessary to communicate about the

priority of such a heating machine.
Konstantin Karamate.

Buccari next Fiume, Austria, Nautical School,

February 18.

New Extinct Rail.

\_Telegrain.\

I HAVE just obtained from the Chatham Islands a nearly
perfect sub-fossil skull of an extinct Ocydromine rail, closely

resembling the Mauritian Aphanapteryx, five and quarter inches-

long, beak arched, slender, very pointed, for which I propose
the specific name Haivkinsi. Henry O. Forbes.

Canterbury Museum.

ON A RECENTDISCOVERY OF THE REMAINS
OF EXTINCTBIRDS IN NE IVZEALAND.

A DEPOSIT of moa bones, larger than has been found
-^*- for many years, has just been discovered near the
town of Oamaru, in the province of Otago, in the South
Island of this colony. Their presence was indicated by
the disinterring of a bone during the ploughing of a

field, by the proprietor of which the circumstance was
communicated to Dr. H. de Lautour, of Oamaru. This

gentleman, who is well known through his papers-on the

diatomaceous deposits discovered by him in his district,
at once inspected the spot. Finding that the deposit was

large, he first secured, through the kindness of the pro-

prietor, the inviolability of the ground, and then tele-

graphed the information to the Canterbury Museum. I

lost no time in proceeding to Oamaru with one of my
assistants, and superintended the diggingout of the bones
in a systematic manner. The site of the deposit was at

Enfield, some ten miles to the north-west of the town, on

ground elevated several hundred feet above the level of the

sea, in a shallow bayleted hollow, into which the unbroken
surface of the expansive slope gently descending from the

Kurow hills to the open vale of the Waireka (a stream
that rises further to the west) has sunk here for some 7 to 8

feet below the general level, and which, proceeding with

a gentle gradient valleywards, becomes a ditch-like con-

duit for a tributary of the Waireka. In the centre of this

depression, which does not exceed 10 to 12 yards in width,
the ground was of a dark brown colour, damp and peaty.
On removing the upper layer of soil for a depth of 3 to 4
inches round where the bones had first been brought to

the surface, and whereon was strewn abundance of small

crop-stones, a bed of very solid peat was reached, and

firmly embedded in it were seen the extremities of

numerous Dinorms bones, most of them in excellent pre-

servation, though dyed almost black. P^urther digging
showed that certainly many of the skeletons were com-

plete, and had been but slightly, if at all, disturbed since

the birds had decayed. Owing, however, to the close

manner in which they were packed together, and espe-
cially in which the limbs were intertwined, it was rarely

possible to extricate the bones in the order of their rela-

tions, or to identify with certainty the various bones of

the same skeleton, each bone having to be extracted as
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the circumstances of the moment directed. In many
cases, again, only the pelvis and femora could be traced
in situ, the vertebras and remaining leg-bones being in-

distinguishable in the general agglomeration. It seemed
evident that the birds had not died in an erect posture,
but more probably with their limbs bent under them or

in the same plane with the body. In some instances,
beneath the sternum were found, lying quite undisturbed,
.the contents of the stomach, consisting of more or less

triturated grass mingled with crop-stones. The quantity
of these smoothed,rounded (chiefly white quartz) pebbles

—
in size from about that of a bean to that of a plum—
mingled with the bones was enormous, and would, if col-

lected, have formed more than a cart-load. Except where
the bones were, there were no pebbles of any sort, no
small stones nor even sand, anywhere around. The
nearest place where pebbles of the same composition are
to be found is, I was informed, several miles distant.

Four trenches, or pits, in all, were sunk. The dimen-
sions of the first, which was excavated entirely in peat,
did not exceed 3 feet square and 3* to 4 feet in depth.
When it was exhausted of its treasure, a second search
was made about 20 to 25 feet higher up the hollow. The
dimensions of this pit extended to about 7 feet square and
to the same depth as the first. Two more trenches, a few
feet apart, were dug at about 30 yards still further up the

depression. They were not so large as the other two,
but they extended down to about the same depth, 34 to 4
feet, the bottom of both being (as it was in the second) a
bluish clay, with which, in the pit furthest up, was sparingly
mingled a small deposit of the finest silt. In the first pit

portions of both Cnej/iiornis and Hapagornis bones were
found in abundance, and remains of several hundreds of
moas of all ages. It was from the second pit, however,
that the largest deposit of moa bones was obtained, and
the most perfect specimen of food remains from beneath
a sternum. Here, also, numerous bones of the giant
buzzard and of the great extinct goose were exhumed,
and a cranium as large as, if not slightly larger than, that of

Otemiornis, but of a species with complete bony orbits,
as in the Cape Barren goose, and indistinguishable from

Cercopsis. IBones from other parts of New Zealand, now
in my possession, which I hope shortly to describe, in-

dicate with certainty that several species of Cnemiornis

formerly existed in this colony. .Some of these bones are
remarkable for their slender elegance, and indicate

species less in size and lighter in build than Cnemio7'nis
calcitrans. Among the bones so far examined, I have ob-
served no remains oiAptornis, of Ocydromus, or of Notor-
nis; but I possess an adult tibia of a rail smaller than

Porphyria vielanotus, yet larger than any other existing
New Zealand species. The tarso-metatarsus of a species
oiA?ias, about the size ofAfiasJi/isc/ii, the metatarsus and
sternum of Aptctyx Oweiii, and crania of A. ausiralis, are

among the bones recovered at Enfield, in addition to the
metatarsus of a Biziura, somewhat larger than Biziura
lobata, the musk duck of Australia, an interesting species
for which I have proposed the name of Biziura de Lau-
fouri, after the gentleman to whom I am indebted for the

acquisition of these bones. There are still other bones
which I have not yet been able to identify. The Dinornis
remains belong chiefly to the species clephantopus (of

unusually large proportions), to ingetis, and to rheides.

Very fine specimens of pelves and sterna have been ob-

tained, with numerous crania more or less perfect. In
this second trench the excavation penetrated through the

peat into a bluish clay charged with water (which was,
indeed, reached in all the diggings at about 4 feet below
the surface), and into this clay the bones just protruded,
but no more. The osseous remains dug from the last

two holes belonged to the same species as those from the
others. Digging and probing the ground beyond the
boundaries of the trenches showed us that we
had exhausted their contents

; while the probing of
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the ground in the neighbourhood for a consider-

able radius around, and in other peaty spots not far

off, failed to afford indications of other deposits. The
number of perfect femora of Dinornis brought away
exceeded 600

;
a large number were so decomposed as to

fall to pieces in the handling ; while a great many others

disintegrated, after removal from the ground, on exposure
to the atmosphere. I believe I do not over-estimate,,

therefore, in saying that from 800 to 900 moas at least

were entombed in this shallow hollow. So many moas
(leaving out of the reckoning the other species of birds)
could not by any possibility have found standing-room,
however crowded together, in the entire area of the de-

pression. It would appear evident, therefore, that they
did not perish all at one time. To account for their

burial in such numbers in areas so circumscribed seems
to me at present impossible. That their bodies were
entire when they were deposited is clear, from the pre-
sence in such abundance of the crop-stones, from the

position of the bones, and from the finding of the intact

contents of the gizzard. No stream of any size could
find origin in the immediate neighbourhood, and no
stream which could have transported the entire carcasses

of birds of such huge proportions as Dinornis ingens or

D. clephantopus could ever have occupied this ravine-head
without leaving traces of its action on the surface which
would be visible to-day, or without washing away the

very fine silt mixed with the clay on which the bones lie,

in the bottom of the most upland of our excavations.

None of the bones arc watervvorn. This little hollow

was, in the early days of its present proprietor, very wet
and boggy, and several springs have origin in it. If the

moas made this a highway from one part of the country
to another, it seems difficult to believe that birds so-

powerful of limb, and standing at least 10 to 12 feet in

height, could stick fast in so shallow a bog ;
and to conjec-

ture why eagles of powerful flight, slender rails, small

ducks, and comparatively light-footed kiwis also should

become ensnared. Driven by fire in the surrounding
bush—which may have covered the country then, for the

plough has, I am informed, brought to light the stools of

many large trees at no great distance, while logs of wood
were found among the bones—did they, in a struggle for

life in a narrow space, trample each other to death ? The
presence of the strong-winged Harpagornis in consider-

able numbers seems to militate against this explanation,,
and no calcined bones have been discovered. An ex-

planation oftered some years ago, to account for the

presence of a great number of moa and other bird bones
in a somewhat similar situation in the Hamilton swamp—
that during severe winters these birds congregated at the

springs rising warmer from below, and were overtaken

by a severe and fatal frost as they stood in the water—
appears unsatisfactory in the present case, as there are

numerous springs and equally boggy ground near at

hand, round which no remains can be found, and so
close to the sea such excessive frosts are now unknown.
That these were individuals who, during an excessive

drought, arrived at the springs too far exhausted to

revive—an occurrence common enough in Australia—
and that the water there was charged with poison, have
also been offered as explanations. But the permanence
of glacier rivers, highest in the hottest seasons, precludes
the idea of animals dying of thirst in this island, or at all

events in this locality so near to the great snow river

Waitaki. Poisoned water-holes or exhalations of car-

bonic acid might be a sufficient reason, yet in those

springs elsewhere where bones have been found chemical

analysis has failed to detect any substance harmful to life

in their waters at the present day. Not a single indica-

tion of human intervention was observed. No bones
were discovered which had been broken in their recent

state ; neither kitchen-middens, nor remains of ovens or
of native encampments, occur anywhere near the deposit.
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One piece of egg-shell dug out of the highest trench is

not sufficient evidence on which to base the supposition
that the spot was frequented as a nesting-place.
At Glenmark, in the north of this province, the historic

spot where the original (somewhat larger than the

present) find of Di7tornis reliquice was dug out by my
predecessor, the late Sir Julius von Haast, the bones of

numerous species of birds besides moas were found.

Their occurrence in the situations where they were dis-

covered, and the way in which they were lying
—entire

bodies with their sterna covering crop-stones in situ—have
been explained by the supposition that the moas were
overtaken by a fierce and sudden storm, and their entire

carcasses piled by wind and flood into vast heaps, an ex-

planation against which the presence here also of the

same powerful buzzard and other flying birds rises as an

objection. Yet there is nothing either in the situation or

the disposition of the bones to make it impossible ;
still I

cannot help feeling that that cannot be the true explana-
tion which satisfies only one instance out of so many
assemblages of dead birds of nearly always the same
species in situations almost similar. I hope, however,
that when I have made a thorough examination of all the

localities where, and the conditions under which, moa
remains have been found, in the light of the personal
experience gained in the exhumation of the present de-

posit, and when I have completed the identification (on
which I am now engaged) of the smaller bird bones
associated in them with the moa bones, some light may
have been gained on this at present mysterious episode
in the history of the ancient Avians of New Zealand.

Henry O. Forbes.
Christchurch, New Zealand.

THE BLUE HILL METEOROLOGICAL
OBSERVATORY}

"^HKAnna/s of this high class Meteorological Obser-
-*-

vatory for 1890 are of more than usual interest,
since we have here presented not only the observations
of the year, which are made with remarkable fulness and
exactness, but also a well presented and discussed resume
by Mr. Clayton for the lustrum ending with 1890, together
with an account of the hourly and other observations made
at the Signal Service Station at Boston. The Observatory
is situated about ten miles south of Boston, on the summit
of a peaked hill 640 feet above the sea, and as the ground
falls down from the buildings in every direction for
several hundred feet, the Observatory occupies a unique
position among Observatories in the investigation of some
of the more important phenomena of meteorology.
The hourly means of atmospheric pressure show for all

the months the double tide well marked. The chief
maximum steadily recedes from 10 a.m. in winter to 8 a.m.
in summer, and the chief minimum advances from 2 p.m.
in winter to 5 p.m. in June. The evening maximum
shows a slight tendency towards displacement in the same
direction as the afternoon minimum, and the night
minimum a similar displacement in the same direction as
the morning maximum. A third barometric maximum,
which is generally met with in middle latitudes, is par-
ticularly well marked at this place.
But the important position of this Observatory appears

in the most striking manner on comparing the hourly
barometric results of 1890 from the Blue Hill with those
from Boston for the same year. The Blue Hill Observa-

tory is situated on a true peak, but the station at Boston
is in the mouth of the rather broadish valley which
stretches northward from the town. The result is that

)

I "Annals of the Astronomical Observatory of Harvard College," vol. xxx..
Part 2,

" Observations made at the Blue Hill Meteorological Observatory,
Mass., U.S., in the Year iSgo, under the direction of A. Lawrence Rotch,
Esq." With Appendices. (Cambridge : University Press 1891.)

though the places are only about ten miles apart, the
diurnal fluctuation at Boston is o'oiy inch greater than on
the top of Blue Hill. In June, when this feature of the

pressure is at the annual maximum, the following are the

hourly results, where the plus sign indicates that pressure
at Boston rose above its daily average by these amounts,
expressed in thousandths of an inch, greater than did

pressure on the Blue Hill above its daily average ;
and

the minus sign that it fell lower by these amounts at the
former than at the latter place.
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5 a.m., north-easterly at noon, easterly at 2 p.m., and

south-easterly at 7 p.m., and this occurs winter and

summer, and is independent of the sea breeze.

This points plainly to a cause in daily operation, which
the unique position and work of the Blue Hill Obser-

vatory enable us to deduce from a comparatively {^^f^

years' observations. This cause is the diurnal barometric

tide, with its two maxima and minima, which, as regards
the Blue Hill, are more pronounced over the land to

westward than over the ocean to eastward, and become
still more pronounced on advancing southward into lower
latitudes and westward into more inland situations. Thus,
at 9 a.m., the time of the morning maximum, pressure at

the Blue Hill is 0'023 inch above the daily mean
; at

New York, 0028 inch
; at Philadelphia, o"03i inch ; and

at Washington, o'035 inch. Now at this physical instant,

9 a.m. local time, this atmospheric tide becomes relatively
less and less on advancing eastward across the Atlantic,
and at Kew (about 2 p.m. G.M.T.) pressure is 0012 inch

below its average. From its position with respect to this

wide-spread shallow diminution of pressure, northerly and

north-easterly winds attain their diurnal maximum fre-

quency at this hour. Again, at the Blue Hill, pressure falls

to the daily minimum at 3 p.m. (local time), after which
it continues slowly to rise ; and, while rising, pressure is

relatively lower to the westward. From its position in

the north-easterly segment of this wide-spread area of

lower pressure, the south-easterly winds at the Blue Hill

attain their daily maximum frequency at 3 p.m.
The mean maximum velocity of the wind, about the rate

of twenty-two miles an hour, occurs from November to

March, and the minimum, nearly fifteen miles an hour,
from June to August. As regards the hourly velocity of
the wind, the records show the occurrence of the daily
maximum at 3 p.m., being the hour of occurrence gener-

ally, except at high-level Observatories ;
but the time of

the minimum, 8 n.m., is markedly different. This pecu-
liarity arises from the curious but highly interesting fact

that the Blue Hill shows a secondary maximum imme-
diately after midnight, or the time when the daily maxi-
mum velocity occurs at high-level Observatories, thus

linking the Blue Hill Observatory with both high and
low level Obseivatories.

There are also published valuable results of humidity,
cloud, sunshine, rain, gales, thunderstorms, and visibility
of distant objects, for which we must refer to the Report
itself. As the Meteorological Service of the United
States has recently taken a new departure, it is to be

hoped that Mr. Rotch, who has generously established
this Observatory, and has its admirable work well in

hand, will yet see his way to the continuance of the
tabulation and publication of the hourly values of the

elements, which cannot but prove to be of essential

service to the Department in carrying out certain de-

velopments of American meteorology which, it is

understood, are under consideration.

GUSTA V PLARR.

/^NE of the older generation of mathematicians has^^
lately passed away in the person of Dr. Gustav

Plarr, who died at Tonbridge on January 1 1, of bronchitis

following influenza. He was born on August 27, 1819,
at Kupferhammer, a country house near Strasburg. He
was educated at the Gymnase and at the University in

that city, whence he proceeded to Paris University, where
he obtained his diplomas as Licentiate of Sciences and as
" Docteur es Sciences Mathematiques." Among his
close friends at school and at the University was M.
Wurtz, while M. Gerhardt, another great chemist, was
among his Strasburg contemporaries. Dr. Plarr for

some time meditated a life of chemical research, but
found that his health would not permit of prolonged
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laboratory work. After taking his doctorial degree, he
was for some time mathematical master at a College at

Colmar, and, on the Chair of Mathematics becoming
vacant in the University of Strasburg, was one of the
candidates for the post. He was strongly supported by
the Strasburg academic party, especially by M. Sarrus,
the outgoing Professor, but clerical influences were at
work against him, and a Parisian was finally imposed on
the little Germanizing University.

In 1857, Dr. Plarr married an English lady, and
during his honeymoon in Dublin was introduced to Sir
William Rowan Hamilton, the originator of the Qua-
ternion method, and became thenceforth a devoted
student and exponent of the work of that great genius.
The British Association met at Dublin in the autumn

of 1857, and Dr. Plarr was one of the eight foreign men
of science who were that year elected

"
Corresponding

Members." Whewell, Hamilton, Vignoles, and Brewster

were, we believe, his sponsors on this occasion. The
paper then communicated by him to the Mathematical
Section of the Association will be found at p. loi of the

Report.
The other seven men of science elected at this meeting

were Barth, Bolzani, d'Abbadie, Loomis, Pisani, and the
two Schlagintweits. Of these, only Herman Schlagint-
weit survives. Indeed, at the time of his death, Dr.
Plarr was one of the half-dozen oldest living

" Corre-

sponding Members" of the British Association.
In the Franco-German war of 1870, Kupferhammer

was burnt by the French, in order to dislodge Prussians
who had been able thence to command the sluices of the
moat round Strasburg. Dr. Plarr accordingly came to

reside among his wife's relatives, first at St. Andrews,
and then at Tonbridge.

Since 1870, Dr. Plarr's time was almost exclusively
devoted to the study of Quaternions. In 1882-84 his
French translation of Prof. Tait's Treatise was published
by Gauthier-Villars. Several papers by him, on abstruse

points connected with the Quaternion method, were com-
municated to the Royal Society of Edinburgh. Beside
these there is a very interesting piece of ordinary analysis
connected with Spherical Harmonics.

Modest, unambitious, studious, simple in his habits to

the verge of asceticism, Dr. Plarr was of a type rare in

these days and in this country. Although a man of wide
scientific culture, and of many literary interests, he was
content to be a pioneer in a realm of thought for which
there is necessarily no popular sympathy at present.
Quaternions, indeed, were to him the mathematics of the

future, and he was to the last happy in the thought that
he had assisted, however obscurely, in their development.

NOTES.
Two international scientific Congresses are to be held at

Moscow in August. One will relate to anthropology and

archaeology, the other to zoology. There will be exhibitions

in connection with both Congresses, and appeals have been

issued for the loan of objects which are likely to be useful and

interesting. Among the things wanted for the Anthropological

Congress are phonograms of the language and songs of different

races. French will he the official language of the two meetings.
The more important papers will be printed before members
come together, so that discussion may be facilitated.

The death, on February 20, of Prof. Hermann Kopp is

announced. He died at Heidelberg, after a long and painful

illness, in the seventy-fifth year of his age.

The well-known botanist and philologist Stephan End-

licher was buried in 1849 in a churchyard near Vienna. This

churchyard is about to be closed, and it is proposed that End-
licher's remains shall be removed to the new central cemetery



420 NATURE [March 3, 1892

of Vienna, and that a suitable monument to him shall there be

erected. At present, his grave is not marked even by an

ordinary tombstone. An influential international Committee

has been formed for the purpose of giving effect to the scheme.

Those who desire to associate themselves with it should send

subscriptions as soon as possible to the K.K. zoologisch-

botanische Gesellschaft, Vienna, I, Herrengasse 13,

Mr. W. Saville-Kent, who has been absent from England

during the past eight years, acting in the capacity of Inspector

and Commissioner of Fisheries to various of the Australian

Colonial Governments, and most recently to that of Queensland,

is now in London, and will be occupied for the next few months,

chiefly at the British Museum, South Kensington, in working

out the corals and other natural history materials collected by
him on the Great Barrier Reefs. Associated with the materials

in question is an extensive series of photographs of coral reefs

and coral animals taken from life, some few of the more early

acquired of which were exhibited at last year's conversazione of

the Royal Society. Selections from the completed series will be

shortly published in association with a work, on the fishery and

natural history products generally of the Great Barrier district,

that Mr. Saville-Kent has in preparation. Mr. Saville-Kent is

under engagement with the Government of Western Australia to

proceed to that colony towards the end of the current year, to

investigate and report upon the pearl and pearl-shell, oyster, and

other indigenous fisheries, with a view to their more profitable

development. This engagement is likely to occupy him for

some two years, when he proposes to return permanently to

England.

Prof. Huxley and Prof. Ray Lankester have each

written to the Times on Lady Blake's proposal that a marine

biological station should be established in Jamaica as a memorial

to Columbus. Prof. Huxley points out that "animal life is in.

describably abundant and varied in the intertropical seas," and

hopes that the scheme will meet with cordial support here and

in the United States. Prof. Ray Lankester is also of opinion

that a good permanent laboratory for the study of marine life

should be established in the tropics ; and he thinks that "no

position is more favourable for this purpose than the coasts of

Jamaica." He urges, however, that a definite set of proposals

should be made in Jamaica for the realization of the Columbus

Laboratory. His opinion is that "the Government of Jamaica

should initiate the scheme, and make the proposed laboratory

part of a biological and physical survey of the coasts of the

island." What is chiefly needed is "an efficient, well-trained

naturalist, who must be paid at least .^700 a year for his services

(less than a lawyer or a sanitary officer), and a Government gun-

boat with crew, &c., and two or three special fishermen and

attendants." A suitable building, Prof. Lankester thinks, could

easily be obtained.

The members of the Geologists' Association will make an

excursion to Hornchurch on Saturday, March 5, Mr. T. V.

Holmes acting as director. They will visit sections on the new

railway between Upminster and Romford. The early date of

the excursion has been rendered necessary by the state of the

most important section. The first cutting to be visited is that

between Upminster Station and the Ingrebourne. It shows

London Clay capped by gravel and loam belonging to the

highest terrace of the Thames Valley deposits in this district.

Crossing the Ingrebourne, the line enters another cutting north-

east of Hornchurch. In this cutting boulder clay has been seen

for a distance of 300 yards, resting in a slight hollow on the

-surface of the London Clay, and capped by gravel belonging to

the highest terrace of the Thames Valley beds. The greatest

thickness of boulder clay seen in this cutting is 15 feet, and it is

hoped that the sloping now going on may not have advanced so
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far at the date of the excursion as to have destroyed every clear

section. At Butts Green there is a good section of London Clay

capped by sand and gravel. Nearer Romford the cuttings are

not sufficiently advanced to be worth visiting. The total walking
distance is three miles.

A WORK of considerable interest to meteorologists has been

published in the Memoirs of the Physical Society of Geneva,

containing the detailed observations made under the directions

of H. B. de Saussure on the Col dzi Giant, at Geneva, and at

Chamounix simultaneously, from July 5 to 18, 1788. The
means only, and these only for a part of the observations, were

published in his "Voyages dans les Alpes" (Neuchatel, 1779-86).

These valuable observations, which have been carefully revised

by his grandson, Henri de Saussure, have often been asked for,

and we believe have only lately been discovered. They include

values taken several times daily of pressure, temperature,

humidity, wind, cloud, electricity, magnetism, &c., together

with general remarks upon the weather.

From a recent statistical study of the wheat harvests of Ohio

(summarized in Science), it appears that the average yield of

wheat is increasing in the northern and central sections of the

State, while it is at a standstill, and at far too low a point for

profit, in the southern and south-eastern counties. Geologic-

ally, there are three bands running across the State from north

to south—that in the east (nearly a third of the whole), over

coal-measures ; next to it, a narrower strip of Waverly rocks

(sandstones and calcareous shales) ;
then the western half,

over limestones. The two latter are covered with a bed of

glacial drift, which is, however, a good deal modified by
the underlying rocks. In the northern portion, the counties

over the Waverly rocks show a larger average yield (in

forty-four years) than those over limestones and the coal-

measures, and they also show a higher rate of increase. In

the middle and south, the limestone counties show the larger

yield ; and in the middle (not the south), the larger rate of

increase. The counties over the coal-measures are inferior in

yield per acre in each belt, the difference increasing as we pome
south. The hilly character of the ground is supposed to be the

chief cause of this lower yield. Some 48 million bushels were

harvested in Ohio in 1888. The area devoted to wheat is

approaching 3 million acres, and represents 12 per cent, of the

area in farms in the State. The average yield is thirteen bushels

per acre (in England it is about twenty-eight bushels), but in the

northern and middle parts it is steadily growing. The produc-
tion is keeping far ahead of any possible consumption within

the State.

An important Conference of fruit-growers was held last year

in Sydney, the chair being occupied by the Hon. Sydney Smith,

Minister of Mines and Agriculture in New South Wales. It

lasted several days, and the report of the proceedings, which has

now been issued, ought to be of great service to fruit-growers in

all parts of the colony. The President, in his concluding speech,

said the Government were both proud and anxious to assist the

agriculturists of the country. All that was required was the co-

operation and assistance of those engaged in the industry, in

order that they might know in what direction this assistance

would be most useful. He felt sure a great deal of good would

come from the discussions during the Conference, and he hoped
the members would hold Conferences in their own districts. He
was most anxious to see the local Agricultural Societies holding

meetings every month, where papers could be read and diff'erent

important questions discussed, as he was certain this would do

good, and he sincerely hoped his suggestion would be acted

upon, as they might rely upon the assistance of the Department.
The Government, as they knew, had already granted pound for

pound to the Agricultural Societies, and they were willing to do
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-still more. On that year's estimates ;i^5000 was set apart for

national prizes throughout the whole colony, and he believed

these prizes would be worth winning.

The prevalent notion that the mistletoe is injurious to the

apple or other tree on which it grows is disputed by Dr. G.

I
Bonnier, the Professor of Botany at the Paris Sorbonne, who

maintains, not only that this is not the case, but that it is actually

beneficial to its host, the relationship being not one of simple

parasitism, but rather one of symbiosis. He determined from

a series of observations on the increase in the dry weight of the

leaves, that, while in summer the mistletoe derives a large

portion of its nutriment from the host, in winter these conditions

are reversed, and the increase in weight of the mistletoe is less

than the amount of carbon which it has obtained from the

: atmosphere—in other words,jthat it gives up to its host a portion

I
of its assimilated substance.

At a meeting of the Royal Botanic Society on Saturday last,

Dr. R. C. A. Prior presented ripe seeds of Araucaria i>nbrica*a,

the monkey-puzzle tree of Chili, collected from a large tree

; growing in the open air at Corsham, Wilts. He mentioned that

; in this country the plant, though common, seldom ripens its

«eeds. It was first introduced here icxd years ago by Mr. Men-

l zies, a Scotch botanist, who accompanied Vancouver's expedition

\. in search of a passage between the Atlantic and Pacific Oceans.

'in returning from their attempt they put in at Valparaiso, and

were hospitably entertained by the Viceroy of Chili. While

dessert was on the table Menzies observed some nuts he had not

seen before. Instead of eating his share he saved them, and,

taking a box of soil back with him on board ship, succeeded in

raising five plants, which he brought to England, and these

formed the stock from which most of the large trees now growing

in various parts of the country have sprung.

Some time ago Mr. G. Brown Goode, of the U.S. National

Museum, delivered before the Brooklyn Institute a lecture on

"The Museums of the Future." This lecture has now been

printed, and is well worth reading. Mr. Goode's main idea is,

that " the people's Museum should be much more than a house

full of specimens in a glass case." "
It should," he says, "be

a house full of ideas, arranged with the strictest attention to

system." This conception he expresses epigrammatically by

defining a Museum as "a collection of instructive labels, each

illustrated by a well-selected specimen." In the course of the

lecture he offers many instructive and interesting remarks on

the Museums of the Old World.

The first number of the new Zeitschrift fiir Anorganische

Cheinie, edited by Prof. Kriiss, of Munich, was issued on

February 27. As its title implies, the new journal is devoted

exclusively to the inorganic branch of chemistry, and the names

of the distinguished chemists throughout Europe and America

whose co-operation the editor has been fortunate in securing

would appear to promise well for its value and success. The

first number, now before us, contains the following six original

memoirs: "Phosphorus Sulphoxide," by T. E. Thorpe and A.

E. Tutton ; "The Double Acids of Heptatomic Iodine," by C.

W. Blomstrand
; "The Action of Hydrogen Peroxide upon

certain Fluorides," by A. Piccini ;

" Ammoniacal Platinum

Compounds," by O. Carlgren and P. T. Cleve ;

"
Preparation

of Tungstates free from Molybdenum," by C. Friedheim and

R. Meyer ;

" A Lecture Experiment," by C. Winkler;

A NEW Physical Review has been started by the publisher

J. Engelhorn, of Stuttgart. The editor is L. Graetz. The

object of this periodical will be to make German readers ac-

quainted with the work being done by physicists in other countries.

It is intended that it shall serve as a sort of supplement to the

well-known Annalen der Physik und Chcmie.
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We are glad to welcome the first number of Natural Science,

a monthly review of natural history progress. The object of the

editors will be "to expound and deal in a critical manner with

the principal results of current research in geology and biology

that appear to be of more than limited application." Articles

are contributed to the first number by Mr. F. E. Beddard, Mr.

J. J. H. Teall, F.R.S., Mr, A. S. Woodward, Mr, R. Lydekker,

Mr. J. W. Davis, Mr. G. A, Boulenger, Mr. J. W. Gregory,

Mr. G. H. Carpenter, and Mr. Thomas Hick. The publishers

are Messrs. Macmillan and Co.

Messrs. Eason and Son, Dublin, will issue in April the

first number of the Irish Naturalist, a monthly journal of

general Irish natural history, and the official organ of all the

natural history Societies in Ireland. The editors will be Mr.

George H. Carpenter and Mr. R. Lloyd Praeger,

A NEW instalment (vol. i. No. 10) of the Records of the

Australian Museum has been issued. These Records are edited

by Dr. E. P. Ramsay, Curator of the Museum, and embody
the results of a great deal of serious scientific work. The

present number contains the following papers :
—" On the

Occurrence of the Genus Palaaster in the Upper Silurian Rocks

of Victoria," by R. Etheridge, Jun. (plate) ;
"The Operculate

Madreporaria Rugosa of New South Wales," by R. Etheridge,

Jun. ; "Notes on the Structure oi Pedionomus torquatus, with

regard to its Systematic Position," by Dr. Hans Gadow.

Messrs. Blackie and Son have issued an enlarged edition

of the well-known "Concise Dictionary of the English Lan-

guage," by Dr. Charles Annandale. The new matter consists

partly of a supplement giving definitions of additional words,

partly of several new appendices or lists for general reference.

The General Report of the operations of the Survey of

India Department, administered under the Government of

India during 1889-90, has been issued. It has been pre-

pared under the direction of Colonel H. R. Thuillier, R. E.,

Surveyor-General of India. The Report relates to trigono-

metrical, topographical, forest, cadastral, and traverse surveys.

There is also an account of electro-telegraphic longitude opera-

tions, tidal operations, and geographical surveys and reconnais-

sances.

The following are the arrangements for science lectures at the

Royal Victoria Hall during March:—March i, Dr. W. D.

Halliburton, on "Nerves"; March 8, Prof. Reinold, on

"Sound and Music"; March 15, Dr. Tempest Anderson, on

"Iceland"; March 22, Prof. Weldon, on "Soles and other

Sea-Fishes"; March 29, Mr. A. Smith Woodward, on

"Elephants."

A PAPER upon the preparation of amorphous boron is contri-

buted by M. Moissan to the current number of the Comptes
rendus. It was shown in a communication to the Acadc-mie des

Sciences upon February 15 ihat the substance hitherto regarded
as amorphous boron is a mixture of that substance with large

quantities of impurities, formed by the combination of the boron

at the moment of its liberation with a portion of the metal used

to replace it and with the substance of the vessel in which the

reaction is performed. M. Moissan now describes a method by
which he has succeeded in obtaining boron in a state of almost

perfect purity. The reaction which he employs is that of

metallic magnesium upon boric anhydride, a reaction previously
studied by several observers, and most recently by Prof. Winkler,
who employed the magnesium in the quantity calculated to re-

move all the oxygen from its state of combination with the

boron. M. Moissan shows that if only one-third of this quantity
of magnesium is employed, the yield of free boron is very much

enhanced, and the impurities are only such as can be removed.

He confirms Prof. Winkler's statement that two borides of mag-
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nesium are capable of formation, one of which is unstable, and,

as shown by Messrs. Jones and Taylor, is decomposed by water

with evolution of a mixture of hydrogen and boron hydride,

while the other is permanent both in the presence of water and

acids. It is this stable boride, which M. Moissan has obtained

in good crystals, which is so difficult to remove from the sub-

stance which has hitherto been considered as amorphous boron,

and its formation should be avoided as much as possible. When

magnesium and boric anhydride in the proportions above indi-

cated—convenient quantities being 70 grams of the former and

210 grams of the latter—are heated to redness in a closed

crucible, a somewhat violent reaction occurs, the crucible be-

coming vividly incandescent. Upon cooling, a reddish-brown

mass is found, which is readily detached from the crucible, and

is impregnated throughout with crystals of magnesium borate.

The interior portion is then powdered, and successively treated

with water and hydrochloric acid, alcoholic potash, hydrofluoric

acid, and lastly with distilled water. This product, even after

such exhaustive treatment, upon drying in vacuo, is found to con-

tain only 95 per cent, of boron. In order to remove the 5 per
cent, of the stable boride, the product is again heated to redness

in the midst of a large excess of boric anhydride, and the extrac-

tion and washing repeated as before. The percentage of boron

is by this means raised to 98*3 per cent., the remaining impurity

being a mere trace of the boride and i '3 per cent, of nitride of

boron. These remaining impurities have finally been eliminated

by employing a crucible rendered impenetrable to the furnace

gases, the nitrogen of which rapidly causes the formation of

nitride, by means of a mixture of titanic acid and charcoal. In

addition to the laborious method above indicated, by which

tolerably large quantities of pure boron may be obtained, M.
Moissan further shows that it may be prepared in smaller

quantities by the reduction of boric anhydride by magnesium in

a stream of hydrogen, when, after extraction, a pure product

necessarily free from nitride is obtained. And lastly, M. Mois-

san describes an electrolytical method of preparing it. Fused
boric acid is rendered a good conductor of electricity by the

addition of 20 per cent, of its weight of borax. Upon passing

through the fused mixture a current of 35 amperes, a little

sodium is liberated at the negative pole, and combines with the

platinum electrode to form an alloy, while amorphous boron and

oxygen are liberated at the positive pole. The greater portion
of the boron, owing to the high temperature of the reaction,

recombines with the oxygea with most brilliant incandescence,
but a portion escapes combination, and may be isolated in the

pure state as a chestnut-coloured powder.

The additions to the Zoological Society's Gardens during the

past week include a Green M.ox\Vt.y {Cercopithectis callitrichus i )

from West Africa, presented by Mr. George W. Bowles
;
a

Toque Monkey {Macaais pileattis) from Ceylon, presented by
Mr. Arthur Wallis

;
a Bauer's Parrakeet {Platycerciis zonarius)

from South Australia, presented by Mr. Edward F. Baillou ;

two Alpine Accentors {Accent07- collaris), European, presented

by Lord Lilford, F. Z.S. ; four Coqui Francolins {Francolinus

coqtii 2 <J 2 9 ) from South Africa, presented by the Hon. F.

Erskine ; a Green Toad {Bnfo viridis), six Painted Frogs
{Discoglosstis fidus), European, three Moorish Toads {Bufo
maiiritanica) from Tunis, purchased.

OUR ASTRONOMICAL COLUMN.
The Warner Oi!Servatoky.— " The Warner Observatory

is distinctively a private institution built for the purposes of

original discovery rather than the ordinary routine work of most
other Observatories." This sentence begins a recently-published
history and work of the Warner Observatory, Rochester, N.Y.,
from 1883 to 1886. Under such favourable condilions as these,
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it is not wonderful that a considerable amount of work should
be done. Mr. Lewis Swift is the Director of the Observatory,
and, upon assuming command, he selected the discovery of new
nebulcc as his principal field of labour. The first unrecorded
nebula was found on July 9, 1883. Since then more than 40a
others have been detected ;

and their positions and descriptions
have been published from time to time in four catalogues. The
observations are now brought together, and will therefore be
more useful than heretofore. In the volume containing them
are printed the Warner prize essays. One of these, by Prof.

Lewis Boss, treats of "Comets: their Composition, Purpose,
and Effect upon the Earth "

;
and there are several others on the

coloured skies seen about the time of the Krakatab eruption.
Mr. Henry Maine endeavours to show that a physical connection
existed between these red sunsets and solar activity. The Rev.
S. E. Bishop, of Honolulu, also describes the brilliant glows in

question ; ascribing them to the introduction of finely divided
matter into the higher regions of the atmosphere.

Measurement OF Solar Prominences.—In Comptesrendus,
tome cxiii. p. 353 (1891), M. Fizeau pointed out that the

velocities attained by solar prominences were comparable with
the earth's orbital velocity, and remarked that, on account of
this circumstance, prominences must suffer a displacement from
their true position. If this were so, and the argument appeared
to be sound, then the apparent heights reached would have to be
increased or diminished according to the velocity with which the

prominences were projected. Mr. Henry Crow has pointed out

an apparent error in this reasoning {Astronomy and Astro-

Physics, January, p. 90). He says :
— " The author here neglects

the fact that, at any given instant, each point of the solar disk

and of the prominence, whether in motion or at rest, is sending
to the observer rays, all of which are affected by the same
correction for aberration. I say the ' same '

correction, since

the change in celestial longitude or latitude from one part of

the sun's surface to another would affect the aberration quite

inappreciably. If there be relative motion among the parts of

the prominence, then, since at any instant aberration affects all

these parts to the same extent, the prominence will be projected

upon the slit of the spectroscope in its true proportions." So the

study of the solar surface is apparently not to be complicated by
the introduction of a new correction. In this connection it may
be remarked that, in a letter dated February 12, Prof. Hale
writes: "You may be interested to know that I have just
succeeded in photographing all the prominences around the sun
with a single exposure."

THE A USTRALASIANASSOCIA TIONFOR THE
ADVANCEMENT OF SCIENCE.

'T^HE Australasian Association for the Advancement of Science
' held its fourth annual meeting at Hobart, Tasmania, from

January 7 to 14 inclusive. The meeting was in every way
successful, and the proceedings afford ample and most satisfactory
evidence that much excellent work is being done among our
Australasian kinsfolk in every branch of science. The President
was His Excellency Sir Robert Hamilton, Governor of Tas-
mania. The people of Hobart accorded to the members of the
Association a most hearty welcome, and did everything in their

power to make the occasion a pleasant and memorable One.

Visitors from a distance had the advantage of being able to

travel both by sea and land at greatly reduced fares, and

everything of scientific interest in Tasmania was clearly explained
for them in a capital hand-book issued from the Government
Printing Office. Mr. Robert Giffen attended the meeting, and
was cordially received. He delivered a lecture to the members
of the Association on "The Rise and Growth of the British

Empire."
Great credit is due to the Hobart Mercury and other local

papers for the enterprise they displayed in reporting the pro-
ceedings.
At the meeting of the general Council on January 7,

the chair was taken by Baron von Mueller, past President, as

Sir James Hector, the retiring President, was prevented by ill

health fiom being present. It was formally decided that the

fifth annual meeting of the Association i-hould be held at

Adelaide, and practically decided that the sixth should be held
at Brisbane. Prof. Tate will be President of the Adelaide

meeting.
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On the evening of the 7th Sir Robert Hamilton delivered his

presidential address before a large audience in the Town Hall.

He presented an interesting sketch of the history of the Royal
Society of Tasmania, and suggested many sound reasons why
all intelligent persons in Australasia should do their utmost " to

hasten the advent of the time, which is undoubtedly approaching,
when science will form a much more integral part of the life of

the people than it does at present."
It is impossible for us to give a full account of the proceed-

ings of the meeting ; but the following notes may suffice to

indicate the wide range of the work done in the various Sections.

SECTION A.

MATHEMATICS, PHYSICS, AND MECHANICS.

Prof. Bragg, Adelaide, was President of this Section. He
chose as the subject of his presidential address,

" Mathematical

Analogies between various branches of Physics." About fifty

years ago, he said, Sir William Thomson showed that there

existed between several branches of physics a very close analogy
—

the analogy was so exact that the solution of any problem of any
one theory was at the same time the solution of the problem in

any other. The list of analogies might be still further increased

by the addition of certain other theories, which were to some
extent imaginary, yet important in that they were simple to

realize, and therefore of great use in presenting to the mind the
usual means of grasping the other problems. It was a matter of
the greatest interest that so wide and so perfect an analogy
should exist, and for that reason the analogy would be a fit

subject for an address. There were other grounds for its fitness.

It was of the greatest assistance in physics to follow up this

analogy, and examine carefully its nature. It was a common
remark that analogies were dangerous things, and the remark was
often true enough. But the danger lay only in an imperfect know-
ledge of the extent to which calculations might be made upon
the analogy, and could be avoided once and for all by amending
the imperfection. Moreover, the student of electricity and
magnetism could hardly avoid the use of some sort of analogy,
for these theories deal with quantitative relations between things
of the real nature of which we are completely ignorant, and
most minds could not for long consider these relations in mere
symbols, but must finally give them some sort of form. He then

explained the nature of the problem, and proceeded to show the
measure of analogy that exists between various theories of

physical science.

A paper hy Sir Robert Ball, on " The Astronomical Explana-
tion of a Glacial Period," was read by Sir R. Hamilton, and a

hearty vote of thanks was accorded to His Excellency and to the
author. Mr. A. B. Biggs, Launceston, read a paper on "Tas-
manian Earth Tremors." Mr. C. W. Adams, Dunedin, dealt
with a graphic method of showing the relation between the

temperature of the dew-point and the temperature of the air for

any given climate. Mr. George Ho^ben, Timaru, N.Z., read
the report of the Committee on "

Seismological Phenomena in

Australasia." This Committee had begun its work by making
a compilation of the records of all previous earthquake shocks

throughout Australasia, and these records were now nearly com-
plete, except for Queensland and Western Australia. It had
also provided for as accurate a system of observations in the
future as was possible under the circumstances, by means of
memoranda to be forwarded from various telegraph offices. The
system adopted was, with the necessary modifications, that
which had been in use with success in New Zealand for some
time past. The Secretary explained what had been done in
New Zealand by this means in the determination of earthquake
origins, and of other facts about earthquakes, and pointed out
that it was as part of a world system of observations that the
observations in Australasia are likely to be most useful. With
that aim in view the Committee proposed to extend their obser-
vations to the islands of the Pacific, and so to establish a con-

nection, if possible, with what was being done in South America
and in Japan. An important step was also taken in the adoption
of a common standard of intensity

—the Rossi-Forel scale, as
used by Swiss and Italian seismologists, being that agreed upon.
It was pointed out that the system now adopted throughout
Australasia had led to the fixing of five of the chief origins of
disturbance in or near New Zealand, among them (during the

past year) of the origin of most of the Cook's Straits shocks.
Mr. A. McAuley, Ormond College, Melbourne, contributed a

paper on "
Quaternions as a Practical Instrument of Physical

j
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Research." He indicated the power of the method by six

examples :—(i) A theorem in potentials illustrated by applying
it to a general electrical problem. (2) Two examples in curvi-

linear co-ordinates. (3) A qua'ernion proof of a well-known

theorem of Jacobi's of great utility in physics. (4) A generali-
zation of one of the well-known equations of fluid solution. (5)

The well-known particular system of the differential equation

expressing the conditions of equilibrium of an isotropic elastic

solid subject to arbitrary bodily forces. (6) A short criticism

of Prof. Poynting's theory of the transference of energy through
an electric field.

Papers were read by Mr. W. H. Steele on "The Con-

ductivity of Solutions of Copper Sulphate
"

; by Mr. R. W.
Chapman on "The Dodging Tide of South Australia," con-

taming a summary of the woi'k done by the Committee on Tidal

Observations ;
and by Archbishop Murphy, Hobart, on

" Solar Phenomena and their Effects."

Mr. H. C. Russell, F.R.S. (Government Astronomer,
N. S.W.), read a paper on "The Grouping of Stars in the

Southern Part of the Milky Way." He pointed out the advan-

tages of the photographic method of studying star distribution,

and discussed the evidence offered by a large number of photo-

graphs taken by himself. The results he had obtained tended

to diminish the value of the rifts in the discussion of stellar dis-

tribution. The interest of this paper was much enhanced by the

exhibition of a large collection of photographs.
Mr. R. L. J. Ellery, F.R.S. (Government Astronomer, V.),

read a paper describing some of the difficulties occurring in the

photographic charting of the heavens, more especially regarding
the determination of stellar magnitude. He also spoke of the

desirableness of establishing tidal observations in Tasmania. He
drew attention to the incompleteness of the tidal records for

Tasmania, and moved a resolution urging the Government to

establish several more tide gauges, especially on the north

coast. This resolution was seconded by Mr. H. C. Russell,

and carried unanimously.
Mr. R. B. Lucas read a paper on the unification of standards

of weights and measures, in which the condition of legislation in

regard to this important matter, with suggestions for the unifica-

tion of standards throughout the colonies, and recommendations
for a central depot with central administration, was specially
considered.

Captain Shortt (Meteorological Observer, Hobart) read a short

paper advocating a particular method of determining longitude
at sea from observations of the maximum altitude. The paper
gave rise to a very interesting discussion.

The President of the Section moved " That the Section tele-

graph its congratulations to Sir W. Thomson on his elevation to

the peerage." This was seconded by Mr. Ellery, supported by
Mr. Russell, and carried unanimously.

SECTION B.

CHEMISTRY AND MINERALOGY.

Mr. W. M. Hamlet, Government Analyst, of New South

Wales, presided over this Section. In his opening address he
dealt with the progress of chemistry in Australasia. Having
described the difficulties with which chemists in Australasia have
to contend, he said that in spite of them work had been done.
He mentioned the discovery of the alkaloids brucine and

strychnine in the fruits of Strychnos psilosperma, by Prof.

Rennie and Mr. Goyder, of Adelaide ; also the work done

by Mr. J. H. Maiden, of Sydney, in the examination of
Australian kinos, gums, and barks. Chief amongst Mr.
Maiden's researches was his work on wattle bark, which he
found contained from 15 up to 46 per cent, of tannic acid. These
barks were proved to be invaluable for tanning purposes, and
their cultivation proved easily remunerative to the agriculturist.
Mr. Kirkland's discovery of gallium and indium in some
specimens of blende were referred to, as were the highly-
interesting investigations of different minerals by the Rev. J.
Milne Curran, of New South Wales. Reference was also made
to researches being made by observers who were seeking to find

out the actual state of combination in which elements occur in

different ores. Much of this kind of work needed to be done,
and if such questions were investigated by men who knew what

they were doing, it would go a long way towards facilitating the

operations attempted in the smelting works, where it is often

expected that carbonates, sulphides, chlorides, and oxides should
each and all yield to the same treatment.
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The following papers were contributed by Mr. J. B. Kirkland,
Assistant Lecturer and Demonstrator of Chemistry, University
of Melbourne :

—
(i) "Notes on the Electrolysis of Fused Salts

of Organic Basis"; (2) "Occurrence of the New Elements
Gallium and Indium in a Blende from Peelwood, New South

Wales"; (3)
" Notes on the Volatility of Magnesium"; (4)

" Lecture Experiment on Gaseous Diffusion." A paper on "The
Analysis of the Cavendish banana [JMusa Cavendisliii) in Relation

to its Value as a Food," by W. M. Doherty, was also read. Profs.

Liversidge, Jackson, the President, Messrs. Clemes, Wilsmore,
and Taylor took part in an interesting discussion that followed

the reading of these papers.

Papers were contributed by Mr. W. M. Hamlet on "The
Oleo-refractometer in Organic Analysis"; by Mr. A. H. Jack-
son on "The Analysis of Storage Battery Plates "; by Mr. A.

J. Sachs on " The Jarvis Field Mineral Waters of Picton, New
South Wales "; and by Mr. Mingaye on " Some Mineral Waters

of New South Whales."

Mr. A. Liversidge, F.R. S., Professor of Chemistry, Uni-

versity of Sydney, read a paper on " The Rusting of Iron." It

was usually stated in books upon chemistry, he said, that iron

rust consisted of the hydrated sesquioxide of iron
;
but on

examining a very large number of specimens of rust from very

many different places, and from iron articles of various kinds,
and formed under very varied conditions, he found that in almost

every instance the rust contained more or less magnetic oxide ;
in

fact, in some cases the rust, although presenting the usual "
rust

brown "
colour and appearance, was, when powdered, prac-

tically wholly attracted by the magnet. The specimens which
first drew his attention to the subject were soine large scales of

rust obtained from the rails of an old tramway at Clifden

Springs, in Victoria, and he was led to collect and examine
these on account of their resemblance to the crust so often

present on metallic meteorites. On crushing this rust in a

porcelain mortar and testing it with a magnet, it was found to

be practically wholly attracted, the small quantity of iron

magnetic oxide present being mechanically inclosed, lifted and
removed by the magnetic particles (in consequence of the

magnetic particles being joined end to end, parallel to the lines

of magnetic force and forming a mesh-work inclosing the non-

magnetic matter); but by repeatedly applying the magnet, and

especially under water, the magnetic powder was fairly-well

separated from the non-magnetic powder. Bright iron wire,

plates, rods, nails, &c., were artificially rusted in many ways
with free access of oxygen, and in almost every instance a large
amount of magnetic oxide was formed.

Prof. Liversidge also read a paper on " The Presence of

Magnetite in Certain Minerals."

Some notes on the analysis of water from Lake Corangamite
were given by Mr. A. W. Craig and Mr. N. T. M. Wilsmore.
Notes on a "Natural Bone Ash," from Narracoorte, South

Australia, were given by Mr. N. T. M. Wilsmore (Mel-
bourne University). This was an account of a fossil guano
which might be successfully used for making cupels for silver

assays, &c. Other papers read were " Minerals of East Gipps-
land," by Mr. Donald Clark ; and " Notes on the Exudations

yielded by some Australian species of Pittosporum," by Mr. J.
Marden. A Committee was appointed to make a complete
census of the minerals of Tasmania for the next meeting of the

Association.

SECTION C.

GEOLOGY AND PALAEONTOLOGY.

Prof. T. W. E. David, of Sydney University, President of

this Section, delivered an address on volcanic action in Eastern
Australia and Tasmania, with special reference to the relation

of volcanic activity to oscillations of the earth's crust, and to

heavy sedimentation. The evidences of volcanic action in past

geological time in East Australia and in Tasmania were re-

viewed historically, commencing with the oldest known lavas—
the Snowy River porphyries

—and concluding with the most
recent—those of Tower Hill, near Warrnambool, in Victoria.

The geological age of the former has been established as being
lower Devonian, whereas the occurrence of the skeleton of a

dingo under beds of volcanic tuff at the latter locality shows
that those volcanic rocks are of recent geological age. Special
reference was made to the vast development of contemporaneous
lavas and tuffs in the Upper Paloeozoic coal-fields of New South

Wales, at Raymond Terrace, near Maitland, and at Kiania, in

the Illawarra coal-field. Proofs were adduced to show that the
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lavas and tuffs at the latter locality were erupted prior to the

deposition of the Bulli coal-measures, as marine fossil shells of

Permo-Carboniferous age have been found in the volcanic tuffs

of that series. The great plateau of diabasic greenstone, which

occupies so large an area in the south-eastern portion of Tas-

mania, was considered by the author to be probably of later

origin than the Mesozoic coal-measures of Fingal, Jerusalem,
&c.

,
and then the Palaeozoic coal-measures of the Mersey coal-

field. The greenstone forming the upper portion of Mount
Wellington was, in the author's opinion, of later origin than
the New Town coal-measures near Hobart. He considered the

greenstone to be a variety probably of gabbro, which had burst

through the marine mudstones and overlying coal-measures in

the neighbourhood of Hobart in the shape of broad dykes and

vosses, and which had spread over the top of the measures in

the form of a thick broad capping. If this view were correct,
there would be underneath the tiers of greenstone large areas of

coal-measures which might contain workable scams of coal,

undamaged by the overlying greenstone. A brief description-

having been given of the basaltic lavas of Tertiary age in

Australia and Tasmania, the relation of the various manifesta-

tions of volcanic activity to oscillations of the earth's crust and
to heavy sedimentation was next examined. The evidence col-

lected by Australian and Tasmanian geologists showed that

volcanic action had taken place most frequently after periods of

prolonged subsidence had culminated in a compensating re-

elevation of the land. Instance'^ were cited to prove that in

many cases the subsidence which preceded volcanic outbursts

was directly due to the local loading of the earth's crust with

thick masses of sediment, the weight of which bulged the

earth's crust downwards, displacing in the process the lighter

granitic magma which is considered to immediately underlie

the earth's crust, and bringing the under surface of the crust in

proximity to the heavier basic magma. This was suggested as

an explanation of the fact that the products of volcanic action

from such areas of subsidence were usually basalts rather than

rhyolites or obsidians, both of which last are derived from the

granitic magma.
Mr. W. J. Clunies Ross read a paper entitled

" Remarks on
Coral Reefs." Mr. W. J. C. Ross read a paper

" On the Dis-

covery of two Specimens of Fossil Lepidodendrons in the

Neighbourhood of Bathurst, New South Wales, and the

Inferences to be drawn from their Occurrence." One speci-
men was from the gravel of the Macquarie River, but its source

was too uncertain to be of much value. The other specimen,

although not actually found by the writer in situ, was received

by him from the finder, who was able to point out the exact

place from which it was obtained. This was about ten miles to

the east of Bathurst, in some one of a series of beds of grit and

quartzite forming the sides of a short valley, at the head of

which there was a succession of three waterfalls over hard bands

of quartzite, the uppermost fall being over a massive conglo-
merate. The grit bands contained abundant casts of Brachiopcds,

Spirifer, and Rhynconella, and the whole series of beds was
coloured on the geological sketch map of the colony as Silurian.

The late Mr. Wilkinson, however, classed the beds as Siluro-

Devonian ; and a very similar series at Rydal on the Western

Railway Line was mapped by him as Devonian. Rydal was
at least sixteen miles in a straight line from the locality at which

the fossil was found. Near Rydal there were beds containing a

Lepidodendron considered by Dr. Feistmantel and Mr. Carru-

thers as Lepidodendron nothtivi, and to be of Devonian age.
Mr. R. Etheridge, Jun., however, questioned the identification

of the species, and seemed to think it was Lepidodendron ansirah,

McCoy, which was generally considered to be Lower Carboni-
ferous. It was pointed out that the fossil now found was almo.-t

certainly derived from the grit beds containing Devonian

Brachiopods, and was probably of that age. If it were taken as

Carboniferous, then a rearrangement of the generally received

geology of a large part of New South Wales would be necessary.
As bearing on the probable Devonian age of the fossil, attention

was called to the fact that in the Lower Carboniferous beds of

Strand, N.S.W., there were two species of Lej idodendron, viz.

Z. Velthciniianum and Z. Volkmannianuvi. The fossil in

question did not resemble either of these forms, but appeared to

be either Z. notlni7n or Z, ausirale, and, whichever it was, it

was likely to be older than the Strand beds, and therefore can

hardly be younger than Devonian. The specimens in question
were exhibited, and the opinion of geologists desired on the

questions raised.
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INIr. J. H. Harvey discussed "The Application of Photo-

graphy to Geological Work." He urged the desirability of

having a photographer attached to every Geological Survey, and
the importance of conducting the photography of the various

surveys in a systematic and uniform manner. He submitted a

scheme in connection with the same, which, without a great
increase in the present expense, would, he considered, vastly
increase the value of the survey.'

Among the remaining papers were the following : "Sample
of Cone-in-cone Structure found at Picton, New South Wales,"
by Mr. A. J. Sachs ;

" Notes on the Permo- Carboniferous
Volcanic Rocks of New South Wales," by Prof. T. W^. E.

David ;

" Notes on the Advantages of a Federal School of

Mines for Australasia," by Mr. J. P'rovis.

SECTION D.

Prof. W. Baldwin Spencer, of the Melbourne University
dealt in his presidential address with the fresh-water and terres-

trial fauna of Tasmania. He described the various species
found in Tasmania, and the distribution of these in other parts
of Australia, showing that, in such forms as the fresh-water fish,

reptiles, and amphibia, those found in Tasmania and some in

Victoria were very closely allied. He dealt with the original
introduction of the ancestors of the present animals of Aus-

tralia, and the way in which the descendants of these had
become distributed over the various parts, including Tasmania,

Prof. Hutton, of Christchurch, New Zealand, read a paper on
"The Origin of the Struthious Birds of Australasia." The
struthious birds—that was, the ostriches, emus, cassowaries, and
kiwis—were confined to the southern hemisphere, except the
African ostrich, which ranged into Arabia, and they were sup-
posed to have originated in the northern hemisphere and

migrated southwards. But by this hypothesis there were great
difficulties in explaining how the struthious birds reached
Australia and New Zealand without being accompanied by
placental mammals. Also the struthious birds of New Zealand,

including the lately extinct moas, were smaller, and make a
nearer approach to the flying birds, from which the struthioivs

birds were descended, than did any of the others, and they
should expect to find the least altered forms near the place of

origin. The tiuamus of Central and South America, although
flying birds, resembled the New Zealand struthious birds in

several particulars ; and as a former connection between New
Zealand aud South America was shown by the plants, the frogs,
and the land shells, it seemed more probable that the struthious

birds of Australasia originated in the neighbourhood of New
Zealand from flying birds related to the tinamus, and that they
spread from thence into Australia and New Guinea, rather than
that they should have migrated southwards from Asia. Prob-

ably the ostriches of Africa and South America have a different

line of descent from the struthious birds of Australasia, and
might have originated from swimming birds in the northern

hemisphere.
Prof. Spencer read a paper "On the Habits of Ceratodus, the

Lung Fish of Queensland." This fish, he stated, lives only in

the Burnett and Mary Rivers in Queensland, and belongs to a
small group which may be regarded as intermediate between
fishes on the one hand and amphibia on the other. The swimming
bladder present in ordinary fishes has become modified so that
it functions as a lung. In Africa, Protopterus, a form closely
allied to Ceratodus, makes for itself a cocoon of mud, in which

during the hot, dry season it lives and can breathe by means of
its lung. The Ceratodus, however, does not appear to do
this, and probably never leaves the water. It comes continually
to the surface,- and passes out and takes in air, making a faint

spouting noise. The author suggested that the lung was of

the greatest service to the animal, not during the hot, but

during the wet season, when the rivers were flooded, and the
water thick with the sand brought down from the surrounding
country. With regard to its food, Ceratodus appeared to be

herbivorous, feeding, at all events largely, on vegetable matter,
such as the seeds of gum-trees which tumble into the water.

Papers were contributed by Mr. F. M. Bailey, Government
Botanist of Queensland, on "Queensland Fungus Blights";
by Colonel W. V. Legge on " The Geographical Distribution of
Australian Limicolte"

; by Mr. John Shirley on "A Re-

arrangement of the Queensland Lichens
"

; and by Mr. A. F.
Robin on "The Preservation of Native Plants and Animals."

Mr. W. A. Weymouth contributed a classified list of Tas-
manian mosses, based on Hooker's " Flora of Tasmania "

1853-59), Mitten's "Australian Mosses" (1882), Bastow's

"Mosses of Tasmania" (1886), and his own collections

(1887-91), as determined by Emopean specialists.

SECTION E.

GEOGRAPHY.

Captain Pasco, R.N., President of the Section, referred in his

opening address to early discoveries in Australia. The exploration
of the island of Tasmania, and the opening up of its varied re-

sources, were begun by Sir John Franklin. Hemightberec'ignized
as the founder of the Royal Society of Tasmania, and distinguished
himself in 1842 by crossing the island from New Norfolk to

Macquarie Harbour. Half a century ago Australia was con-

sidered to be a vast desert, containing possibly an inland sea, but

Stuart, McDowail, Gregory, Forest, Giles, and others had dis-

sipated that idea by exploring the continent from one side to

the other. He further dealt with the tides and currents of the

ocean, and their effects generally upon the earth, the tempera-
ture and saltness of sea-water, and the direction and force of

the currents and times of high and low water. He concluded

by saying there was still a considerable area of this globe to be

subdued and peaceable dominion obtained within the Antarctic

Circle. Though Sir James Ross unfurled the British banner on
an island contiguous to the continent or extensive archipelago
(as the case might be), yet almost a blank upon the map
awaited the enterprise of the Anglo-Saxons located in the

southern hemisphere to emulate their forefathers in the north

by opening up the frozen zone.

Mr. James M. Clymont, Koonya, Tasmania, read a paper on
" The Influence of Spanish and Portuguese Discoveries during
the First Twenty Years of the Sixteenth Century on the Theory
of an Antipodal Southern Continent." Mr. D. Murray gave
an account (f Mr. Lindsay's expedition in Western Australia

under the auspices of Sir Thos. Elder, giving extracts from his

despatches, narrating the journey from Fort Mueller to Queen
Victoria Springs, and thence to the Frazer Ranges. Want of

water had been a great and unexpected difficulty. There
seemed to have been a complete drought for at least a year over

this part of the continent. In the discussion ensuing, the

question of artesian wells was raised, and Mr. Murray explained
that while some of these wells in South Australia were unfit for

irrigation purposes, owing to the superabundance of salts of

soda, yet they were good enough for stock, &c., and that both
further north and further east over large areas the wells gave
water suitable for all purposes.

Papers were contributed by Dr. Frazer, on " Volcanic Pheno-
mena in Samoa in 1886"

; by the Rev. J. B. W. Woollnough,
on " Iceland and the Icelander"

; by Captain Moore, R.N., on
"A iMagnetic Shoal near Cossack, W.A. "

; and by Mr. A. C.

Macdonald, on "The Life and Works of Sir John Franklin."
An elaborate and valuable paper on " Recent Explorations

and Discoveries in British New Guinea," was read by Mr. J. P.

Thomson. Referring to the natives, Mr. Thomson spoke of

their numerous tribal divisions, and of the almost correspondingly
different languages or dialects spoken by them. Even in localities

separated by only a few miles, the dialects spoken differ the one
from the other in some cases considerably. The Motu, which
is the language spoken and taught by the missionaries at Port

Moresby, is understood over a considerable area, both east and
west of that place, but outside that neighbourhood changes
and variations occur, so that at the head of the Great Papuan
Gulf, and in the Fly Basin, the Motu language is a foreign

tongue. The same applies to the eastern end, and to the
islands adjacent thereto, where the philological variations are
numerous and conflicting. While in the one case the people
met with in the highland zones of the Owen Stanley Range
spoke a dialect akin to that of the Papuan, those encountered on
the Upper Fly River expressed themselves in a tongue, every
word of which apparently differed from that spoken by the
tribes of the lower regions, and from that spoken by any known
coastal community, notwithstanding that the people themselves
exhibited no evidence of possessing distinctive characteristics of

race, the only marked contrast being in lightness of colour.

In the western division the same diversity of speech is met

with, where neighbouring tribes are unable to hold intercourse

one with the other, even if friendly, by reason of incompatibility
of language. No doubt this may in some measure be accounted.
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for by local environment ; constant civil intertribal war being the

means of isolating communities, so that no friendly intercourse is

held, by reason of which, together with other attendant causes, an

incongruity of language may have unknowingly been established.

"With reference to geology, Mr. Thomson said it was sorne-

what remarkable that the general geological features of British

Papua are in a very considerable degree identical in character

with those of Australia, several specimens being coincident with

those of the Silurian series from gold-fields in New South Wales,
while some of the fossiliferous rocks were obtained from beds of

clay similar to those at Geelong and Cape Otway in Victoria.

Mineral areas of great value might yet await discovery by the

penetrating eyes of British pluck and enterprise in Papua.

SECTION F.

ECONOMICS AND SOCIAL SCIENCE AND STATISTICS.

Mr. R. Teece, President, chose for the subject of his open-

ing address, "The New Theory of the Relation of Profit and

Wages." Papers were contributed by Mr, Alfred de Lissa,

Sydney, on " The Organization of Industry
"
;by the Hon. N. j.

Brown, Tasmania, on " The Incidence of Taxation
"

; by Mr.

H. H. Hayter, Government Statistician, Victoria, on "Disturb-
ance of Population Estimates by Defective Records "

; by Mr.

A. J. Ogilvy, on "
Is Capital the Result of Abstinence ?

"
; by

Mrs. A. Morton, Tasmania, on "The Past Attitude of Capital
towards Labour, and the Present Attitude of Labour towards

Capital
"

; by Mr. T. A. Coghlan, Government Statistician,

N.S.W., on "The Wealth of Australasia
"

; by Mr. A. J.

Taylor, Hobart, on " The Value of Labour in relation to the

Production of Wealth regarded from the Standpoint of a

Physicist
"

; and by Mr. E. P. Nesbit, South Australia, on

"Insanity and Crime."

SECTION G.

ANTHROPOLOGY.

The Rev. Lorimer Fison, President, said in the course of his

opening address that in anthropological study the two main

things required were first a patient continuance in collecting

facts, and second the faculty of seeing in them what is seen by
the natives themselves. But the natural tendency to form a

theory as soon as a fact was seized, and looking at facts in

savagery from the mental standpoint of civilized man, would
lead investigators into fatal mistakes. The best way to gain
information was to live with the natives, learn their language,
and gain their confidence, or get information from the men living

amongst them. References to aborigines, their manners and

customs, in books, might be collected and classified by many
readers, and thus facilitate investigation. In conclusion he
dwelt upon the magnificent and all but untrodden field afforded

by British New Guinea and its outlying groups of islands
;
and

two extremely valuable books—the Rev. Dr. Codrington's on
" The Melanesian Tribes," and " The Maori Polynesian Com-
parative Dictionary," by Mr. Edward Tregear, of New Zealand—were recommended for study.
The Rev. Dr. Gill, who has spent thirty-three years as a

missionary in the Hervey Islands, read papers on " The Story
of Tie and Rie" and "The Omens of Pregnancy," the latter

having reference to superstitions still current in the island of

Mangaia.
A paper on " New Britain and its People

" was read by the

Rev. B. Danks. According to the author, the bush people
differ very much from the coast tribes, the latter being evidently
invaders and conquerors.
Some interesting details as to "

Sydney Natives Fifty Years

ago," were given by the Rev. W. B. Clarke. Among other

papers were the following :

"
Group Marriage and Relation-

ship" and "The Nair Polyandry and the Dieri-Dieri Pirauru,"

by ihe Rev. L. Fison ; "The Samoa and Loyalty Islands," by
the Rev. S.Ella; "The Cave Paintings of Australia," by the
Rev. J. Matthew ; "The New Hebrides," by the Rev. D. Mac-
donald

;

" The Origin of the Sense of Duty," by Mr. Alex.
Sutherland ; "Notes on the Taunese," by the Rev. W. Gray.

SECTION H.

SANITARY SCIENCE AND HYGIENE.

Prof. W. H. Warren, of the University of Sydney, gave in his

residential address a sketch of sanitary engineering from its

earliest days, and then proceeded to discuss the various schemes
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which have been proposed for disposing of the sewerage of

towns.
Dr. James read a paper on " Cremation as a Step in Sanitary

Reform." Papers were also contributed by Dr. E. O. Giblin, on
" The Etiology of Typhoid" ; by Miss Violet Mackenzie, on

"Physical Education and Exercise in Schools" ; by Dr. Bar-

nard, on "
Infection in Disease" ; and by Dr. A. Moulton, on

"
Sewerage of a Seaside City."

SECTION I.

LITERATURE AND FINE ARTS.

This Section, although it assembled for the last time at the

Hobart meeting, proved to be very popular. The President,
Prof. Morris, of the University of Melbourne, referred in his

opening address to the subject of Universities in Australia.

He urged that it was not wise to multiply Universities.
" In this

matter," he said, "the law of supply and demand cannot be

trusted, if it ever can be in the matter of education; and the

Legislatures should be very careful not to permit the promiscuous
conferring of degrees. Let them increase teaching facilities as

much as generosity may make possible ;
do not lower the stan-

dard, as at least in the higher education competition does. In
America there are five or six degree- giving Universities to every
million inhabitants, and a degree by itself has no value. If

Australia were one country, as it ought to be, two Universities

would probably be quite enough, or, better still, even one, but it

would need to be arranged somewhat on the pattern of the Univer-

sity of New Zealand, with teaching bodies in different places, but

one uniform standard of examination for each degree. This

would lead to emulation between the different teaching Colleges,
and would surely have happy results. Unfortunately Australia

is not one, and at present it looks as if, in spite of the wishes of

the people, our absurd divisions were likely to continue. Yet it

is worth consideration whether the Universities might not agree

upon a common standard, and arrange that the courses in the

Universities of the different colonies should be parallel and

homogeneous. Educated men should be the first to show that

the day of discord is over, and to welcome the arrival of unity
and co-operation."

Among the contributions to the proceedings of this Section

were papers on "Elementary Science in Primary Schools," by
Mr. James Rule, senior inspector of schools, Tasmania;
"
Secondary Education in Australia," by Mr. Percy A. Robin ;

and " The Rationale of Examinations," by Mr. F. J. Young.
A Committee was formed to establish a Home Reading Union
for Australia.

SECTION J.

ENGINEERING AND ARCHITECTURE.

Mr. C. Napier Bell, President, referred in his opening
address to sanitary engineering. In Australia, he said, the

best attention of engineers should be devoted to sanitary

engineering ; first, to cleanse the towns, and second, to save the

sewage to irrigate the land. On this subject Australian

engineers should pause before copying the practice of Europe,

which, enjoying an abundant rainfall, has never felt the same

necessity for irrigation, and has had abundant stores of fossil

manure to draw upon. Water irrigation was even more

important, and he foresaw for engineers a noble task in providing

irrigation for Australia. After dealing with the irrigation works
of the older countries, he touched upon the importance of

mining and electrical engineering. Then he remarked the

neglect of warming and ventilation by architects and engineers,
and argued that in the climate of Australia the art of cooling
must certainly become as important as that of heating. In

conclusion, he explained the necessity for sound theoretical and
scientific knowledge in the engineer, and said that if the people
of the colonies would entertain the honourable ambition, once

more popular than now, of being remembered to the distant

ages of the future, they must emulate those mighty peoples of

the past who left imperishable records of their life in the ruins of

their vast public works.

Among the papers read in this Section was one by Mr. Edward

Dobson, on "The Evidence for the Prevalence of Human
Habitations in Prehistoric Times." It was devoted to

showing that, whilst rectangular forms prevailed in the early

buildings of the East and in North America, the circular form
had prevailed through Africa (with the exception of the Nile

Valley) and through Switzerland and Northern Europe, in
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Lapland and Gr.,^enland, and inquiry was raised as to the causes

of these facts.

Mr. A. North read a paper on "The Truthful Treatment of

Brickwork."

At the closing meeting of the Council, on February 14, the

following general officers were appointed : —Treasurer, Mr. H.
C. Russell, Sydney ; Secretary for Tasmania, Mr. A. Morton ;

for New Zealand, Prof. Packer, Prof. Thomas, and Mr. D. B.

Brandon ; for Victoria, Mr. A. H. S. Lucas
;
for Queensland,

Mr. J. Shirley.

THE DRAPER CATALOGUE OF STELLAR
SPECTRA.

'T'HE Observatory of Harvard College has played a promi-
-*- nent part in the development of astronomical photography.

It was here, on July 17, 1850, that Prof. Bond obtained the

first photographic image of a star, and from that time forward

much important work has been accomplished, culminating in

the Draper Catalogue of the photographic spectra of 10,347
.<:tars. The progress of this latter branch of astronomical work
has been but slow, and it is a remarkable fact that its extra-

ordinary development during the last few years has followed

from the revival by Prof. Pickering of the method of observa-

tion first employed by Fraunhofer in 1824. Accounts of the

progress of the work have been published from time to time, and
have been noticed in our columns. A complete account of the
"
Preparation and Discussion of the Draper Catalogue," which

has recently been issued, forms vol. xxvi., part i., of the

Annals of the Astronomical Observatory 0/ Harvard College.

The earlier attempts to photograph the s])ectra of the stars

were made with spectroscopes having slits, although, from the

time of Fraunhofer, it was recognized that a slit was not an

essential part of a stellar spectroscope. In 1863, Dr. Huggins
succeeded in photographing the spectrum of Sirius, but none of

the characteristic lines were visible. In 1872 Dr. Henry
Draper, to whose labours in the field of astronomical photo-

graphy the Draper Catalogue forms a fitting memorial, suc-

ceeded in obtaining a photograph showing four lines in the

spectrum of Vega. Dr. Huggins again took up the work, and
since 1879 has obtained a considerable number of photographs,
none of which, however, appear to show anything approaching
the amount of detail now obtainable. In all these attempts the

spectroscope was attached to the eye end of the telescope, so

that the image of the star was formed on the slit, a cylindrical
lens being interposed in order to give width to the spectrum.

In the method which has been so pre-eminently successful,

the slit and collimator, which form an essential part of an

ordinary spectroscope, are dispensed with, the rays from a

star already possessing the necessary parallelism and its image
being almost a perfect slit without length. It is only necessary,

therefore, to fix a prism in front of the objective of a telescope,
and to introduce some means of widening the spectrum, to

obtain a complete stellar spectroscope. For eye observations

the necessary width is obtained by the use of a cylindrical lens

in conjunction with the eyepiece of the telescope. For photo-

graphic work, the prisms are so arranged that the spectrum lies

along a meridian, and it is then only necessary to allow the

driving clock to be slightly in error to obtain a widened

spectrum. The clock error must of course vary according to the

magnitude and declination of the star.

The great advantage of the
"

slitless spectroscope
"

depends
upon the fact that every scrap of light passing through the object-

glass is utilized ; with the ordinary spectroscope it will seldom

happen that all the light passes through the slit, and it is further

reduced by absorption in the lenses and prisms of the spectro-

scope. Further, on account of the large focal length of the

telescopes employed, a high dispersion is obtained even with a

prism of small angle ; and a large number of spectra can be

photographed at a single exposure. Prof. Pickering has photo-

graphed the spectra of as many as 260 stars on the same plate,
and the labour involved in the construction of the Draper
Catalogue has thus been enormously reduced. Indeed, the

whole of the 10,347 spectra were photographed on 585 plates.
The improvement in photographic processes has undoubtedly
done much to facilitate the work, but it is lamentable that the

"wholesale" method was not applied twenty years ago, for

even with the less perfect processes then in vogue, our knowledge
would have been much advanced.

An important feature of Prof. Pickering's work is the method
of enlargement of the negatives, which renders the fainter

lines clearly visible.
" The negative is covered by a diaphragm,

having a slit in it which is made to coincide with the spectrum.
An image is then formed by an enlarging lens in the usual way.
A cylindrical lens is next interposed near the enlarging lens,

with its axis perpendicular to the lines in the spectrum. The
width of the latter may thus be increased indefinitely without

changing the length. In the case of faint stars very narrow

spectra only can be obtained. Their energy is so feeble that

they are capable of decomposing the silver particles only if

allowed to fall upon them for a long time. In the enlargement
the energy of the sun is substituted for that of the star, and thus

an indefinite number of silver particles may be decomposed."
(Introduction, p. xix. )

The original negative may, perhaps,
be compared to a "relay

"
in electrical apparatus.

The preparation of the Draper Catalogue involved five

different steps, which are thus stated on p. 74 :
—

I. Measurement of the spectra on each plate, including the

determination of their positions, intensities, and the classes to

which they belong.
II. Identification of each spectrum with that of a star in the

Durchmusterung or other catalogue.
III. Reduction of the measures of brightness to the scale of

the Harvard Photometry.
IV. Catalogues of plates.

V. Preparation of the final catalogue, bringing forward the

places of all the stars to 1900, including various methods of

checking and correcting the results.

That a catalogue of spectra may be of service to astronomers,
a sound system of classification is essential, and this, as far as

possible, should have some reference to chemical or physical
constitution. The notable classifications which were suggested

by eye observations were those of Secchi, Vogel, and Lockyer,
but it is not surprising to find that the greater detail shown on

the photographic plates requires modifications of these in order

that all the spectra may be included. A detailed but some-

what arbitrary classification has been adopted by Prof. Pickering,
the chief merit of which is that it readily lends itself to transla-

tion into other systems. Varieties of Secchi's first type are

indicated by the letters A, B, C, D, those of the second type by
the letters E to L, of the third type by M, and of the fourth

type by N
; bright line stars are referred to as O, planetary

nebulae as P, and other spectra as Q. Of the varieties of the

first type, A includes all the stars with spectra similar to Sirius,

and B those with spectra of the Rigel type, in which, in addition

to lines of hydrogen, there is a small number of strong lines of

which the origins are at present unknown.
Results of special interest, such as the discovery of bright

lines in the spectra of variable stars of long period, have already
been referred to in Nature, and we shall now confine ourselves

to the more general results. As some of the most interesting

spectra belong to stars of small magnitude, it is necessary to be

very guarded in making generalizations. Still, the fact that

Prof. Pickering's researches have extended in some cases to

stars of the ninth and tenth magnitude perhaps justifies the

assumption that all types of spectra are now included. We
cannot do better than let Prof. Pickering speak for himself.

"The general conclusion derived from the study of these

spectra, is the marked similarity in constitution of the different

stars. A large part of them—those of the first type
—have a

spectrum which at first sight seems to be continuous, except that

it is traversed by broad dark bands due to hydrogen. Closer

inspection shows that the K line is also present as a fine dark

line. If the dispersion is large and the definition good, many
more dark lines are visible, as stated above. These lines may
be divided into two classes— first, those which predominate in

many stars in the Milky Way, especially in the constellation of

Orion ; and, second, those present in the solar spectrum.

Nearly all the brighter stars may be arranged in a series, begin-

ning with those in Orion, in which the auxiliary lines are nearly
as intense as those due to hydrogen. Other stars may be found,
in which these lines successively become fainter and fainter,

until they have nearly disappeared. The more marked solar

lines then appear, become stronger and stronger, and the

hydrogen lines fainter, until they gradually merge into a

spectrum identical with that of the sun. At least, several

hundred lines appear to be identical, and no differences can be

detected. Continuing the sequence, the spectra pass gradually
into those of the third type. Certain bands become more
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marked, and the spectra of the third type may be divided into

four classes. In the fourth of these classes the hydrogen lines

are bright instead of dark. This spectrum seems to be charac-

teristic of the variable stars of long period when near their

maximum. As stated above, it has led to the detection of several

new variable stars, and has been confirmed in many of the

known variables. Slight peculiarities are noticed in the spectra
of many stars, so that they cannot be arranged in an exact

sequence ;
but these deviations are not sufficient to affect the

general law. The number of stars not included in the above
classification is very small. A few stars like 7 Cassiopeias,
;8 Lyrae, and S Centauri resemble the stars of the Orion type,
but some of the lines are bright instead of dark. Stars of the

fourth type, whose spectra appear to be identical with that of

carbon, are not included in the above classification. Other stars,

whose spectra consist mainly of bright lines, like those of the

planetary nebulae, may be included with them in a fifth class.

It also appears that the position of the lines in both cases is

probably identical with that of corresponding lines in stars of

the Orion type." (Introduction, p. xvii.)
It would be difficult to find fault with the masterly way in

which Prof. Pickering and his assistants have done their work.
Our chief source of complaint, which no doubt arises more from

impatience than anything else, is the lack of detail with regard
to the spectra themselves. For investigations to which such
a work as the Draper Catalogue should naturally lead, a mere
estimation of the type of spectrum serves for little more than a
determination of the relative numbers and distribution of the

spectra of the various types. For the present, however, this is

practically all that Prof. Pickering tells us. We are left quite
in the dark, for instance, as to what is actually seen in the

photographs of the spectra of stars of Secchi's fourth type,
although we are informed that the photographic spectra are as

characteristic as the visual. It would be interesting too, to know
the diffisrences in the sub-divisions of Secchi's third type.

All stars north of - 20° of the fourth magnitude and brighter
have been photographed on a large scale with the ii-inch re-

fractor, and a discussion of these will occupy a subsequent
volume of the "Annals." This will be awaited with interest

by all who are engaged in researches in astronomical physics.
We are delighted to find that the work of the Henr" Draper

Memorial is to be extended beyond the mere routine of photo-
graphing stellar spectra.

" A broader field has been assigned
to the Henry Draper Memorial by Mrs. Draper than was at

first proposed. Instead of confining its work to the study of
the spectra of the stars, their physical properties in general will

be investigated. The liberal support given to it should give yet
more striking results in the future than have hitherto been
attained." (Introduction, p. xxiv.)

Laboratory work has already been commenced, and to aid
the study of spectra in the electric arc, a lo-h.p. dynamo has
been generously presented by the Edison Electric Co.

In the final chapter the Draper Catalogue is discussed with
reference to the visual observations of Vogel and Konkoly. A
similar comparison has already been given in Nature, vol. xliv.

P- 133. by Mr. Espin, and we need not further refer to it. We
regret to find, however, that a discussion of the photographic
spectra in relation to the new classification suggested by Mr.
Lockyer has not been included.

It will be a source of gratification to Mr. Lockyer to find that
his suggestion that stars of the W^lf-Rayet type are the first

results of nebulous condensations is fully confirmed by Prof.

Pickering's work. Their spectra greatly resemble those of the

planetary nebulae, the chief difference being that the charac-
teristic nebula line near wave-length 500 is absent. This, Mr.
Lockyer explains, is due to increased temperature, and this
view is strengthened by the fact that the line was seen only during
the later stages of the visibility of Nova Cygni. Nebula: and
bright line stars form Group I. of his classification.

So far, this is the chief point where the Draper Catalogue
throws any additional light on Mr. Lockyer's views, and further
discussion must be reserved until more details of the spectra are

published.
The "

distribution of spectra
"

forms the subject of chapter
vii., and we gather that the stars down to magnitude 6 25 are
distributed as follows among the different classes of spectra :

—
Class A ... 061
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the Professorship of Botany ; Prof. Dewar an Elector to the

Professorship of Chemistry ; Prof Liveing an Elector to the

Jacksonian Professorship ; Prof. G. H. Darwin an Elector to

the Cavendish Professorship of Physics ; Prof. Sir G. G. Stokes

an Elector to the Professorship of Mineralogy ; Dr. J. Hopkin-
son an Elector to the Professorship of Mechanism and Applied
Mechanics ; Prof. Ray Lankester an Elector to the Professor-

ship of Zoology ; Mr. W. H. Hudleston to the Woodwardian

Professorship of Geology ; and Dr. Gaskell an Elector to the

Professorship of Physiology.
At the Congregation on February 25, graces for the establish-

ment of two lectureships in Agricultural Science, one of which
should be held by a Director of Agricultural Studies, were

rejected by 103 votes to 91. A grace for the appointment of a

Syndicate to consider the question of degrees in science was

rejected by 154 votes to 105. The latter was opposed by a

number of the teachers in natural science, as tending to place
their students in a position of isolation, and perhaps of inferiority,

as compared with others.

The Rev. W, M. Campion, D.D., Fourth Wrangler in

the Mathematical Tripos of 1849, and formerly an Examiner
for the Mathematical and Moral Sciences Tripos, was on

February 23 unanimously elected President of Queen's College,
in succession to the late Dr. G. Phillips.

SOCIETIES AND ACADEMIES.
London.

Royal Society, February 25.
— "Note on the New Star in

Auriga" By J. Norman Lockyer, F. R.S.

Since my note of February 11, observations of the new star

have only been possible at Kensington on seven evenings—
namely, February 11, 12, 13, 16, 22, 23, and 24. The 13th
and 22nd were the only two very fine nights.
The star now appears to be fading. In the photograph of

the region taken on February 3, the Nova appeared to be

brighter than x Aurigse (magnitude 5"o), but in that taken on

February 23 it is not brighter than the companion to this star,

which is fainter than sixth magnitude. No marked diminution
in brightness was noticed before February 22.

The colour has not appreciably changed since the star was
first observed.

Photographs of the spectrum were attempted on all the dates

named. Those of February il, 12, 16, and 23, however, were

insufficiently exposed, but they show that the dark lines were
still more refrangible than the accompanying bright ones, and
that the same lines were present as in the previous photographs.
A plate was exposed for 2 hours 35 minutes on February
24, but no impression was obtained. The photograph taken

on February 13 is identical with those referred to in the notes

which I have already communicated to the Society. In the

three photographs of February 22, there appears to be a slight
diminution in the intensity of the H and K lines, but otherwise

there is no decided change.
There is no evidence of revolution during the twenty days of

observation. In all the photographs the dark lines are more

refrangible than the bright ones, and the relative velocity de-

duced from those of February 3, 7, 13, and 22 appears to be
about 600 miles per second. As this only represents the velocity
in the line of sight, we are still ignorant of the real velocities of
the two bodies. The constant relative velocity indicated by
the di>placement of the bright and dark lines may be regarded
as confirming the supposition that two meteor-swarms or comets
have collided, the velocities being so great, and the masses so

small, that neither was captured by the other.

The relative velocity of 600 miles per second seems at first

sight to be abnormally great, but if we regard each of the com-

ponent swarms as moving at the rate of 300 miles per second, the

velocities are quite comparable with those of other bodies in

space. The star 1830 Groombridge, for example, moves at the
rate of 200 miles per second across the line of sight, and its real

velocity may be much greater.

Eye observations have been made on every available occasion.

The chief variation froan those previously reported is the general

fading of the continuous spectrum, and the consequent unmasking
of the lines between b and D. Micrometric measures of four

new lines in this region were made by Mr. Fowler on February
23 and 24. These, with the other lines observed at Kensington in

the region F to C, are shown in the table which follows. The
corresponding lines observed in the spectra of new stars which
have previously appeared, and those in the spectra of some of

the bright- line stars, are added for comparison.

Nova Aurigae.

Feb. 23.
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pended. If au electrolyte be added to a liquid containing such

particles in a state of pedetic motion, the movement is soon

arrested, owing to the particles touching one another, and co-

hering to form clots or clusters. If no electrolyte be present,

the particles do not tend to touch each other. From micro-

scopic observations, it is calculated that a particle with a mass

of 2-8 X 10"^- grams moves through, approximately, its own

diameter, 1-4 x 10"^ cm., in a second. Such a particle has

one hundred billion times the estimated mass of a water mole-

cule ; hence, if its pedetic motion be produced by bombardment
from water molecules, these must exist in complex groups of

considerable mass and some stability. The fact that pedesis is

stopped by the addition of an electrolyte would appear to in-

dicate that the water complices are disintegrated in the presence
of ions. The effect of pedetic motion in a liquid is to cause

hydrostatic pressure ; such hydrostatic pressure would be less

on a membrane capable of penetration by the molecular aggre-

gates or particles than on one not so permeable. It is not

unlikely that thesr; particles obey gaseous laws in regard to

pressure on the sides of the containing vessel, as microscopic
observations show that the relative velocity of the particles

depends on their mass and density. L. Meyer has pointed out

the great discrepancies existing between measurements of the

osmotic pressures of solutions and the pressures calculated on

the assumption that the dissolved substances obey gaseous laws.

These discrepancies may be best explained by considering that

combination of the dissolved substance with the membrane walls

takes place, and that, subsequently, dissociation of the compound
occurs at the other side of the cell wall, as in the case of hydro-

gen penetrating a palladium diaphragm. The author is dis-

posed to conclude that solution is merely subdivision and admix-

ture, accompanied by pedetic motion, that the true osmotic

pressure has never been measured, and that a continuous passage
can be traced between visible particles in suspension and matter

in solution.—The acid action of drawing-paper of different

makes, by W. N. Hartley. An examination of numerous

samples of the best drawing-papers shows that they all con-

tain free sulphuric acid. Water in which the paper has been

steeped yields a precipitate of barium sulphate, and solutions

of helianthin and azolitmin painted on to the paper give the

acid reaction.—The interactions occurring in flames : a cor-

respondence between Sir G. G. Stokes and H. E. Arm-

strong. Sir G. Stokes considers that the facility with which

steam is decomposed by glowing carbon favours the view that,

at a high temperature, oxygen coubines with carbon in preference
to hydrogen. He considers it necessary to distinguish carefully
between the changes which take place in the partial combustion

of a molecule and those which are produced in neighbouring
molecules as a result of the heat liberated. This latter change
may be termed a thermo-chemical one, in contradistinction to

a pure chemical change. In the blue base of a candle flame,
where oxygen is plentiful, pure chemical change may occur.

The blue part envelops for a little way the highly luminous

shell in which glowing carbon is present. This carbon may
owe its origin to a thermo-chemical change, the heat being
derived from the pure chemical change occurring just outside it.

The hydrocarbon spectrum may be due to a gas formed by a

pure chemical change ; this gas is generally supposed to be

acetylene, but Sir G. Stokes considers that it is more probably
methane. This unknown gas is a hydrocarbon, which, when
burnt in the pure state, would show but feebly, if at all, the

hydrocarbon spectrum. For, in order that it should show its

spectrum, its molecule must be in a state of violent agitation ;

this might be expected to be the case if it had just been formed
as the result of partial decomposition, but would not be so

merely because it was going to be destroyed by union with

oxygen. Dr. Armstrong, while admitting that the facts do not

justify the assertion that oxygen combines with hydrogen in

preference to carbon when a hydrocarbon is burnt with insuf-

ficient oxygen, is unprepared to adopt the view, advocated by
Sir G. Stokes and Prof. Smithells, that the carbon is the more

combustible, and thinks that the actual condition of affairs is

far less simple than is expressed in the statement of either of

these views. There seems to be very little opportunity in

flames for simple heat changes to occur, the molecules of dif-

ferent kinds being so mixed up together. Thus opportunity is

given for interactions to occur, the end result of which is the

same as that of a simple heat change of the chief substance

concerned ; merely because a change occurring at one moment
is reversed the next, and so escapes notice. In this way, con-
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tiguous molecules may play the part of surfaces, and that there

can be little doubt that such actions are of primary impoitance

may be inferred from the well-known fact that the extent to

which the dissociation of water vapour takes place depends on

the character of the surface in contact with which it is heated,

and not solely on the temperature. In fine, it seems permis-
sible to doubt whether, under the conditions present in flanies,

carbon is ever separated by simple heat changes. It will certainly

be unwise at present to infer that the oxidation of the hydro-

carbons, or the separation of carbon and also of hydrogen from

them, takes place entirely in any one way.
—

Properties of alco-

holic and other solutions of mercuric and other chlorides, by

S. Skinner. The author has determined the variation in the

boiling-point of alcohol produced by dissolving it in mercuric,

lithium, magnesium, and calcium chlorides, as well as the

variation in the boiling-point of a solution of hydrogen chloride

of constant boiling-point produced by mercuric chloride. He
has also studied the distribution of mercuric chloride between

the two solvents, water and ether. The results indicate that

mercuric chloride affords a case in which the measure of the

property is a simple function of the quantity of salt present,

whereas in the case of the other chlorides, the measure of the

property involves some higher power.
—The isomeric a-bromo-

cinnamic acids, by S. Ruhemann. An account is given of

experiments on the action of ammonia and phenylhydrazine
on the a-bromocinnamic acids.

Entomological Society, February 10.—Mr. Frederick

DuCane Godman, F.R.S., President, in the chair.—The

President nominated Lord Walsingham, F.R.S., Captam Henry

John Elwes, and Dr. D. Sharp, F.R.S., Vice-Presidents for

the session 1892-93.—Mr E. Meyrick exhibited a number of

specimens of FAiproctis fulviceps. Walk., taken by Mr. Barnard,

showing the extraordinary variation of this Tasmanian species, all

the males of which had been " sembled
"
by one female. The

males were represented by various forms ranging from black to

white, which had all been described as distinct species. Dr.

Sharp, Mr. Hampson, Mr. McLachlan, Colonel Swinhoe, Mr.

Elwes, Mr. Poulton, and Mr. Jacoby took part in the discussion

which ensued.—Dr. Sharp exhibited samples of pins which he

had tried for preventing verdigris, and stated that silver wire

was the best material to use, as insects on silver pins remained

intact, whilst those on gilt pins were destroyed by verdigris.—

Mr. G. T. Porritt exhibited a series of specimens representing

Huddersfield forms of Polia chi, including nearly melanic speci-

mens, found there during the last two seasons. He said these

forms had not hitherto been observed elsewhere.—Mr. Tutt

exhibited a series of Hadena pisi, comprising specimens very

grey in tint, others of an almost unicolorous red with but faint

markings, and others well marked with ochreous transverse

lines ;
three distinct forms of Hadaia dissimilis ; red and

grey forms of Panolis piniperda, and a dark form of Eupithecta

fraxmata; also a specimen of 6Via/Ma /£«2/a«a.—The Rev.

Dr. Walker exhibited specimens of Arge titea, A. lachesis, A.

psyche, A. thetis, and other species of the genus from the neigh-

bourhood of Athens ;
also specimens of Argynnis phcebe, taken

in Grenada in May 1891.—Mr. W. Farren exhibited a series of

specimens of Peronea variegana var. cirrana, and P. schal-

leriana var. latifasciana, from Scarborough ; Eupceciha vecti-

sana, from Wicken Fen ; and Elachista stibocellea, from Cam-

bridge.—Mr. G. A. J. Rothney sent for exhibition a number

of species of ants collected in Australia, in May and June 1886,

which had recently been named by Dr. Forel. The collection

included : Iridomyrmex pwpurens, Sm., /. rufoniger, Lowne,

/. gracilis, Lowne, /. itinerans, Lowne, Ectatomma metalhcuvi,

Sm., E. nudatum, E. itiayri, AphcBnogaster longiceps, Sm.,

Polyrhachis ammon. Fab., Myrtnecia nigriventris, Mayr, and

nigrocincta, Sm. ;
and a variety of Camponotus ruhigmosus,

Mayr, from Brisbane ; also a few species from Honolulu ;

and a species of Monomorium, which Dr. Forel had not

yet determined.—Mr. C. O. Waterhouse read a paper en-

titled
" Some Observations on the Mouth Organs of Diptera,

which was illustrated by numerous diagrams.
—Mr. E. Meyrick

read a paper entitled
" On the Classification of the Geo-

metrina of the European Fauna." Mr. Hampson, Mr. Elwes,

Mr. McLachlan, Colonel Swinhoe, Mr. Tutt, and Mr. Distant

took part in the discussion which ensued.

Zoological Society, February 16.— Osbert Salvin, F.R.S.,

Vice-President, in the chair.—Mr. W. T. Blanford, F.R.S.,

exhibited two heads and a skin of the Yarkand Stag, lent for
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exhibition by Major C. S. Cumberland, by whom they had been
obtained, and proposed the name of Cervtis elaphusyarkandensis
for this form.—Mr. Sclater exhibited and made remarlcs on some
living specimens of what are commonly called Spinning or

Japanese Mice.—Mr. Sclater also exhibited and made remarks
on some mounted heads of Antelopes from Somali-land, be-

longing to Captain Swayne, R.E., amongst which was an

example of the recently described Swayne's Hartebeeste(j9?<(Ja/7j-

swaynei).
—Mr. A. Smith-Woodward exhibited and made

remarks on examples of the supposed jaws and teeth of Bothrio

lepis from the Upper Devonian formation of Canada.—Mr. F.
E. Beddard read a paper containing the results of his examina-
tion of the Chimpanzee "Sally" and the Orang "George,"
lately living in the Society's Menagerie. The author's remarks
referred principally to the external characters and the muscular

anatomy of these Anthropoid Apes.
—A communication from

Mr. A. G. Butler gave an account of a collection of Lepidoptera
from Sandakan, North-East Borneo.—Mr. G. A. Boulenger
gave an account of a third collection of Fishes made by Surgeon-
Major A. S. G. Jayakar at Muscat, East Coast of Arabia,

Amongst these was a specimen of Histiopterus typus, a fish

described in "Fauna Japonica," but not since recognized; and
an example of a new species of Box, proposed to be called B.
lineatus.—A communication from Dr. W. R. Benham contained
a description of three new species of Earthworms from British

Colombia and South Africa. These were proposed to be called
Phitellus perrieri, Microchata papillata, 2.x\A. M. belli.—Mr. F.

E. Beddard read a paper on some new species of Earthworms of
the genus Perichata.—A communication was read from Dr. H.
Bolau, on the specimens of Heliaettis pelagicuszxiA H. branickii,
now living in the Zoological Gardens of Hamburg. Coloured

drawings of these nearly allied Sea- Eagles were exhibited.

Anthropological Institute, February 9.
—E. B. Brabrook,

Vice-President, in the chair.—Mr. Walhouse exhibited the skull

of a Dacoit leader from the Chin country on the Burmese and
Chinese frontier ; also a quiver and several other Chin objects
sent to him by Captain E. S. Hastings.

—The following papers
were also read :

—On the exploration of Howe Hill Barrow,
Duggleby, Yorkshire, by J. R. Mortimer ; and on the human
remains found in Howe Hill Barrow, by Dr. J, G. Garson.

Royal Meteorological Society, February 17.
—Dr. C.

Theodore Williams, President, in the chair.—The following
papers were read :

—The untenability of an atmospheric hypo-
thesis of epidemics, by the Hon. Rollo Russell. The author is

of opinion that no kind of epidemic or plague is conveyed by
the general atmosphere, but that all epidemics are caused by
human conditions and communications capable of control. In
this paper he investigates the manner of the propagation of

influenza, and gives the dates of the outbreaks in 1890 at a

large number of islands and other places in various parts of the
world. Mr. Russell says that there is no definite or known
atmospheric quality or movement on which the hypothesis of

atmospheric conveyance can rest, and when closely approached
it is found to be no more available than a phantom. Neither
lower nor upper currents have ever taken a year to cross Europe
from east to west, or adjusted their progress to the varying rate

of human intercourse. Like other maladies of high infective

capacity, influenza has spread most easily, other things being
equal, in cold calm weather, when ventilation in houses and
railway-cars is at a minimum, and when, perhaps, the breathing
organs are most open to attack. But large and rapid .com-
munications seem to be of much more importance than mere
climatic conditions. Across frozen and snow-covered countries
and tropical regions it is conveyed at a speed corresponding, not
with the movements of the atmosphere, but with the movements
of population and merchandise. Its indifference to soil and air,

apart from human habits depending on these, seems to eliminate
all considerations of outside natural surroundings, and to leave

only personal infectiveness, with all which this implies of subtle

transmission, to account for its propagation.
—The origin of

influenza epidemics, by Mr. H. Harries. The author has made
an investigation into the facts connected with the great eruption
of Krakatab in 1883, and the atmospheric phenomena which
were the direct outcome of that catastrophe. He has come to

the conclusion that the dust derived from the interior of the earth

may be considered the principal factor concerned in the pro-

pagation of the recent influenza epidemics, and that, as this

volcanic dust invaded the lower levels of the atmosphere, so a

peculiar form of sickness assailed man and beast.—Report on
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the phenological observations for 1891, by Mr. E. Mawley.
This report differs in many respects from the previous reports on
the same subject. Among other changes, the number of plants,

&c., selected for observation has been greatly reduced, while
the number of observers has considerably increased. The
winter of 1890-91 proved in England very destructive to the

root-crops, as well as to green vegetables and tender shrubs.
Birds also suflTered severely. In Scotland and Ireland, however,
there was scarcely any severe weather until March. The flower-

ing of wild plants was greatly retarded by cold in the spring,
but during the summer the departures from the average were not
so great. The harvest was late, and its ingathering much inter-

fered with by stormy weather.—Note on a lightning discharge
at Thornbury, Gloucestershire, July 22, 1891, by Dr. E. H^
Cook.

Edinburgh.

Royal Society, January 18.—Prof. Chrystal, Vice-President,
in the chair.— Prof. C. G. Knott read a paper on the magnetiza-
tion of iron by a current passing through it. The experiments
were an attempt to get some insight into the nature of circular

magnetization as it exists in an iron wire carrying a current.

Direct experiment seemed hopeless. Accordingly, tubes were
used, in which the circular magnetization was measured by the
induction current produced in a coil wound longitudinally round
the wall of the lube. The circular magnetization could be pro-
duced either by an axial current along a copper wire threading
the tube, or by a sectional current from end to end along the
tube itself. Several tubes of different bores were used in pairs,
the induction, axial or sectional, in one being balanced, by
adjustment of resistances in the secondary circuits, against the

induction, axial or sectional, under the influence of the same
current in the other. The average magnetic force acting round
the tube was calculated in accordance with the usual assump-
tions, and this, taken along with the observed induction, gave
an average permeability. The general result was that the
sectional induction ac ompanying a given current is greater
by about 7 per cent, than it would be if the usual theory
as to the relation between it and the axial current were accurate.
Direct experiment appreciably showed that a current flowing
through iron does not increase permeability to inductive forces

acting perpendicular to the current, so that the deviation men-
tioned must be due to the faultiness of the theory. With
greater current densities, such as exist in the circularly mag^
netized wire, this deviation may be even more pronounced.—A
paper, written by Mr. R. W. Western, on tactics adopted by
certain birds when flying in the wind, was read. In this paper
an attempt was made to explain the advance of certain birds

against the wind without motion of the wings.
—A paper, by

Dr. A. B. Griffiths, on ptomaines extracted from urine in
certain infectious diseases, was communicated.— Prof. Tait
read the second part of a paper on impact. In the series of

experiments described in this part of the paper, blocks of the
various substances dealt with, similar in shape to those used in

the first set of experiments, but larger in size than they were,
were used. The mass of the impinging body was also larger
than formerly, and in some experiments the part of it which
impinged upon the substance was made of a V -shape instead of
flat. The paper contained a comparison of the present results

with the former.—Prof. Tait also read a note on the critical

isothermal of carbonic acid as given by Amagat's experiments.
Throughout a considerable range of volume this isothermal is

practically flat.

February I.—The Rev. Prof. Flint, Vice-President, in

the chair.—A paper by Dr. Piazzi Smyth, formerly Astro-

nomer-Royal for Scotland, on the latest physical geography
from Greenland, was read.—A paper, by Mr. R. Brodie, on
the equilibrium and pressure of arches, with a practical method
of ascertaining their true shape, was communicated. The
method involves the use of a very simple and easily applied
geometrical construction.—Prof. Tait read a note on the isother-
malsof mixtures of gases. In this note reference was made to
a possible explanation of the flatness (indicated in Amagat's
recent experiments) of the critical isothermal of carbonic acid
near the critical point as due to the presence of a small quantity
of air.

Paris.

Academy of Sciences, February 22.—M. d'Abbadiein the
chair.—On a geometrical interpretation of the expression of an
angle with two normals infinitely close to a surface, and on its
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use in theories of the rolling of surfaces and gearings without

friction, by M. A. Resal.—On the theory of elasticity, by M.
H. Poincare.—On the magnetic disturbance of February 13 14,

by M. Mascart. It is stated that the instruments at the meteoro-

logical stations of Nice, Toulouse, Clermont, and Besancon
were disturbed during the recent magnetic storm in the same
manner as those at Perpignan, Lyons, Nantes, and Pare Saint-

Maur. An account is also given of an aurora observed on

February 14 by M. P. Lefebvre atTroyes, and M. de Roquigny-
Adanson at Parc-de-Baleine.—Note on a sun-spot observed at

Meudon Observatory from February 5 to February 17, by M. J.

Janssen.
—On the measurement of high temperatures ; reply to

some remarks made by M. H. le Chatelier, by M. Henri Becque-
rel.—Preparation of amorphous boron, by M. Henri Moissan.

(See Notes.)—On an improvement of automatic arrangements
for lifting water to great heights, employed in irrigation, by M.
Anatole de Caligny.—Researches on ethyl monochlor-, mono-

brom-, and monocyanacetoacetate, by MM. A. Haller and A.
Held. The monohalogen derivatives of ethyl acetoacetate react

sometimes as a and sometimes as 7 derivatives, and sometimes
as a mixture of o and 7 derivatives.—On the deformation of the

earth's crust, by M. Marcel Bertrand.—Photographs of the star

Nova Aurigae, taken at the Vatican Observatory, by M. F.

Denza. Two negatives were taken of the region about Nova
Aurigae on February 7. The telescope was moved slightly in

declination between successive exposures, so that each of the

negatives obtained showed five images of the Nova. The star

on the date of observation was said to be undoubtedly of the

fifth magnitude. Its image is not so clearly defined as are the

images of other stars on the same plates. Careful measurements
of position made with the meridian instrument of the Observatory
give the values R.A. 5h. 25m. 3'4s. , Decl. 30" 21' 42" 'o.—On algebraic integrals of differential equations of the first

order, by M. Leon Autonne.—On maximum elastic deforma-
tion of metallic arcs, by M. Bertrand de Fontvioland.—Relation
of the magnetic disturbance of February 13-14 to solar pheno-
mena, by M. E. Marchand.—Researches on the realization of

the spheroidal state in boilers, by M. A. Witz. Experiments
have been made by the author to determine the duration of

evaporation of water on heated metals.—On the solubility of

tricalcic phosphate and hydrogen bicalcic phosphate in solutions

of phosphoric acid, by M. H. Causse.—On the stereochemistry
of diacetyltartaric acid

;
a reply to a communication by M. Le

Bel, by M. Albert Colson.—Thermal study of sodium isopro-

pylate, by M. de Forcrand.—Tartronic acid and the tartronates

of sodium and potassium, by M. G. Massol. The heat of com-
bination of tartronic (oxymalonic) acid is greater than ihat of

malonic acid under the same conditions. This result is similar

to that obtained with oxysuccinic and succinic acids.—The
specific gravities of textile fibres, by M. Leo Vignon.—On the

vitality of germs of microscopic organisms in fresh and salt

waters, by M. A. Curtis.—On some points in the embryology
of Oniscus murarius, Cuv., and Porcellio scaler, Leach, by
M. S. Jourdain.

— Structure of the nervous system of the larva

of Stratiomys strigosa, by MM. F. Henneguy and A. Binet.—
On nutrition during diabetes, by M. Hanriot.—Researches on
the fall of the leaves of the vine and the ripening of grapes, by
M. A. Muntz.—Remarks on a recent communication by M. J.

Passy, as to the minimum perceptible quantity of some odours,

by M. Charles Henry.
Berlin.

Physical Society, January 29.
—Prof. Schwalbe, President,

in the chair.—Prof. Lampe gave an account of the life and
work of the late Prof. L. Kronecker ; and Dr. Budde an address

in honour of the late Astronomer- Royal, Prof. Airy.
—Prof.

Kdnig described experiments, made chiefly in collaboration with

Dr. Ritter, on the luminosity of spectral colours under very

widely different intensities of illumination. Special attention

was directed to the curves of luminosity under very feeble

illumination, a condition under which only the outermost red of

the spectrum is visible.

Meteorological Society, February 2.—Dr. Vettin, Presi-

dent, in the chair.—Dr. Arendt spoke on the relationship of the

electrical phenomena of the atmosphere to terrestrial mag-
netism. Neither the aurora nor the sudden discharges during
thunderstorms have exhibited any regularity in their relation-

ship to variations of terrestrial magnetism. The speaker's
observations at the magnetic observatory of Potsdam, extend-

ing over a whole year, have shown that sudden luminosities in
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the sky, which differ from ordinary sheet-lighting, but are

certainly due to electrical discharges, and are most prevalent in

winter, are always accompanied by changes of terrestrial

magnetism. In connection with the above. Prof. Spoerer
pointed out that the solar activity had undergone a sudden
reversal in April 1891, in so far as since 1883 the southern

hemisphere had been more active than the northern, in the ratio

of 15 and 18 to 10, whereas since April the activity had markedly
increased in the northern hemisphere, so that it had exceeded
that of the southern in the ratio of 34 to 10.—Dr. Assmann

gave a preliminary short account of some observations made in

a captive balloon in January last during a dead calm and the

lowest temperature of the winter. The balloon ascended

slowly at I o'clock, and was slowly pulled down at 5 p.m. ;

and since it was found that the self-registering apparatus
was in perfect working order, it was again allowed to

ascend, and remained up until 11 p.m. During the whole
afternoon the cable hung perfectly vertical, so that the

balloon reached its full elevation of 750 metres. In the

evening a slight south-easterly wind blew aloft, although the calm

was continuous below. The temperature at midday at the

earth's surface was- 12^ C. ;
a few metres above the surface it

rose o''6, and was then constant up to a height of 250 metres,

and as far as the fine mist extended. At greater elevations it

rose rapidly, and at an elevation of 750 metres stood at -
4°.

That this considerable elevation of temperature at the higher
altitude was not due to solar radiation was shown by the fact that

in the evening the temperature at an elevation of 700 metres

was as much as 12" above that at the earth's surface. The data

as to humidity and barometric pressure were less trustworthy.

Physiological Society, February 5.
—Prof, du Bois Rey-

mond. President, in the chair.—Dr. Rene du Bois Reymond gave
an account of his researches with chloroform purified by crystalliza-

tion at -
100^, and compared its action with that of ordinary

chloroform and of the mother liquor from the crystals. Experi-

menting on frogs and rabbits, he found their action was practi-

cally identical.—Prof. H. Munk made a short communication on

the function of the superior laryngeal nerve, on extirpation of

the thyroid gland, and on a centrally blind monkey.
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THURSDAY, MARCH lo, 1892.

THE SCIENCE MUSEUMAND THE TATE
GALLERY.

THE
men of science of this country owe a deep debt

of gratitude to Mr. Goschen. As a result of his

careful inquiry into the questions raised by the suggested

use, for Mr. Tate's gallery, of land bought for scientific

purposes, he has decided that the scientific claim must

hold good. It is impossible to over-estimate the import-

anceof this decision. Had it been otherwise, the possibility

of establishing in London an institution which should be

for Science what the National Gallery is for Art and the

British Museum Library for Literature would have been

wrecked for a generation.

One can easily imagine that it was not easy for a

Chancellor of the Exchequer to come to such a conclu-

sion—not easy, that is, to one who was prepared only to

look at the surface of things.

On the one hand, there was the tempting offer of

^80,000 from a well-known public benefactor, about

which large sum so much has been said that very few

have thought it worth while to consider either the value

of the plot or what capital sum would represent the annual

outlay necessary to keep up the gallery when once built
;

an outlay which, of course, would fall upon the nation.

On the other hand, the Lord President of the Council,

who is responsible for the Science and Art Department

(and, as many people think, however erroneously, for the

proper setting out and consideration of any national ques-

tion touching Science or Art), seemed to be willing that

Mr. Tate should have his way. Nor was this all
; the

Report of the Committee appointed by the Treasury
a few years ago is so vaguely drafted that it now

appears that the view which we and others took in

discussing its recommendations at the time was in-

correct. The question referred to this Committee dealt

with the space necessary for the housing of the science

collections which had been brought together as a

nucleus for the Science Museum, the establishment of

which was recommended in 1874 by the Duke of Devon-

shire's Commission. The Committee's Report recom-

mended that 90,000 square feet should be provided. We
and others naturally took this to mean that this was in

addition to the existing space. The modern gloss, how-

ever, is that this represented the whole space necessary^
in the opinion of the Committee, for a complete Museum
dealing with all the inorganic sciences (except geology
and mineralogy) and their industrial applications ! It

may even be that this idea has been placed before Mr.

Goschen. If so, all the greater credit to him for having
seen through the fallacy of a view which it is absolutely

impossible can ever have been in the heads of the scien-

tific members of the Committee.

As we pointed out recently, it is better not to deal

with opinions in such a matter as this, if facts are avail-

able ; they exist. The space considered necessary not

very many years' ago for the sciences represented in the

Natural History Museum was 150,000 square feet, nearly
double that already mentioned. In the case of these

sciences, moreover,
"
industrial applications" cannot be

exhibited at all—except, by the way, in the case of

NO. I 167, VOL. 45]

geology, for which a special Museum exists in Jermyn
Street.

One hundred and fifty thousand square feet being re-

quired, a plot of 500,000 square feet was provided ; and

it is quite certain that, at some not very distant time,

the space not yet built on will be required. We cannot,

therefore, call this generous appropriation unwise from

the point of view of possible, or rather certain, future

extensions ;
while all will agree that a national building

of this class is all the better for standing a little away
from noisy and dusty roads.

This, then, is the available fact with which we can deal,

and we must again state whither it leads us
;
for in Mr.

Goschen's letter to Mr. Tate, admirable though it is as

a complete statement of the case, there is one phrase
to which we must take exception. To show its force,

we quote the whole sentence :

—
" In conclusion, allow me to say that I can well under-

stand that the difficulties in finding a suitable home for

your collection, notwithstanding your munificent offer to

build yourself, may not unnaturally have caused you some
vexation. I think you will, however, admit that the

Government have shown their desire to meet you in

every possible way, and are willing to incur considerable

outlay themselves in carrying out your plan. In the first

instance, we not only offered the eastern and western

galleries for housing British art, but adopted the plan of

uniting them by a cross gallery, which seemed to remove

many of the objections. When you came to the con-

clusion that the proportions given to the plan were not

large enough or distinct enough to suit your views, and
when you suggested the site at the corner of the Imperial
Institute Road, I hoped that a solution had been found,
and that this arrangement would meet with general

acceptance. You are aware of the storm which fol-

lowed, and though., in my own judgment, the Govern-
ment land at Kensington was of so large an area that,

by some uftderstanding between the representatives of
science and those of art, satisfactory means could be pro-
videdfor assigning sitesfor every purpose, I was never-

theless so anxious that no obstacles should prevent the

execution of your plans, that I consented to recommend
the Government to incur a very considerable pecuniary
liability if the Corporation of London should, on their

part, offer the site on the Embankment on terms which
were suggested to me as not impossible."

Now, the land at Kensington, of " so large an

area," consists of something like 300,000 square feet,

say three-fifths of the site occupied by the Natural

History Museum: of this, Mr. Tate demanded roughly

100,000 square feet—thus leaving, 200,000.

Of this, the new laboratories for physics, astronomical

physics, and chemistry, if these are to be on the scale of

similar institutions in a second-rate German town, will,

including the necessary lighting spaces, &c., require

100,000 square feet. This leaves 100,000.

But this remainder, on which there is to be built a
' Science Museum, is less than two-thirds of the exhibiting

space of the Natural History Museum as it stands at

present, to say nothing of the total area devoted to it I

It is clear, then, that Mr. Goschen has not had the

facts placed before him by those upon whom he has

relied for his information. While the official prompting
has tended one way, the opinions of the President and
Officers of the Royal Society and other men of science

have clearly tended another
;
and Mr, Goschen's final

U
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attitude is, to a large extent, due to the weight which he

has wisely and bravely attached to the latter.

"The proposal," he says, "has not met with the

general acceptance which we anticipated for it. On
the contrary, it is strenuously opposed by what appears
to be the whole body of opinion representing scientific

interests ; and, although it might be possible to provide

adequately for those interests and at the same time ap-

propriate the site proposed to the British Art Gallery, I

cannot say that the discussions in that sense with which
we have for some time been occupied have so far had

any effect in diminishing opposition from those quarters."

The opposition has, we may remark, not changed be-

cause the facts have not changed, and we do not think it

would have been started if any modus vivendi had been

possible.

And here we approach a side of the question which

shows that as the world grows older, questions of

science and art are not managed in this country any
better than they used to be, and that some radical change
is necessary in our manner of dealing with them. A
correspondent of the Pall Mall Gazette ascribes this to

Tory governtnent. It is easy to see that the adminis-

trative system and not party government is to blame.

Mr. Goschen, in his letter, states that Mr. Tate him-

self suggested the site on the science ground, and it

may be that some friends of science have said or thought
hard things of Mr. Tate in consequence.

Mr. Tate replies :
—

"I did not suggest the site at the corner of the Im-

perial Institute Road, and was only aware of it when it

was pointed out to me as the plot offered by the Govern-
ment as a desirable site for the Gallery of British Art,
and with that site I expressed myself satisfied."

It must therefore be taken that it was the Govern-

ment itself that offered the site. Did the Government
offer first and consider afterwards ? for Mr. Goschen
now admits that it

" would not be wise to assign this

corner site to the Gallery of British Art." Another point
can be best stated by again quoting from Mr. Goschen :

—
" When it [the scheme] was first mooted, the intention

was that works of British painters from the National
and South Kensington Galleries should be transferred to

the new gallery. It has since been ascertained that the
trustees of the National Gallery are not disposed to fall

in with this intention, and that the Science and Art De-
partment is precluded by the terms of its various trusts

from parting with many of its most important works.''

The Science and Art Department is not more "
pre-

cluded " now than it was when the land was offered to

Mr. Tate. The preclusion dates from 1857, and it

apparently was not known to those who, as it would now

seem, without consulting the Science and Art Department,
were ready both to hand over pictures and land.

We give these two instances as indications of the result

of the present system of dealing administratively with

such questions.
We have already stated that the scientific world is

under great obligations to Mr. Goschen
;
but we must

also point out that the President and Officers of the

Royal Society, and the other men of science who
memorialized Lord Salisbury and attended the deputa-

tion, have rendered a service to science worthy of the

high position they hold.
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There are men of science employed at South Kensing-

ton, it is true
; but they, as we have said before, have no

official voice in such matters as these.

Since it seems we may now hope that the land has

been saved for scientific purposes, it is much to be
desired that some representative of science in the House
of Commons should move for a Committee on which the

Treasury and the Office of Works, the Science and Art

Department (though judging from recent events the last-

named is too frequently ignored when questions directly
connected with its duties are under consideration),

together with the Royal Society and the Professors of the

Royal College of Science, may be represented.
Mr. Goschen's answer on Monday to Dr. Farquharson's

question as to what steps had been taken to provide for the

building of the Science Museum, and for the extension of

the Royal College of Science so urgently required, shows

us clearly that it will be some time before the teaching at

South Kensington will have passed through its present

camping-out stage.

Mr. Goschen acknowledges that

"
it has been impossible to take any steps towards be-

ginning the erection of a Science Museum or the exten-

sion of the Royal College of Science until the question
connected with the British Art Gallery had been settled.

I myself had visions of a scheme, independently of build-

ing on the controversial corner, which I had thought
might have given ample satisfaction both for the present
and future to the scientific world, but the matter will

now have to be reconsidered."

In answer to another question Mr. Goschen admitted

that the scientific work at South Kensington is at present

cramped, and stated that, in conjunction with the Com-
missioner of Works, he would endeavour to find some

temporary buildings to meet the difficulty before the

final scheme is adopted.
Let us hope that, some time before another generation

has passed away, the " administration
" which has led to

the present impasse may be ameliorated, and that useful

buildings on the site may prove to everybody the justice

of the views held by the men of science in this matter.

THE CORRESPONDENCE OF CHRISTIAN
HUYGENS.

CEuvres Completes de Christiaan Huygetts. Publides par
la Socidtd Hollandaise des Sciences. Tome qua-

trieme, Correspondance 1662-63. (La Haye : Martinus

Nijhoff", 1891.)

THE
fourth volume of the Huygens correspondence*

covering the years 1662-63, is now before us.

Although the interval, as regards fresh discoveries by
the " Dutch Archimedes," was a comparatively barren

one, the 249 letters referable to it (to say nothing of

supplementary documents) afford materials for much in-

struction, and some entertainment. It is much to learn

that the greatest astronomer of his time sought to keep
in touch with Paris in respect to the cut and colour of

his clothes ;
nor can we be indifferent as to the precise

date of his beginning to wear a wig. On June 15, 1662,

at the age of thirty-four, he communicated to his brother

Constantine the distressing intelligence of his incipient

baldness ;
a remedy for which, in the shape of the best

perruque to be had in Paris, was provided in the following
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October. A similar article of attire, despatched by him
to the Hague for his elder brother's wear, figures in

several letters, and engaged many anxious thoughts ;

but a little plot concocted by the par nobile fratriim for

extracting the price
—
amounting to four and a half louis^

from the liberality of their father, the Secretary, appears
to have been baffled. They were, indeed, often made to

feel—though not with any unreasonable harshness—that

he who keeps the purse holds the reins ; for the paternal

authority exercised in their family was of no shadowy
kind. The elder Constantine ordered his three sons—
middle-aged, in Dante's sense, though they were—from

realm to realm at his good pleasure, and was obeyed with-

out hesitation. And notwithstanding that his demands
from Paris for optical toys

—
pocket-telescopes, magic-

lanterns, and the like—gave Christian considerable

annoyance, he did not venture to refuse, or so much as

remonstrate against the fulfilment of paltry, troublesome,

and, to his sentiment, humiliating commissions. He,

however, stooped instead to the scarcely laudable sub-

terfuge of begging his brother Louis, then in Paris, to

abstract one of the three lenses of the lantern, and so

bring about at least a postponement of his father's ap-

pearance at the Louvre in the character of showman
to scientific

"
marionettes," no longer claiming even the

distinction of novelty.

Huygens spent the whole of 1662 in Holland, occupied

mainly with experiments on the "weight and spring of

the air." Pneumatic inquiries just then, largely through
Boyle's example, raised very general curiosity ; and pneu-
matic engines attracted much constructive ingenuity.
The mode of creating vacua had been recently arrived

at ; phenomena of an unforeseen kind thence ensued,
and led to continual surprises ;

their investigation in-

volved that of the qualities and functions of the air
;

upon which the learned, accordingly, promptly and

eagerly entered. Huygens among the number ; yet with
no result of the first order of importance. He fabricated

an improved air-pump ; and observed by its means some

apparently anomalous effects, which occupied many of his

thoughts, and gave rise to an extensive correspondence,
both with French savants^ and with Sir Robert Moray as

the representative of the Royal Society of London. They
did not, however, prove to possess all the significance
which he was at first disposed to attach to them. Less
than his customary success, also, about this time attended
his efforts to give to pendulum-clocks the perfection
needed for the solution of the problem of longitudes.
His coadjutor was the ingenious Alexander Bruce, a few
months later Earl of Kincardine, who, with unlucky re-

sult, took a pair of the carefully-adjusted timepieces on
a trial voyage from the Hague to London in December
1662. The sea was rough ; the ship a small one, but
with large capacities for rolling and pitching ; whereby a
test more searching than tolerable was applied to the

novel mechanism. One clock, thus "
furiously shaken,"

lost the bob of its pendulum ; the other stopped, and
their custodian, having succumbed to sea-sickness, could
do next to nothing to remedy the damage. Evidently, the

purpose in view demanded some better invention, such as,

indeed, Robert Hooke had already hit off, but, after his

usual volatile fashion, had thrown, still incomplete, aside.

On arriving in Paris, April 3, 1663, the first care of our
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mathematician was to have himself bled, in order to get

rid the sooner of a cold caught on the journey of six full

days from Brussels ;
and the operation, singularly enough^

produced the intended effect. His next desire was to place

himself an courant of the state of practical optics in the

French capital, and to compare his lenses with those

ground and polished by Auzout and D'Espagnet. The
handiwork of the latter excited his particular admiration ;

but the secret of his methods was carefully guarded, and

Huygens records, with a perceptible shade of irritation,

the vigilance of the Bordeaux alchemist over a case of

lenses which might, for the care bestowed in keeping
them tucked under his arm, have been a box-full of

pistoles. He found, however,
" Messieurs les Lunettiers"

[

less advanced than he had expected in their grand
schemes for telescopes 80 and 100 feet in length.

I

He set out with his father for London on June 7, and both
' were present three days later at a meeting of the Royal
\ Society, where they were entertained with "

occasional

observations," and "
promiscuous discourses," relating to

petrifactions, the smutting of corn, the amelioration of

I flowers, and sundry other topics. Christian testified

\

his usual courteous interest in the proceedings ;
but ex-

pressed, none the less, in one of his confidential letters

to his brother Constantine, something of scorn for the

miscellaneous doings at Gresham College. And he felt

himself, he said, no whit the wiser for his election as a

Fellow of the Society on June 17, 1663. English festivi-

ties, however, he admitted to be splendid.
" This is the

true land of good cheer," he wrote, after a succession of

dinners given by the Earls of Manchester, Albemarle,
and Devonshire, all of which were outdone by the

brilliant hospitality at Roehampton of the Dowager
Countess of Devonshire. A Court ball evoked no special

comment ; and perhaps Huygens's most genuine interest

in London was in his visits to Sir Peter Lely's studio. Both

he and Constantine dabbled about that period in pastels,

and the recipe by which Lely's crayons were fabricated

was an object of eager desire to them. It was freely

imparted, and is here printed (p. 372).

Huygens quitted London on October i, and spent the

remainder of the year in Paris. And since his movements

were regulated, not by the claims of science, but by

family arrangements, his letters thence referred to no

critical problems of that age. They are accordingly

more "
readable," in the general sense, than might have

been expected from a geometer of his profundity ; those

addressed to his brothers, which form the majority in the

present volume, being even playful and diverting. To
them he showed himself without disguise. He sent them

lively causeries, rather than formal epistles ;
social jot-

tings, family inteUigence, the first hints of his anticipated

triumphs, his unvarnished opinions of his contemporaries :

they alone were allowed to see that there was a keen edge
to his wit. His erudite correspondents on occasions put
him fairly out of patience ; yet to Louis Huygens alone

was it confided that he thought Chapelain intolerably

tedious, and Petit uncommonly dull. Constantine, on

the other hand, was the recipient of his impressions

touching the harpsichord performance of William Brere-

ton, a distinguished member of the Royal Society. Its

effect upon a trained musician like Huygens can easily

be gathered from the ominous facts that the player was
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self-taught, and executed fantasias chiefly remarkable

for their disregard of every known rule of composition.

Touches of family affection here and there relieve the

intellectual pre-occupation lending its prevalent stamp to

the Huygenian correspondence. One likes the great

man better for his questions about the walking and talk-

ing achievements of his little niece, Gertruid Doublet,

than for having solved the problem of the centre of

oscillation, or discovered the isochronism of the cycloid.

The maiden's modest proficiency was not carried to a

high pitch. She died in 1665, at the age of four.

In the way of astronomy, Huygens did nothing of

much moment during this interval. Admonished by
BoulHaud of its visibility, he made his first observation

of Mira Ceti at the Hague, on August 15, 1662, when it

was nearly as bright as k Ceti (fifth magnitude). The next

account of the star is on September 15, three weeks at

least after a maximum
;
and its declining state seemed to

Boulliaud marked by the flaring and flashing of its light,

as if in truth a semi-extinct conflagration revealed itself

in his telescope.
"
C'est un spectacle," he adds,

" a faire

desesperer Aristote et ses disciples
"
(" Corr. de Huygens,''

t. iv. p, 231)- Occasionally, too, Huygens pointed out

the sustained conformity of the Saturnian appearances to

his theory of them. The logic of fulfilled prediction had,

indeed, by this time persuaded all but the few outstanders

always averse to conviction by truth, that the hypo-
thetical and the real systems were practically identical.

The two years embraced by the present section of this

grand work were exceedingly peaceable ones. The

gates of the Temple of Janus in the republic of letters

remained fast shut as they slipped by. Scarcely a ripple
of contention stirred. Everyone was in good humour,
and carped at his rival's doings only sotto voce—a state

of things peculiarly agreeable to our Batavian philo-

sopher, who loved not to have his meditations broken in

upon by the shrill outcries of wounded self-love. Could

it but have continued ! But that was not to be.

A. M. Clerke.

THE HORSE.
The Horse : A Study in Natural History. By William

Henry Flower, C.B., F.R.S., &c. (London: Kegan
Paul, 1891.)

IF
there be a fault in the admirable little volume which
Prof. Flower has contributed to the " Modern

Science "
series, it is that the author too cautiously with-

holds his opinion on certain broad biological questions
in which not only naturalists but the general reading

public are just now specially interested. Early in the

first chapter, for example, we read :
—

" In many organs, but especially in the limbs and

teeth, we find the strongest evidence of two opposing
principles striving against each other for the mastery in

fashioning their form and structure. We find heredity,
or adherence to a general type derived from ancestors,

opposed by special modifications of or derivations from
that type, and the latter generally getting the victory,

although in the numerous rudimentary structures that

remain there is significant evidence of ancestral conditions

long passed away. The various specializations, evidently
in adaptation to purpose, will be thought by many to be
the result of the survival, in the severe struggle for exist-

NO. I 167, VOL. 45]

ence, of what is best fitted for the purpose to which it is

to be applied. This may or may not be the explanation,
but the interest of the study of such an animal as the
horse will be increasd tenfold by the conviction that there
is some true and probably discoverable causation for all

its modifications of structure, however far we may yet be
from the true solution of the methods by which they have
been brought about."

Here natural selection is not so freely and fully ac-

cepted as many would wish. But the grounds of doubt

are not indicated. On the other hand, use-inheritance

fares worse. It is not so much as hinted at. It is well

known that there are, especially in America, biologists of

standing who contend that differentiations of structure

are largely due to a Lamarckian factor in evolution
;
and

they adduce specialization of tooth-structure and of limb-

structure as evidence of the inherited effect of mechanical

strains and stresses. Now, in the horse specialization in

teeth and limbs has been carried far. The general public
and not a few biologists would, we think, have been glad
to learn the opinion of the Director of our National

Museum as to the scientific value of such views in so far

as they apply to the subject of his
"
study."

On another point of very general interest Prof. Flower

does, however, express an opinion. It has been suggested
that the horse has been separately evolved in America
and in Europe through a parallel but not identical series

of ancestral forms. The evidence for this hypothesis is

generally regarded in this country as insufficient, and it

is now held that the horse was probably evolved on the

Western Continent. This is the view adopted, with his

accustomed caution, by the author of this book.

"
It is," he says,

"
by no means impossible that America

may have been the cradle of all the existing Equidce, as
it seems to have been of such apparently typical Old
World forms as rhinoceroses and camels, and that they
spread westward by means of the former free communi-
cation between the two continents in the neighbourhood
of Behring's Straits, and, having prevailed over the
allied forms they found in possession, totally disappeared
from the country of their birth until reintroduced by the

agency of man. This supposition, based upon the great
abundance and variety of the possible ancestral forms of

the horse which have lately been discovered in America,
may be at any time negatived by similar discoveries in

the Old World, the absence of which at the present time
cannot be taken as any evidence of their non-existence."

The discovery in the Old World of ancestral Perisso-

dactyles, in numbers at all comparable to those which

have been found in America, would no doubt throw a

flood of light on difficult questions of evolution and dis-

tribution. If, as Madame Marie Pavlow has suggested,
Sir Richard Owen's Hyracotherimn is (perhaps) identical

with Prof. Cost's Phenacodus, sim\\a.v genera have existed

on either side of the Atlantic since early Eocene times.

In both continents these early forms presumably left de-

scendants. Between the primitive Phettacodus and the

existing horse there are many intermediate forms, some
of which seem to be generically identical in America and
in Eurasia. Have there, then, been many successive

migrations from the West ? Have there been counter-

migrations from East to West? What have been the

relations between the indigenous descendants oi Hyraco-
therium and the successively immigrant descendants of

Phenacodus ? These and other questions may possibly
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receive some sort of tentative answer through the re-

searches of the palaeontologists of the future. Prof.

Flower is no doubt wise in not attempting to theorize on

the subject ; but this is the kind of question on which,
in our experience, the

"
intelligent layman," whom the

editor of the " Modern Science
"
series has in view, most

greedily seeks information. Details of structure, no
matter how clearly and lucidly described, do not appeal
to him. He says, in effect, to the distinguished man of

science :

" My dear sir, from you I can take the details

on trust ; of them give me only sufficient to illustrate

your methods of research : what I really want is your

opinion on those broad general problems in which every
man of Hberal culture, who follows the thought of his

time, must take a keen interest."

Prof. Flower divides his book into four chapters, of

which the first deals with the horse's place in nature, and
its ancestors and relations. The second chapter is devoted
to the horse and its nearest existing relations. This con-

tains a short account of the tapirs and the rhinoceroses,
as well as the existing members of the horse tribe. The
cuts with which it is illustrated are from photographs,
and are admirable. The last two chapters (iii. and iv.)

deal with the structure of the horse, chiefly as bearing

upon its mode of life, its evolution, and its relation to

other animal forms, the head and neck and the limbs

being selected for detailed treatment.

Especially interesting are the paragraphs on the ergot,
a roundish bare patch in the fetlock covered with rough
thickened epidermis. It is suggested, and the suggestion
is both valuable and interesting, that this represents

^'
the palmar or plantar pads of those animals which walk

more or less on the palm and sole. Owing to the modi-
fied position of the horse's foot, standing only on the end
of the last joint of the one toe, this part of the foot no
longer comes to the ground, and yet the pad with its bare
and thickened epidermic covering, greatly shrunken in
dimensions and concealed among the long hair around,
and now apparently useless in the economy of the animal,
remains as an eloquent testimony to the unity of the
horse's structure with that of other mammals, and its

probable descent from a more generalized form, for the

well-being of whose life this structure was necessary."

Of the other callous patches, the so-called
"
chestnuts,"

or '•
mallenders " and "

sallenders," which occur on the
inner aspect in the fore-limb just above the "

knee," and
in the hind-limb just below the "

hock," Prof. Flower says
that their signification and utility are complete puzzles.
There are one or two misprints or inelegancies which

will probably be removed in a second edition. On p. 52
we read :

" The upper molars have a very characteristic

pattern, admirably adapted for bruising and crushing
coarse vegetable substances, and which is clearly a modi-
fication of the pattern," &c. Another redundant and
before which occurs in the very awkward sentence on the

top of p. 136. A somewhat quaint misprint occurs on
the top of p. 68, where the "various species of the

American general called Merychippus and Protohippus
"

are spoken of. One can imagine how the printer's devil

prided himself on his knowledge of American proclivi-
ties. They give the name "general" even to an ancient

fossil equine !

C. Ll. M.
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0[//? BOOK SHELF.

A System of Sight-Singingfrom the Established Musical

Notation, based on the Principle of Tonic Relation.

By Sedley Taylor, M.A. (London : Macmillan and
Co., 1891.)

This book is divided into two parts : (I.) the tonic sol-fa

notation, (II.) the staff notation. Part I. differs from the
"official" tonic sol-fa system only ir, the method of

writing music in the minor key. Mr. Taylor is an out-

and-out tonicist, and therefore most strongly opposed to

the so-called
" Lah mode " of the official system. It must

be allowed that Mr. Taylor's method has the merit of

consistency. For practical purposes, however, it is not
so certain that the " Lah mode "'

is a mistake. At any
rate, the opinion of most tonic sol-faists appears to be in

its favour, as being the best method, from a utilitarian

point of view, of treating the minor mode.
Part II. is an application of the tonic system to the

ordinary staff notation. Mr. Taylor suggests that the

line or space on which the tonic falls should be clearly

.
marked by a thick line, of varying colours for major and
minor keys. As long as there is little or no modulation
in the music, there can be no objection to this, but when
modulation sets in, the appearance which the stave

assumes when these lines are inserted, becomes most

puzzling. Two examples taken at random from the boo'k

will suffice to show this. In Ex. 142 the Do-line changes
6 times in the space of 9 bars of 2-4 time. Ex. 147, in 4-4
time, has 5 changes in as many bars.

It appears to us that these constant guides are calcu-

lated only to worry instead of directing the singer ;

" the

graphic up-and-down-ness of the pitch-notation of the
staff" (to use Mr. Taylor's words) seems to us to point
out the way just as well without as with their assistance.

The book is most clear, logical, and interesting through-
out ; and whether one agrees with the reforms proposed
in it or not, one cannot help feeling that the author, in his

endeavours to minimize the difficulties of vocal music,
deserves the thanks of all musicians.

The Statesman's Year- book for the Year 1892. Edited
bv J. Scott Keltie. (London : Macmillan and Co.,

1892.)

The " Statesman's Year-book "
is too well known, and

too highly appreciated, to need the commendation of re-

viewers. It presents such great masses of important
facts, and these are generally so accurate and so well

arranged, that the work has become indispensable to all

who desire to obtain the latest information on the various

subjects with which it deals. The changes for the year
1892 are described as "

heavy and extensive," and all of

them, we need scarcely say, add to the usefulness of the
volume. The date of issue was somewhat later than
usual ;

but it was well worth while to postpone publica-
tion, as the delay enabled the editor to include, among
other valuable statistics, the results of the censuses of the

leading countries of the world. This year the volume
has been enriched with four admirably executed maps.
They relate respectively to the density of the population
of the globe on the basis of new censuses and estimates,
the distribution of the British Empire over the globe, the

partition of Africa, and the international frontiers on the
Pamirs. These maps are most welcome, and will be of

great service to all who may have occasion to refer to

them.

The optical Lantern as an Aid in Teaching. By C. H.

Bothamley. (London : Hazell, Watson, and Viney,
Limited, 1892.)

Those who wish to acquire a general knowledge with

regard to the manipulation of an optical lantern, without
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entering into the minor details, will find in this little book
a most useful guide. The ruithor has dealt with the sub-

ject rather curtly, but nevertheless in this space the

reader will find descriptions of various lanterns for different

methods of projection ; hints on the most suitable posi-
tions in which screens should be placed to be best viewed

by audiences
;
the best kinds of burners for the lamps,

both oil and oxy-hydrogen, and the dififerent adjustments
for producing good results. Many other useful hints are

given, accompanied by several woodcuts. W.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of ^A.TVS.'E.

No notice is taken of anonymous communications. ]

Heat-Engines and Saline Solutions.

Mr. Macfarlane Gray (p. 414) appears to call in question
my assertion that in a vapour-engine a saline solution may take
the place of a simple liquid when it is desired to replace water

by a substance of less volatility, and that the advantage which
Carnot proved to attend a high temperature can thus be attained

without encountering an unduly high pressure. He contends
that

" the saline mixture is not the working substance. Carnot's
law refers to the working substance only, and not to anything
left in the boiler."

Perhaps the simplest way of meeting this objection is to point
out that Maxwell's exposition of Carnot's engine ("Theory of

Heat," chapter viii.) applies xvitkotit the change ofa single -word,
whether the substance in the cylinder be water, mercury, or an

aqueous solution of ch'oride of calcium. In each case there is a

definite relation between pressure and temperature ; and (so far

as the substance is concerned), all that is necessary for the re-

versible operation of the engine is that the various parts of the

working substance should be in equilibrium with one another

throughout.
Let us compare the behaviour of water in Carnot's engine

before and after the addition of chloride of calcium, supposing
that the maximum and minimum pressures are the same in the
two cases. The only effect of the addition is to raise both the

superior and the inferior temperatures. The heat rejected at

the inferior temperature may still be available for the convenient

operation of an engine working with pure water. At the upper
limit, all the heat is received at the highest point of tempera-
ture—a state of things strongly contrasted with that which
obtains when vapour rising from pure water is afterwards super-
heated. Rayleigh.

Superheated Steam.

Lord Rayleigh touches on a most important question
(February 18, p. 375), which merits the attention of all inter-

ested in the economy of prime movers. Few have troubled
themselves with determinations of temperatures and pressures
within a steam generator. Ebullition means work, and the per-
formance of work involves cooling ; hence the temperature of
steam in the steam space of any boiler is lower by several

degrees than the temperature of the steaming water. I have
failed to find any record of this important truth, and shall be

glad to know if my observations have been anticipated.
Prof. Cotterill, in hi'i work on the steam-engine (p. 33), re-

ferring to the process of formation ofsteam under rising pressure
in a closed vessel, says:

—"The mixture of steam and water
must be supposed so treated that the temperature is sensibly
uniform. If the experiment were tried without proper precau-
tions, the steam would probably be found to be of higher tem-

perature than the water—that is, it would be superheated." So
far as my observations go, this is impossible, and the steam is

never superheated by compression in a closed vessel, in contact
with water.

In a small experimental boiler the I'ecords of temperature
indicated as follows :

—

Temperatures in Model Boiler working up to 10 pounds pressure

Water temperature
ij inches below upper

level.

°F.
100
120

140
158
174
188
200
212

215
226

236
239
239
239

Steam temperature.
Thermometer in steam

sp<tce.

°F.

87
106
126

145
164
179
192

205
212
222

233
235
235
235

Pressure, pounds per
square inch.

5i
9i
10
10
10

To avoid supersaturation of the steam it must be separated as

promptly as possible from the water, which it projects, more or

less, into the steam space. It is this which renders it so im-

portant in practice to secure the mo>t active circulation. Pro-

vision for this, whereby the water falls, whilst the steam rises,

can be made.

Uniformity of temperature of the boiler contents is of the

utmost importance ;
and I was recently told by an able engineer,

connected with the Midland Railway, that the unequal expan-
sion of the boiler plates in locomotives on getting up steam was

not only disastrous in its consequences, but impossible of pre-
vention. Pursuing thermometric experiments, I found this not

to be the case, and on a first trial of suitable apparatus, I

obtained the following result :
—

Model Locomotive Boiler, showing Hottest Water at the Bottom
under 212° {October 24, 1891).

Upper level above fire

Temperature below furnace



March lo, 1892] NATURE 439

Regnault, Frost, Fairbairn, Tate, and others have shown that

the rate of expansion of superheated steam is almost identical

with that of air and other permanent gas, if calculated not too

close to the temperature of maximum saturation. In passing
steam through pipes heated by the hot gases from the furnace,
the effect is not much, if any, better than using a trap to sepa-
rate the water of condensation.

It is obvious that, for steam to pass from a boiler into a super-
heater, the latter can only be at the same pressure as the boiler,
or somewhat lower, and the gasification in transit is not
attended by increased density nor exalted tension ; hence the

failure of ordinary superheaters.
Practical engineers

—makers of high-pressure engines for the

trade—discovered long since that compression of steam at the

end of each stroke, or steam cushioning, notwithstanding certain

theoretical disadvantages, yielded an average efficiency greatly
in excess of free discharge of steam from the cylinder. In this

case superheating, of course, occurs, by compression, under cir-

cumstances insuring exalted tension ; hence the economy.
Hook's law,

" Ut tensio sic vis," cannot be translated into " Ut
calor sic vis." John Gamgee.
The Laboratory, 3 Church Street, Westminster, S.W.,

February 23.

Poincare's "Thermodynamics."
I FEAR M. Poincare has not read my review of his book with

sufficient attention. Otherwise he could hardly have written the
letter printed in your last number.
The chief objections I made, taken in the r^^'ijrj*? order of their

importance, were
1. The work is far too much a mere display of mathematical

skill. It soars above such trifles as historical details, while

overlooking in great measure the experimental bases of the

theory ; and it leaves absolutely unnoticed some of the most im-

portant branches of the subject.

[Thus, for instance, Sadi Carnot gets far less than his due,
Rankine is not alluded to, and neither Thermodynamic Motivity
nor the Dissipation of Energy is even mentioned ! ]

2. It gives an altogether imperfect notion of the true founda-
tion for the reckoning of absolute temperature.

3. It completely ignores the real {i.e. the statistical) basis of
the Second Law of Thermodynamics.

If these are what M. Poincare alludes to as "
reproches

generaux, contre lesquels ma preface proteste suffisamment," I

can only express genuine amazement that a Preface should be

capable of having such powers, and envy the man who is able to

write one.

As to smaller matters :
—I did not attack M. Poincare's printer,

I virtuallysaid he was excusable under the circumstances. And
as to the quite subsidiary question which M. Poincare seems to

think I regard as the most important, I have only to say that I

could scarcely be expected to know that the words "on n'a pu
jusqu'ici constater Vexistence des forces electromotrices, &c.,"
imply, as M. Poincare now virtually interprets them,

" One has
not yet been able to assign the origin of the electromotive

forces, &c." P. G. T.

4/3/92.

The Function of a University.

Yet one more definition— it is no part of the business of a

University to teach, says Prof. Fitzgerald in Nature of Febru-

ary 25 {p. 392). We have now the following definitions of the
function of a University :

—
1. It should be a mere examining body, e.g. the London

University.
2. It is a place for the cultivation of athletics, good breeding,

and gentlemanly behaviour.

3. At the University there should be taught classics, mathe-
matics, and pure science.

4. The Professors of the University should teach M5i?/i</ subjects
like mechanical and electrical engineering, medicine, &c., as at

Cambridge.
5. The true function of the University is the teaching of

useless learning.
6. It is no part of the business of a University to teach.

Truly, a wide choice of definitions, and seeing that the

teaching of applied science which has been developed "at

schools, technical colleges, by patent- mongers and the trade,"
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aided "
by a lot of savages," has been recently appropriated by

the Universities, I have no doubt, when these degraded mortals
have similarly worked out a system of teaching applied literature,
that a seventh definition of the function of a University will be
added later on, viz. :

—
7. At the University, modern languages and literature are

studied in such a way as to be of the greatest value to the nation
at large.
As Prof. Fitzgerald relegates the teaching of things useful to

the class of pariahs mentioned above, perhaps he will tell us

whether he raises the study of mechanical and electrical

engineering to the lofty position of uselessness, or whether he

utterly condemns the appeal that is now being widely made—
made even to technical teachers—for aid in the establishment of

engineering laboratories at a University which has recently

thought that the best place to obtain an assistant was a London
technical college.
He thinks that students,

"
if they are so ill prepared that they

have not acquired the art of learning, should go to a College, ..."
and not to the University. I presume, then, 'that they ought to go,
for example, to the Colleges of Trinity or St. John's, but not to

Cambridge ;
or to the Colleges of Balliol or Christ's, but on

no account to Oxford. Perhaps this somewhat conflicting
advice is the result of Prof. Fitzgerald's studying literature

"
for

its own sake," as contrasted with studying language for the

sense it conveys. Examples were recently given in a leader in

one of the daily papers illustrating that the public utterances of

some of the most prominent advocates of the compulsory
teaching of Greek conclusively proved that it was not to

improve their English that they had studied the classics.

In the same lucid way Prof. Fitzgerald adds :

" The Bible

produced very little effect until it was read in translations ;
and

the danger of a pagan revival, if ancient literature were studied

without the obstruction of difficult languages, is the best reason

for insisting on those languages in a Christian University."

Surely a man of his wide intellectual power cannot mean that

the general reading of the Bible, which became possible after it

was translated into modern languages, is to be deplored. But

neither, on the other hand, can he mean that the incalculable

benefit, that has resulted from the translation of the Bible into

the vulgar tongue is an argument for the suppression of free

translation. On whichever horn of his own dilemma he decides

to pose himself, I, at any rate, have no sympathy with the

Roman Catholic dogma that good comes from making the

knowledge of the truth difficult of attainment by the world
at large.
He chides me with forgetting the debt electrical science owes

to those who studied it while useless. Does the statement that

one Volt sends one Ampere—that is, one Coulomb per second—
through one Ohtn look as if the practical electrical engineer had

forgotten the labours of Volta, of Ampere, of Coulomb, and of

Ohm ? Indeed, is not Prof. Fitzgerald himself forgetting the

deep debt of gratitude the theoretical study of electricity owes
to its practical applications ? The late Prof. Fleeming Jenkin,
a Professor at a University bear in mind, wrote in 1873 :— " In

England at the present time it may almost be said that there aie

two sciences of electricity
—one that is taught in ordinary text-

books, and the other a sort of floating science known more or

less perfectly to practical electricians. ... A student might
have mastered Delarive's large and valuable treatise, and yet
feel as if in an unknown country and listening to an unknown

tongue in the company of practical men. It is also not a little

curious that the science known to the practical men was, so to

speak, far more scientific than the science of the text-books."

While there are University Professors like Thomson, Hertz,
and Fitzgerald, what matters it whether we call them the

teachers or ourselves the learners ? When the work they are

now carrying on may be of incalculable service to the practical
man in the future, of what avail is it to discuss whether it is to-

day useful or useless ? For the labours of such men I have too

profound a respect and admiration to "sneer" at what I hold to

he the true function of the University.
But equally worthy of respect do I think is the teacher in a

school of engineering
—that is, one who aims at presenting use-

ful knowledge, and the methods for extending it, in such a form

as to be most easily grasped by those who intend to devote their

lives to engineering.

My friend Prof. Fitzgerald and I are at any rate wholly in

accord on one important point urged in my recent inaugural
address, viz. that it is the special function of the technical school

to teach useful knowledge. W. E. AVRTON.
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Sir R. Ball's " Cause of an Ice Age."
Some books appear under such authoritative sanction that,

apart altogether from their arguments and their facts, they
naturally influence opinion. This must be said of a book re-

cently reviewed in your pages (January 28, p. 289) ; namely," The Cause of an Ice Age," by Sir Robert Ball, the first of a
series on modern science, edited by Sir John Lubbock.
The position taken up in this work is so much at issue with

the views of many prominent geologists, and its general tend-

ency seems so retrograde, that I am a little surprised it has not
been adversely criticized.

I do not propose in this letter to enter into the general question
as to the astronomical causes of an Ice Age, or whether an Ice Age
can be shown to be a consequence of a vaiying eccentricity, upon
which Croll and others have spoken very emphatically. I would
rather limit myself to the particular new factor which Sir R.
Ball has added to the problem. He claims that he has shown,
and I do not contest the matter in any way, that,

" of the total

amount of heat received from the sun on a hemisphere of the earth
in the course of a year, 67, per cent, is received during the sum-
mer, and 37 per cent, is received during the winter." This law he
claims as

"
the fundamental truth which is the cardinal feature

of his book, . . . the one central feature by which it is to be

judged." His chief object, he says, "is to emphasize the rela-

tion of these figures to the astronomical theory, which will be

entirely misunderstood unless the facts signified by these
numbers are borne in mind."
What I wish to point out is that, although I have read the

book more than once, I cannot find how this law is in any way
connected with the general conclusions of the book.
"The cause of an Ice Age

"
must surely be something which

is not always present and always equally efficient, but which
works differently at different times, which, if operating at one
time to produce an Ice Age, must either lose its effectiveness or
be otherwise modified so as to permit of the existence of a

temperate climate ac another time.
Sir Robert Ball admits without doubt that the factor he relies

upon, instead of being a variable one, is constant. He says :

" The datum in our system on which the distribution depends,
is the obliquity of the ecliptic

"
; and he goes on to say that,

"amid so much that is changeable in the planetary system, it

is fortunate that the obliquity of the ecliptic may for our present
purpose be regarded as practically constant" (<?/. cit., 87).
He then goes on to compare the conditions which follow a
small and a large eccentricity, and says: "Notwithstanding
the wide difference between such a movement and that pre-
viously considered

"
{i.e. between movement in a very oblate and

one in a more prolate ellipse), "it still remains true that 63 per
cent, of the sun's heat is received by each hemisphere in

summer, leaving only 37 percent, for the winter" {ib., 92). He
again tells us that the figures d^ and 37 are independent
both of the eccentricity of the orbit and of the position
of the line of equinoxes ; and that while the varying eccen-

tricity created a distinction between a possible winter of

199 days and a summer of 166 days in one hemisphere, and
the reversal of these same proportions in the other, that in each
case the figures 63 and 37 represent the proportional quan-
tities of heat which that hemisphere receives in summer and
winter respectively

"
(z'/i., 99). Lastly, speaking of the same

figures, he says
"
they derive their importance from their con-

stancy ; they would remain the same however the dimensions
of the orbit be altered, however its eccentricity be altered, or in
w.iatever direction the plane of the earth's equator may intersect
the plane of the earth's revolution around the sun." "These
numbers are both functions of but a single element, which is

the obliquity of the ecliptic. As this fluctuates but little, at
least within the periods that are required for recent Ice Ages,
the numbers we have given are regarded as sensibly constant

throughout every phase through which the earth's orbit has

passed within Glacial times" (ib., 121).
These statements are explicit enough, and they show that the

factor upon which Sir R. Ball relies is a constant factor, and
being constant under all circumstances it cannot be the cause
of an Ice Age. Whatever potency it has is being exerted
now as much as it would be then. If it were an efficient

cause of an Ice Age, we ought to be passing through one
now. This argument seems to me to be complete and
conclusive, and, if so, I cannot see how Sir R. Ball has
done anything at all to solve the problem ; for, putting this

factor aside, we are remitted back to the conditions present to
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Croll and others, which have been so completely shown to be

inadequate to produce an Ice Age. As I am writing a big book
in which I am attacking what I deem to be the exttavagant and
fantastic views of an influential school of geologists in regard to

the so-called Ice Age, I naturally looked forward to Sir R.
Ball's book with interest, and have read it with care, but I cannot
see how it advances the solution of the problem, or how its

position can be maintained.

Henry H. Howorth.
House of Commons, February 13.

The University of London.
Mr. Thiselton-Dyer, in his recent discussion ot the

London University question (p. 392), makes one statement
which seems to me open to criticism :

—
The statement is that the Colleges of the English Universities

have "
intrusted the business of sampling their goods to those

who had nothing to do with their manufacture." Of the in-

ternal mechanism of the University of Oxford I know nothing :

but I do know that in Cambridge the tendency is, and has been
for the last ten years, in the direction of the reconstruction of
that " teacher-examiner system

"
which Mr. Thiselton-Dyer

believes to have been given up. The higher teaching in

Cambridge is falling more and more completely into the hands
of three classes of men, namely :

—
(i) Professors, appointed by the University, and imposed by

the University upon the Colleges, so that in each College there
is at least one person who is a member of the body simply by
virtue of his University office. In this way at least one subject
is represented in every College by a University officer.

(2) University Readers and Lecturers, who give systematic
instruction to all members of the University, without distinction

of College. As these men are on the one hand appointed by
the University, and are on the other hand, as a rule, members of
various Colleges, they establish a further bond of union between
the Colleges and the University.

(3) College Lecturers, who are now in the habit of throwing
open their lectures to members of Colleges other than their own,
and who are frequently members of the University Boards of
Studies.

In this way the higher teaching is being thrown more and
more completely into the hands of men who are under the direct

control of the University itself; and a study of the current

Calendar shows that the task of examining students is intrus'ted

largely to these very men. Of the examiners for the various

Triposes (of whom there are about eighty), at least fifty-six

belong to one of the three categories above mentioned. Those
examiners who are non-resident, or who are not engaged in

teaching, act as a rule in conjunction with colleagues who are

actual teachers, so that there is no single Tripos in which a

student is not fairly certain to be "sampled" (to use Mr.

Thiselton-Dyer's phrase) by a man who has had a great deal to

do with his "manufacture."
This is almost precisely the "teacher-examiner system" to

which Mr. Thiselton-Dyer refers
;
and the steady growth of this

system in Cambridge is a certain proof that it is not incom-

patible with the development of the highest type of University
in England. W. F. R. Weldon.

University College, London, February 27.

The Aneroid in Hypsometry,
From a review under this title in Nature of the nth ult,

(p. 339) it appears that Mr. Whymper has done good service to

those who use the aneroid in measuring heights, by pointing out
a very serious source of error in this instrument. According to

the reviewer :
—"All who have had any experience in testing

aneroids in the usual way, viz. by subjecting them to gradually
reduced pressures under the air-pump, and comparing their read-

ings with the concomitant indications of the manometer, are

aware that the variations of the two instruments with falling and
then with increasing pressures are by no means concordant

;
but

it will be probably new to most that, when the aneroid is allowed
to remain for some weeks under the reduced pressure, its in-

dications continue falling, and to such an extent that its final

error in certain cases is five or six times as great as when the ex-

haustion was first completed. On the other hand, aneroids that

have been kept for some weeks at a low pressure when restored
to the full pressure of the atmosphere take many weeks to regain
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their condition of equilibrium. The greater part of the recovery
takes place in the first week, and a considerable part in the

course of the first day."
Now I have little doubt that both the want of accordance in

the readings of the instrument with decreasing and then with

increasing pressure, and the "after-working" mentioned above,
are mainly, if not entirely, due to the imperfect elasticity of the

corrugated disk that forms the cover of the exhausted chamber.

No metal is perfectly elastic except with very minute stresses,

and, as a consequence, when a metal is made to go through a

complete stress cycle, there is always more or less lagging of

strain behind stress. Again, there is with all metals more or less

of titne-lag, so that any alteration of stress does not produce its

full effect all at once. Provided the temperature be kept con-

stant, and the metal be not in any way disturbed, the time-lag is

of such a nature that for equal successive intervals of time the

corresponding changes of strain form a descending geometrical

progression, With some metals, such as tempered steel, and
with moderate stresses, the effects of imperfect elasticity are not

of any material consequence. With others, however, such as

aluminium and zinc, and the alloys of the latter metal—namely,
brass, German-silver, &c.—we meet with very appreciable
deviations from the laws of perfect elasticity, even when the

stresses used do not produce any permanent deformation. I

understand that the corrugated cover is frequently made of an

alloy something like German-silver, only softer. If this be so,

I can well believe, from my experience of this alloy, that grave
errors might arise, and probably have arisen, in the determina-

tions of heights by the aneroid. If such a thing be feasible,

I would suggest that the cover should be made of tempered
steel. Herbert Tomlinson.

King's College, Strand, February 19.

Sparrowrs and Crocuses.

The time of year has arrived when we shall once more be

hearing of the ravages of sparrows on crocus blooms, and the
theories advanced in order to account for this propensity for

destruction on the part of the sparrow in suburban gardens and
elsewhere. One pet theory is that the sparrow has a fondness
for j'ei/cTu', and shows it by destroying crocuses of that colour.

Most unfortunately for the holders of such an opinion, the

sparrow does not confine its attentions to yellow crocuses only,
but attacks also the purple, white, &c., as any grower of
crocuses can prove. Undoubtedly the yellow suffer most,

probably because they are the first to appear, and meet the
birds' most pressing requirements. Moreover, the sparrows
sometimes attack the flowers while still in the sheath, and before
it is certain what colour thsy will be.

The object of the sparrow in destroying the flowers is simply
to obtain succulent food ^\. a time of year when such in the form
of larvae, &c., is scarce. I have repeatedly watched the opera-
tion from my study window at a distance of very few feet.

The stalk of the flower is bitten off by the bird some little

distance below the flower itself. The succulent stalk is then
nibbled away until the flower falls to pieces. The reproductive
parts, and especially the anthers are not attacked, as some
writers have asserted ; but in consequence of the structure of
the flower, they, like the petals and sepals, often fall away owing
to the close nibbling of the bird.

Primroses also suffer. Early primroses are usually the common
yellow form, ergo, according to theory-makers, the same cause
is at work. So it is, but not in the direction they would have
us believe. Here, again, I have distinctly seen the birds eating
the flower-stalk.

I had written you a letter to the same effect as this about the
same time last year, but from some cause or other it was not
forwarded, I take this opportunity of possibly anticipating
other letters on the same subject, and of inducing theorists to

•

carefully watch the modus operandi as I have done before rushing
into print. R, McLachlan.
Lewisham, February 26.

A Possible Misunderstanding.
I HAVE seen a report that, in a recent number of the Atti

della Regia Acadcmia dcllc Scienze di Torino, Prof. Galileo
Ferraris is credited with a statement which might mean that one
of the formula: which appear in a paper read by me before the

Physical Society of London, in May 1888, was derived from a
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paper by him. If that be Signor Ferraris's meaning, he is

entirely mistaken. My foimulse were obtained quite independ-
ently of Signor Ferraris or of anyone else,

Thomas H. Blakesley,
Royal Naval College, I'ebruary 29.

HERMANN KOPP.
TTERMANN FRANZ MORITZ KOPP, a distin-
'- •*

guished German chemist, and one of that band
of literary and scientific workers which, five-and-twenty
years ago, made Heidelberg celebrated as a centre of

intellectual activity, passed away from the scene of his

labours on February 20, in the seventy-fifth year of his

age. He had been in frilling health for some time past,
and although his recuperative power at times seemed

wonderful, his friends were not wholly unprepared for

his decease.
Born October 30, 181 7, at Hanau, where his father,

Johann Heinrich Kopp, practised as a physician, Hermann
Kopp received his scho >1 training at the Gymnasium of

his native town, and thence passed to the Universities of

Heidelberg and Marburg with the object of studying the

natural sciences, and more particularly chemistry. The
special bent of his mind towards chemistry would seem
to have been given by his father. The elder Kopp occa-

sionally busied himself with experimental chemistry, and
Leonhard's Taschcnbucli and Gehlen's Jourtial contain

papers by him on mineral analyses and on investigations

relating to physiological chemical products.
In 1839, Hermann Kopp joined Liebig at Giessen,

drawn thither by the extraordinary influence which has

made the little laboratory on the banks of the Lahn for

ever famous in the history of chemical science. For

nearly a quarter of a century Kopp found in Giessen
full scope for his scientific and literary activity. In 1841
he became a privat-docerit in the University, two years
later he was made an extraordinary professor, and in

1853 he became ordinary professor. In 1864 he was
called to Heidelberg, where he remained until his death,

occupying himself latterly with lectures on the history of

chemistry, and on chemical crystallography.
At the very outset of his career as an investigator,

Kopp seems to have devoted himself to that field of

inquiry in which his chief distinction as an original
worker was won, viz. physical chemistry. One of his

earliest papers
— " Ueber die Vorausbestimmung des

specifischen Gewichts einiger Klassen chemischer

Verbindungen," published in Pogi^cndorff's Annalen in

the year he went to Giessen—deals with the conception
of specific volujtie, which he here introduces for the first

time. During the ensuing fivc-and-twenty years, so far

as laboratory work was concerned, he was almost en-

tirely occupied in attempting to trace experimentally
the connection between the physical properties of sub-

stances and their chemical nature. We owe to Kopp,
in fact, all our broad fundamental generalizations con-

cerning the connection between the molecular weights,,
relative densities, boiling-points, and specific heats of

substances, and on the relations of crystalline form and
chemical constitution to specific volume. For work of

this kind Kopp was eminently well fitted. To remark-
able manipulative dexterity and great ingenuity

—much
of which, as in the case of Wollaston, was spent in satis-

fying a certain fastidiousness for simplicity of apparatus
and experimental method—was joined the most scrupu-
lous sense of accuracy and illimitable patience. As proof
of his accuracy, it may be stated that, although many
observers have had occasion, from time to time, to review
his work on the thermal expansion of liquids— and on a

far more ambitious scale, and with more refined apparatus,
than was possible half a century ago—his determinations
have been practically unchallenged, and retain their place
among the best ascertained constants of their kind.
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Kopp's scientific papers dealing with his laboratoiy
labours mainly appeared in Poggendorff's Annalen der

Physik und Chemie, and latterly in Liebig's Annalen
der Chef/tie. One or two of his contributions appeared
in the Philosophical Magazine^ and the Chemical Society

published his elaborate memoir on the specific heats of

compound substances, in which he sought to develop and
extend Naumann's law. But, compared with those of his

contemporaries, Liebig and Wohler, his papers are com-

paratively few in number. This is largely accounted for

by the very character of his investigations. His com-
munications were, for the most part, records of measure-

ment, often troublesome and tedious in their nature, and
followed by long and wearisome calculations ;

and in

many cases the substances with which he experimented
could only be prepared in a state of purity by long-
continued operations. It is only those who have engaged
in work of this kind that can properly appreciate the

amount of labour thus involved. The nature of the

relations which he strove to elucidate necessitated the de-

termination of the particular physical constants of some
scores of substances ; indeed, to Kopp, their number was

only limited by the extent of his knowledge of the exist-

ence of their isomerides and homologues. Much of this

work was necessarily of a pioneer character. It stands, in

fact, to our later knowledge much in the same way as

does the work of Boyle, Mariotte, and Gay-Lussac to the

fuller development of the gaseous laws which we have
witnessed during the past few years. Kopp, indeed, was

among the earliest to venture into a province of which
he actually was the first to recognize the exceeding fruit-

fulness. Its soil, however, is not of that nature which,
tickled with a hoe, laughs with a harvest ; it is only with
much tillage and patient toil—the conjoint work of phy-
sicists and chemists—that it can be made to yield its

riches. It is, however, by such work that the supreme
secret—the true nature of the form of force with which
the chemist is mainly concerned, the real nature of

chemical affinity
—will be revealed.

Kopp is known to the literary world mainly by his

great work on the "History of Chemistry" (Bruns-
wick, 1843-47, 4 vols.). The amount of labour and re-

search involved in the preparation of this work was

simply stupendous. It is not many men of twenty-five
who would have either the skill or the patience to attack

the mass of literature which embalms the chemical lore

of the ancient peoples of the East, or who would devote

years to extracting what there is of science or philosophy
from the jargon of the alchemists, or the mystical writings
of the Rosicrucians. It is hardly to be wondered at

that nearly every subsequent writer on the history of

chemistry has been content to take his facts from Kopp :

their works, so far as they relate to the early history of

the science, are based, and, for the most part, avowedly
so, on his researches. From time to time Kopp pub-
lished supplementary volumes on the same subject. In

1869-75 appeared his
"
Beitrage zur Geschichte der

Chemie" (Brunswick, three parts); in 1871-73 the
"
Entwicklung der Chemie in neuerer Zeit"; and, in

1886, "Die Alchemie in alterer und neuerer Zeit"

(Heidelberg, 2 vols.). In 1849 appeared his "
Einleitung

in die Krystallographie
"

(Brunswick; 2nd ed., 1862) ;

and in conjunction with his Giessen colleagues, Buff and

Zamminer, he published his
" Lehrbuch der physikal.

und theoretischen Chemie" (Brunswick, 1857; 2nd ed.,

1863), which constitutes a portion of the well-known
Graham-Otto's " Lehrbuch der Chemie," one of the
standard text-books in Germany and Austria.

In 1848, Kopp joined Liebig in the production of the

Jahresbericht iiber die Fortschritte der Chemie, which he
continued to edit, latterly with Heinrich Will, down to

1862. In 1851 he became the acting editor of the An-
nalett der Chemie, and although, with increasing years
and failing health, he was obliged to relinquish the re-
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sponsible management, he continued to the last to take a

lively interest in the fortunes of the periodical.

Kopp's services to chemical science were recognized by
our own Chemical Society as far back as 1849 ; and, with
the exceptions of Bunsen, who is the Doyen of the Forty,
and who celebrates his jubilee as a Foreign Member this

year, and of Fresenius, who was elected in 1844, he was
the oldest Foreign Member of the Society. He was made
an honorary member of the German Chemical Society in

1869, and in 1888 he was elected a Foreign Member of

the Royal Society.

Kopp was a good linguist and an omnivorous reader,
not only of matters scientific, but also of history and con-

temporary politics. He was remarkably catholic in his

tastes and wide in his sympathies. Indeed, no man
could be further removed than he in this respect from
the conventional idea of the German professor. He was
a constant reader of Nature, and hence was well in-

formed of the march of events, scientific and educational,
in this country. The writer of this notice, who counts it

a great privilege to be able to number himself among
his pupils, when visiting him in Heidelberg last spring
was astonished to find how fully and accurately he had

grasped the details and bearings of the projected scheme
for the new University in London, as it was at

that time understood. He was much interested, too,

in the great experiment which the County Councils have
undertaken in relation to secondary education, but of

the result of that experiment in its present form he ex-

pressed himself as not very hopeful. His extraordinary

range of information, his wonderfully retentive memory,
his geniality, his keen sense of humour, his fund of

anecdote, and exceptional conversational powers, made
him one of the most delightful of companions. Even in

the pages of the Jahresbericht, the evidences of Kopp's
humour are to be found. In abstracting the well-known

paper by Playfair and Joule on the Specific Volume of

Hydrated Salts, he is constrained to remark :
—

" Die Verfasser dieser Abhandlung sind anerkannte

Forscher, aber das hebt die Unbegreiflichkeit nicht auf,

dass in dem phosphorsauren Natron, welches wir vor

uns sehen, es nur das Wasser sein soil, welches den Raum
erfUllt, neither acid nor base occupy space. Wie durch

Zauberei kommen die letztern erst bei dem Erhitzen

raumlich zum Vorschein.—Siiure und Basis nehmen hier

keinen Raum ein, iveil die Annahme, das Wasser sei

hier mit dem spec. Volum des Eises vorhanden, gemacht
worden ist, und nach ihr fur Saure und Basis Nichts

iibrig bleibt. Jene Katze wurde von ihrem Herrn vermisst,

obgleich er sie unter Hiinden hielt, weil er die Annahme

gemacht hatte, sie habe das Fleisch gefressen. An diese

merkwiirdige Begebenheit wird man sehr oft in den

Naturwissenschaften erinnert. Ein Mann supponirte,
seine Katze habe Fleisch gefressen ; er wog sie, und da

sie grade so viel wog als das abhanden gekommene
Fleisch, sagte er verwundert :

'

hier ist mein Fleisch ;

wo bleibt meine Katze?'"
As Mr. Oscar Wilde has just reminded us, we are far

too serious nowadays ;
our Jahresberichte, Berichte, and

Chemical Society Journals have grown to be fat, unwieldy

tomes, and the primers' bills grow steadily year by year ;

otherwise some of us would not be greatly shocked to

find our scientific reading occasionally lightened a little

in this way. For it was the saying of an ancient sage
that humour is the only test of gravity ;

and gravity, of

humour.

By no one will Kopp's departure be more keenly felt

than by Bunsen, his friend and colleague for more than

a quarter of a century. The strollers along the Anlage
will miss the quaint little figure on its way to the daily

visit to the old veteran, who, rich in honour and in years,
is now the last of that famous triumvirate—Bunsen,

Kirchhoff, and Kopp—the memory of whose services the

world will not willingly let die. T. E. THORPE.
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NOTES.
The annual soiree of the Royal Society is to be held on

Wednesday, May 4. There will be a ladies' conversazione later

in the season.

On Monday Mr. Balfour announced i.hat the draft charter of

the Gresham University would be remitted for reconsideration ;

and promised to make a statement on the subject this evening.

The proposal to refer the charter back to the Privy Council has

caused much dissatisfaction. The only reasonable course is to

refer it to a Committee, on which educationalists and teachers

in all the faculties shall be strongly represented.

At the ordinary meeting of the Royal Meteorological

Society, to be held at 25 Great George Street, Westminster, on

Wednesday, the i6th instant, at 7 p.m., the President, Dr. C.

Theodore Williams, will deliver an address on "The Value of

Meteorological Instruments in the selection of Health Resorts,"

which will be illustrated by a number of lantern slides. The

meeting will be adjourned at 8.30 p.m., in order to afTord the

Fellows and their friends an opportunity of inspecting the Ex-

hibition of instruments, charts, maps and photographs relating

to climatology, and of such new instruments as have been

invented or first constructed since the last Exhibition. The
Exhibition will be open from Tuesday, the 15th instant, to

Friday, the l8th.

Still another new chemical laboratory in Germany. We
hear that Prof. Emil Fischer, at Wiirzburg, is now to have a

new laboratory at a cost of 600,000 marks. Prof. Victor

Meyer's new laboratory at Heidelberg is to be ready on May i.

We regret to have to record the death of Sir John Coode, the

eminent engineer. He died on March 2 at the age of seventy-

six. He was President of the Institution of Civil Engineers in

1889 and 1890.

In connection with the International Congresses of Zoology
and Prehistoric Archaeology, which will be held this summer at

Moscow, an exhibition of acclimatization will be opened at the

end of June. It will contain specimens of all plants acclimatized

in Russia.

The office of Superintendent-General of Education for Cape
Colony, rendered vacant by the retirement of Sir Langham Dale,
has now been filled, Dr. Thomas Muir, of the High School of

Glasgow, to whom it was offered some time ago, having de-

finitely accepted the appointment. The Glasgo'cv Herald s,\)ea.ks

of Dr. Muir's departure as "a distinct loss to education and
science in Scotland." Some years ago the Royal Society of

Edinburgh awarded to him the Keith Medal for his contribu-

tions to mathematics.

An important memorial will shortly be brought before the

Board of the Faculty of Natural Science, Oxford, by the Council

of the Association for the Improvement of Geometrical Teaching.
It relates to what the Council regard as a serious defect in the

Oxford Pass Examination papers in geometry. These generally
consist entirely of propositions enunciated without any variation

from the ordinary text of Euclid, and scarcely any attempt is

made to discover whether a student's answers are other than the

outcome of a mere effort of memory. The Council are of

opinion that such papers have the effect of a direct incentive to

unintelligent teaching, and respectfully ask for the introduction

of simple exercises and of simple questions on the book-work
set in order to promote the rational study of geometry.

The relics of the explorers John and Sebastian Cabot, pre-
served at Bristol, are to be sent to the Chicago Exhibition. It is

expected that they will attract much attention.

In the electricity building at the Chicago Exhibition there

will be no fewer than 40,000 panes of glass. This building will

be especially conspicuous at night, as, owing to its extensive glass
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surface, the brilliancy of its electrical exhibit will be strikingly
visible from the outside.

Last Saturday Prof. Roberts-Austen delivered one of the

series of lectures now being given at the South Kensington
Museum for the purpose of txtending the knowledge of the

science and art collections and of making them more gener-

ally useful, taking as his subject art metal-work. He pointed
out that, as a metallurgist, he could only claim authority to deal

with the materials employed for art metal-work. Setting aside

wrought iron, the most important of these were alloys, especially

those of the copper-tin series (the bronzes), and those of the

copper-zinc series (the brasses). When the elder Pliny wrote

in the first half of the first century of our era, and described the

nature of the early metallurgy, industrial art in bronze was

really far advanced. The artist, however, had in point of skill

left the metallurgist far behind. Referring to the presence of

lead in bronze as giving to the metal a beautiful velvety patina

by atmospheric exposure, Prof. Roberts-Austen said that there

was little use in attempting to compose a bronze with a view to

enable it to acquire a patina in the London atmosphere. He
took as an instance one of our last erected monuments, the

equestrian statue of Lord Napier of Magdala opposite the

Guards' Memorial in Waterloo Place. A few weeks ago the

patina had begun to form, and iridescent tints played over the

features, while unsightly rain stains ran down his horse ; now
the layer was thickening, and a gray-brown tint deepening, but

there was no velvety-brown oxide, or rich green and blue car-

bonate. The soldier, field-glass in hand, was sternly looking

away from the Athenaeum and the learned Societies, as if con-

scious that, in the present state of the London atmosphere, he
was beyond the aid of science, for science had clearly stated

that so long as bituminous coal was burnt in open fire-places

London must be smoky, and man and horse would soon be

covered with a black pall of soot and sulphide of copper, such

as now enshrouded the unfortunate occupants of the adjoining

pedestals.

The Royal Society of New South Wales offers its medal and

£2^, for the best communication (provided it be of sufficient

merit) containing the results of original research or observation

upon each of the following subjects ;
—To be sent in not later

than May i, 1892 : on the iron ore deposits of New South

Wales; on the eff"ect which settlement in Australia has pro-
duced upon indigenous vegetation, especially the depasturing of

sheep and cattle
; on the coals and coal measures of Australia.

To be sent in not later than May i, 1893 : upon the weapons,

utensils, and manufactures of the aborigines of Australia and

Tasmania
; on the eff"£Ct of the Australian climate upon the physi-

cal development of the Australian-born population; on the injuries

occasioned by insect pests upon introduced trees. To be sent in

not later than May i, 1894 : on the timbers of New South

Wales, with special reference to their fitness for use in con-

struction, manufactures, and other similar purposes ;
on the

raised sea-beaches and kitchen middens on the coast of New
South Wales ; on the aboriginal rock carvings and paintings in

New South Wales. The competition is not confined to mem-
bers of the Society, nor to residents in Australia, but is open to

all without any restriction whatever, excepting that a prize will

not be awarded to a member of the Council for the time being ;

neither will an award be made for a mere compilation, however

meritorious in its way. The communication, to be successful,

must be either wholly or in part the result of original observa-

tion or research on the part of the contributor. The successful

papers will be published in the Society's annual volume. Fifty

reprint copies will be furnished to the author free of expense.

A PRIZE is offered by Schnyder von Wartensee's Foundation,

Zurich, for the solution of the following problems in the domain

of physics.
' ' As the numbers which represent the atomic heats of
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the elements still show very considerable divergences, the re-

searches conducted by Prof. H. F. Weber on boron, silex, and

carbon, regarding the dependence of the specific heats upon the

temperature, are to be extended to several other elements,

prepared as pure as possible, and also to combinations or alloys
of them. Further, the densities and the thermic coefficients

of expansion of the substances investigated are to be ascertained

as carefully as possible." The following are the conditions :

the treatises handed in by competitors may be in German,
French, or English, and must be sent in by September 30, 1894.
The examination of the treatises will be intrusted to a Committee

consisting of the following gentlemen : Prof. Pernet, Ziirich ;

Prof. A. Hantzsch, Zurich ; Prof. E. Dorn, Halle-on-the-

Saale ; Prof. J. Wislicenus, Leipzig ; Prof. E. Schiir, Zurich,

as member of the Committee offering the prizes. The Prize

Committee is empowered to award a first prize of two thousand

francs, and minor prizes at its discretion to the amount of one
thousand francs. The work to which the first prize is awarded
is to be the property of Schnyder von Wartensee's Foundation,
and arrangements will be made with the author regarding its

publication. Every treatise sent in must have a motto on the

title-page, and be accompanied with a sealed envelope bearing
the same motto outside and containing the author's name. The
treatises are to be sent to the following address: "An das

Praesidium des Conventes der Stadtbibliothek, Zurich (betreffend

Preisaufgabe der Stiftung von Schnyder von Wartensee fiir das

Jahr 1894)."

At the meeting, on February 17, of the Russian Geographical

Society, the Constantine Medal was awarded to M. V. Pyevtsoff
for his work of exploration in Central Asia, especially during
the last Tibet expedition. The Count Liitke Medal was
awarded to A. I. Vilkitsky for his measurements of pendulum
oscillations in Russia. A newly established prize, consist-

ing of the interest on a sum collected by public subscription

after the death of Prjevalsky, was granted to G. E. Grum-
Grzimailo for his researches in Central Asia in 1889-90, and

large silver medals, also associated with Prjevalsky's name,
were awarded to the companions of his expeditions, V. I.

Soborovsky and P. K. Kozloff, to the geologist of the

last Tibet expedition, K. I. Bogdanovitch, for his geological
work in Central Asia, and to M. E. Grum-Grzimailo for the

surveys he made in company with his brother in the Pamir. The

great Gold Medal of the Society was awarded by the Section of

Ethnography to A. N. Pypin, for his "History of Russian

Ethnography," and by the Section of Statistics to A. A.

Kaufmann for his researches on the economical conditions of

the peasants and indigenes in the Ishim and Tura districts of

West Siberia. Four small gold medals and seventeen silver

ones were awarded for works of less importance.

At the same meeting the yearly report of the Society was

read, and we learn from it that the Expedition which has been

sent out for the exploration of the Chinese province Sy-chuang,
and the territory on the slopes of the Tibet plateau, will soon

start from Peking. The leader of the Expedition, the zoologist

M. V. Berezovsky, is already in P eking, preparing to start on

his journey. N. F. Katanoff is hard at work collecting ethno-

graphical materials in Mongolia. K. P. Sternberg continued

his pendulum observations in South Russia and Crimea ; and

A. E. Radd continued to investigate the magnetic anomalies

about Byelgorod, in Kursk. L. I. Lutughin has made geo-

logical explorations and levellings on the watershed between the

Volga and the Northern Dvina
; while the Ministry of the Navy

has continued this year the exploration of the Black Sea. In

the department of ethnography, the report mentions the work

of E. R. Romanoff in White Russia, and MM. G. E. Veres-

chaghin and Shilkoff among the Votyaks. The East Siberian

branch of the Society has accomplished, as usual, a good deal of
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useful work. Prof. Korzynski has explored the Amur region,
with especial reference to the advantages it offers for culture and

colonization : V. A. Obrutcheff continued the exploration of the

Olekma and Vitim highlands ; MM. Yadrintseff, Klementz, and
Levin took part in Prof Radloff's expedition to the valley of

the Orkhon in Mongolia ; and Dr. Kiriloff continued his studies

of Mongolian medicine. The Museum at Irkutsk has been en-

larged, and further enriched
, by new collections. The publica-

tions of the Society included : the work of the Novaya Zemlya
Polar Station ; the ornithology of North-west Mongolia, by MM.
Berezovsky and Bianchi

;
several volumes of Memoirs ; and the

Bulletin {Izveslia). The new monthly periodical, meteorological

Vyestnik, z.n6. the '"'Living Ax\i\(\miy" {Jivaya Starina) have

been issued regularly during the past year.

We are glad to be able to report an advance in the Meteoro-

logical Service of Roumania. For some years the official

publication of thkt country has been limited to the yearly

volume containing the observations for Bucharest. From

January I last, however, the Meteorological Institute has begun
the issue of a monthly bulletin containing observations taken

three limes daily at Soulina, Bucharest, and Sinaia, 6 feet, 269

feet, and 2821 feet above the sea, respectively. The various

weather phenomena are represented by the symbols adopted for

international meteorological publications.

The Danish Meteorological Institute and the Deutsche See-

warte, conjointly, have recently issued daily synoptic weather

charts, for the North Atlantic Ocean and adjacent continents,

for the year ending November 18S7, completing the series from

September 1873, with the exception of the following dates :

December 1876 to November 1880, being the period which

elapsed from the death of Captain N. Hoffmeyer, who com-

menced the work, to its resumption by the two above-named

institutions ; and September 1882 to August 1883, being the

period for which the Meteorological Office published its elaborate

synchronous charts for the same area. For three years ending
November 1886, the Deutsche Seewarte has published a separate

text explanatory of the general conditions of weather for tlie area

embraced by the charts, and showing the effect of the conditions

upon the navigation of vessels, together with charts, selected

for various periods of special interest, showing the position and

movements of barometrical maxima and minima. The work

furnishes the best possible materials for studying the connection

between the weather of the Atlantic and that of our islands.

Observations of air-pressure during a total solar eclipse

reveal an influence of the latter phenomenon on the former.

In a recent number of the Annalen der Hythograpkie, Herr

Steen studies the eclipse of August 29, 1886, in this respect,

using the records (at intervals of a quarter of an hour) of four-

teen Norwegian ships between Panama and Madagascar, of

which four were in the zone of totality, and at least four others

quite close to it. Having first eliminated the daily period of

air-pressure, he groups the observations of the ships, and forms

means ;
and he finds both these and the individual records

reveal two maxima of air-pressure, separated by a minimum. In

the totality zone the first maximum is 35m., and the second

2h. 15m., after the middle of the eclipse ; in the partial zone,

the first is 25m. before, and the second ih. 40m. after, the

middle. This double wave, Herr Steen explains thus. During
a solar eclipse, day is changed to night for a short time, and

the transition is much like the ordinary change from day to

nighl in the tropics, where the twilight is but short. There the

curve of air-pressure has regularly a maximum about 10 p.m.,

some time after sunset, and a minimum about 4 a.m., shortly

before sunrise ;
while a second maximum appears about 10 a.m.

It is natural a total solar eclipse should act similarly. The dis-

placement of the
"
epochs

"
of the air-pressure wave in the partial
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^ne as compared with the zone of totality is more difficult to

account for.

The Smithsonian Institution has printed a capital study of

the puma or American lion {Fells concolor of Linnasus), by Mr.

F. W. True. The author notes that the puma possesses in a

remarkable degree the power of adapting himself to varied sur-

roundings. The animal endures severe cold during the winter in

the Adirondack Mountains and other parts of the northern frontier

of the United States, and tracks his prey in the snow. He is

equally at home in the hot swamps and canebrakes along the

river-courses of the Southern States. In South America he in-

habits the treeless, grass- covered pampas as well as the forests.

In the Rocky Mountains, as Mr. True is informed by Mr.

William T. Hornaday, he ascends to the high altitudes in which

the mountain sheep are found. Mr. Livingston Stone saw tracks

of the puma on the summit of Mount Persephone in California,

at an elevation of 3000 feet. Similarly, Darwin states that he

saw the footprints of the puma on the Cordillera of Central Chili,

at an elevation of at least 10,000 feet. According to Tschudi,

the puma is found in Peru in the highest forests and even to

the snow-line.

In his Report on the Royal Botanic Gardens, Trinidad, for

1890, just issued, Mr. J. H. Hart, the Superintendent, says

that, while on a journey to St. Vincent, in August 1890, he

discovered a form of Agave rigida, Mill., previously unknown
to West Indian floras. It produces a useful fibre, but appears
to be too short in the leaf to rival the variety known as Agave

rigida, var. sisalana, of Perrine. The same species has also

since been found in Barbados, and identified with the above.

"With nothing," says Mr. Hart,
"

is it more easy to make a

mistake than the various species of Agave, and special care

should be taken by growers for economical purposes to have

their plant identified by competent persons, before expending

large sums on cultivation. As an instance, I may mention that

the Coratoe of Jamaica was for long years popularly supposed
to be no other than the Tropical American Agave americana,
until an examination was made into its characteristics by Mr.

D. Morris when that gentleman was resident in Jamaica. The
same thing occurred in Trinidad. The Langue Bccuf of the

Bocas Islands was for many years supposed to be Agave vivipara,

Linn., but a plant sent to Kew from these Gardens proves it to

be the Mexican Agave polyacantha, Haw. A plant from St.

H Lucii, recently received, shows characteristic points differing

from any of the above, though popularly supposed to be iden-

tical with our Bocas Island plant, and it may be found that

several unknown Agaves exist in the West Indies that have been

passed over by botanists from their similarity of growth to the

commonly known forms of the larger islands and mainland."

An excellent series of "Museum Hand-books" is being
issued by the Manchester Museum, Owens College. A
"General Guide to the Contents of the Museum" has been

prepared by Mr. W. E. Hoyle, Keeper of the Museum, and
Prof. Milnes Marshall has drawn up an "Outline Classification

of the Animal Kingdom," and a "
Descriptive Catalogue of the

Embryological Models."

We have received the tenth Annual Report of the U.S.

Geological Survey to the Secretary of the Interior, 1888-89, by
Mr. J. W. Powell, Director. It is divided into two parts, the

first relating to geology, the second to irrigation.

Messrs. Gauthier-Villars have published a work en-

titled "Lecons de Chimie," by Henri Gautier and Georges
Charpy. It is intended mainly for the use of students of

special mathematics.

We learn from "Cnt Journal oj Botany that the first pait will

shortly be issued by Messrs. Dulau and Co. of a new botanical
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publication, to be called British Museum Phycological Memoirs,
edited by Mr. George Murray. It will be devoted exclusively
to original algological papers, the records of research carried on
in the Cryptogamic laboratory ofthe British Museum in Cromwell

Road, and is intended to be issued at about half-yearly intervals

The first part will be illustrated by eight plates, and will contain,

among other articles, the description of a new order of Marine

Algae.

Dr. Baillon's " Dictionnaire de Botanique," the publication
of which was commenced in 1869, is now completed.

A NEW acid, chromosulphuric, possessing the compositiot

H2Cro(S04)4, is described by M. Recoura in the current numbe,
of the Comptes rendus. A short time ago the same chemist

obtained a remarkable isomeric form of chromic sulphate,

Cr.2(S04)3, which exhibited neither the reactions of a sulphate
nor of a salt of chromium. For instance, its solution yielded
no precipitate of barium sulphate with barium chloride. This

isomeric form of chromic sulphate is found to combine directly

with one equivalent of sulphuric acid or of a metallic sulphate to

produce the new acid, or a salt of it. Thus, when a solution

of zinc sulphate is mixed with a solution of the isomeric sulphate
of chromium in equivalent molecular proportion, zinc chromo-

sulphate is formed, ZnCr2(S04)4. The solution of this zinc salt

so obtained gives none of the reactions of sulphuric acid, nor

does it yield those of chromic acid, but it exhibits the usual

reactions of zinc salts ; hence it must be a zinc salt of a specific

acid, chromosulphuric. When the solutions of the new acid and

its salts are allowed to stand, they gradually decompose, and

barium chloride commences to precipitate barium sulphate, hence

they appear not to be very stable, but to decompose slowly into a

mixture of ordinary chromic sulphate and sulphuric acid or the

metallic sulphate. Boiling brings about the decomposition at

once. The acid itself has been obtained in the solid state,

combined with eleven molecules of water ; it is a green powder,
which is very hygroscopic, and rapidly deliquesces in moist air

but is quite permanent in a dry atmosphere. Its solution pos-

sesses a brilliant green colour when freshly prepared, but, upon

standing, changes to blue, and, after a few days, passes com-

pletely into a violet-coloured solution of ordinary chromic sul-

phate mixed with free sulphuric acid. The potassium salt has

also been obtained in the solid state, combined with four mole-

cules of water, as a green powder whose dilute solution yields

no precipitate with barium chloride, but at once gives the usual

potassium precipitates with platinic chloride and picric acid.

This salt also appears to be formed when chrome alum is de-

hydrated first for some time at 90°, and finally at 110°. The
sodium and ammonium salts have likewise been obtained, and

are found to resemble the potassium salt closely in their nature

and properties.

The additions to the Zoological Society's Gardens during tne

past week include two Silver-backed Foxes {Canis chama), two

Leopard Tortoises (Testudo pardalis) from South Africa, pre-

sented by Mr. C. Holmes ;
a Vulpine Phalanger {Phalangista

viilpina i ) from Australia, presented by Mr. W. J. C. P. Macey ;

a Ring-tailed Coati {Nasua rufa) from South America, pre-

sented by Miss M. Tew ; a Fallow Deer [Dama vulgaris ? ),

British, presented by Mrs. Edith Hilder ;
a Milky Eagle Owl

{Bubo lacteus) from Mashonaland, South Africa, presented by
Mr. E. A. Maund ; four Herring Gulls {Larus argentatus), a

Lesser Black-backed Gull {Larus fuscus), two Black-headed

Gulls {Larus ridibundus), a Jackdaw {Corvus inonedula), a

Tawny Owl {Syrnium aluco), British, an Orange-cheeked Max-
bill {Estrelda inelpoda) from South Africa, two Hooded Finches

{Spertnestes cucuUata) from West Africa, an Indian Silver-bill

{Munia inalabarica) from India, twelve Barbary Turtle Doves

(Turttir risorius) from North Africa, presented by Mrs. Kate
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Taylor; a Sharp-nosed Crocodile {Crocodihis aattus) from

Havana, presented by Mr. Arthur Morris ; a Chimpanzee

{Anthropopithecus troglodytes $ ) from West Africa, a Bison

{Bison ainericaniis i) from North America, an Anaconda

{Eunectes mtirhius) from South America, deposited ;
a Brazi-

lian Tapir {Tapirus americanus 9 ) from South America, four

Hairy-rumped Agoutis {Dasyprocta prymnolophd) from Guiana,
a Mexican Agouti {Dasyprocta mexicana) from Mexico, four

Scarlet Ibises [Eudocimus ruber) from Para, a Blue and Black

Tanager {Tanagrella cyanomelcend) from South-East Brazil, a

Prince Albert's Curassow {Crax alberti ? ) from Columbia,

purchased.

OUR ASTRONOMICAL COLUMN.
Cordova Observatory.—A publication of some importance

has recently been issued from the Observatorio Nacional Argen-
tino. It contains the observations made under the direction of

Dr. Gould, in 1880, for the General Catalogue, arranged and

published by Mr. J. M. Thome, the present Director of the

Observatory. The mean places of 10,923 stars have been found
from 33,837 separate and complete determinations, and this

during one year of observation. In addition, 16 13 observations

of circumpolars, and 1738 of time-stars, have been made for

determining instrumental corrections. It is therefore well re-

marked that "the dimensions of the volume almost entitle it

to the rank of a General Catalogue, and the results for the

month of December alone, when 5938 determinations of posi-
tions were made, would form, a fair Annual Catalogue." In
order to get through this immense amount of work, the meridian
circle was manned with an observer, a microscope reader, who
also pointed the telescope, and a recorder ; and on four nights
of eight hours each, in December, these three observers made,
on the average, 1549 complete determinations. And the work
has been done in such a thorough manner, in spite of the rapidity
of execution, that one cannot but admire the dexterity of Messrs.

Bachmann, Davis, and Stevens, who have assisted Mr. Thome.
The right ascensions are referred to the "Standard Places of Fun-
damental Stars," second edition, published in i866. The mean
places of these stars for the beginning of each year, to 1880 in-

clusive, are published in the American Ephemeris tables, and
their apparent places in successive volumes. The magnitudes re-

corded in the Catalogue are generally the results of estimation.

Stars, however, which occur in the " Uranometria Argentina"
have had their magnitudes taken from the data collected for that

work. Catalogues of southern stars are hardly so plentiful as

those containing places of stars north of the equator. This
volume is therefore doubly welcome. It represents work carried

out in spite of the vicissitudes to which an Observatory in the

Argentine Republic must be subject, and the results obtained
will be appreciated by all.

Algol.—In a series of contributions to the knowledge of the

variable stars, which has appeared in the Astronomical journal,
Dr. S. C. Chandler has discussed the periods, motions, and
laws of variable stars. His last communication, contained in

Nos. 255 and 256 of the Journal, deals with the inequalities in

the period of ;8 Persei ; the theory which satisfactorily accounts
for these and other phenomena being stated as follows :

—
"
Algol, together with the close companion—whose revolution in

2d. 20'8h. produces by eclipse the observed fluctuations in light,

according to the well-known hypothesis of Goodriche, confirmed

by the elegant investigation of Vogel—is subject to still another
orbital motion, of a quite different kind. Both have a common
revolution about a third body, a large, distant, and dark com-

panion or primary, in a period of about 130 years. The size of

this orbit around the common centre of gravity is about equal to

that of Uranus around the sun. The plane of the orbit is

inclined about 20° to our line of vision. Algol transited the

plane passing through the centre of gravity perpendicular to

this line of vision in 1804 going outwards, and in 1869 coming
inwards. Calling the first point the ascending node, the posi-

tion-angle, reckoned in the ordinary way, is about 65°. The
orbit is sensibly circular, or of very moderate eccentricity. The
longest diameter of the projected ellipse, measured on the face of

the sky, is about 2" 7. A necessary consequence of this theory
is an irregularity of proper motion with an amplitude of some-

thing over a fifth of a time-second in right ascension, and nearly
one and a half seconds in declination ; the middle point being
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the centre of gravity of Algol, and the distant unknown com-
panion, and the uniform proper motion of the latter being- o'coics. and -j- o"oi20 annually, in the two co-ordinates

respectively. The annual parallax of the star is about o""07.
The mean period of light variation is 2d. 2oh. 48m. 56'oos." It

seems very probable, from Dr. Chandler's communication, that
the inequalities in the periods of other variables of the Algol
type will admit of a similar explanation.

The Sun-spots of February.—Some facts with regard to
the dimensions of the recent sun-spots appear in the March
number of the Observatory. The group of spots apparently
connected with the great magnetic disturbance of February
13-14, and the aurora which was visible at a large number of
places on the latter date, was first seen on the east limb of the
sun on February 5. It passed the central meridian six days-
later, and disappeared rourd the west limb on February 17." The total spotted area measured on the photographs taken at

Greenwich on February 13, when the group reached its maxi-

mum, was no less than 1/350 of the sun's visible hemisphere.
At Greenwich the area of spots is measured in millionths of the
sun's visible hemisphere, and this extensive group had an area
of 2850 millionths, corresponding to 3360 millions of square
miles. The centre of the group was then at 260° long., and in
lat. — 23°. The group was a bniad band extending over 22° of

longitude in length and 10° of latitude in width, corresponding
roughly to a greatest length of 150,000 miles and a width of

75,oco miles. The large central spot of the group was 15° in

length in longitude and 8° in width in latitude. The spot-

group is the largest ever photographed at Greenwich, and is the

largest which has appeared on the sun since 1873."

A New Comet.—Prof Lewis Swift, of the Warner Observa-

tory, discovered a comet on March 6 in R.A. i8h. 59m., and
N.P.D. 121° 20'. Unfortunately the comet is at present too far

south to be seen in these latitudes.

Prof. Krueger {Astrotiomische NacJwichten, No. 3077) con-
tributes an important paper on the determination of the per-
turbations set up in the motions of periodic comets as they
approach the sun, owing to their proximity to the planets.

PHOSPHOROUS OXIDE.
TN addition to the well-known pentoxide formed when phos-

phorus is burnt in air or oxygen, a second oxide of

phosphorus has long been surmised to exist. Very little, how-

ever, has hitherto been known concerning this second oxide.

It is usually described in current chemical literature as a white

amorphous powder of the composition P2O3, very voluminous,
somewhat more volatile and more readily fusible than the

pentoxide P2O5, and instantly dissolved with great rise of

temperature by water, with formation of phosphorous acid.

During the last three years an investigation has been carried out

in the laboratory of the Royal College of Science by Prof.

Thorpe and the writer, which has resulted in showing that

phosphorous oxide is a substance possessing properties entirely
different from these. Full details of this work have recently
been laid before the Chemical Society, but a short account of

the manner in which the pure oxide has been isolated in

quantity, of its somewhat remarkable properties, and of a few
of its more important reactions, may, perhaps, not be uninterest-

ing to readers of Nature.

Properties of Phosphorous Oxide.

Before describing the mode of preparing the oxide, it will

be advisable to briefly indicate the external appearance and
essential properties of the substance. Phosphorous oxide is not

an amorphous powder, but, at temperatures not exceeding 22°

C, a pure white crystalline solid, compact and heavy, soft and
wax-like in character. Its most striking property is the ease

with which it melts, the warmth of the hand which holds the

vessel containing it being more than sufficient to convert it to

the liquid state. Its melting point is 22° "5 C, hence upon a

warm summer's day or when placed in a warm room it takes

the form of a clear, colourless liquid, very mobile, but some-
what heavy. It is best preserved in sealed glass tubes, the

air of which has been replaced before the introduction of the

oxide by carbon dioxide or nitrogen in order to avoid the action

of the oxygen contained in air, which rapidly converts

phosphorous oxide to phosphoric oxide. When such a tube con-

taining the liquid oxide is cooled by immersing it in cold water

or allowing it to stand in a room of ordinary temperature (i7°~
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20° C.) the oxide rapidly resolidifies in a most beautiful manner,

large crystals shooting out in all directions until the whole is one

compact mass of interlacing crystals. When the liquid is heated

in a distillation flask previously filled with one of the indifferent

gases carbon dioxide or nitrogen, it soon commences to boil, and
the vapour condenses in the condensing tube and the unchanged
oxide runs down into the receiver placed to intercept it in the

form of liquid, which eventually condenses to the solid again. :

Its boiling point is I73°'i C.

The vapour of phosphorous oxide possesses a very character-

istic odour, which appears to be the same as that so noticeable

about a lucifer-match manufactory. Owing to its great volatility,

both the solid and the liquid are constantly vapourizing, even at

the ordinary temperature, and hence the odour is always strongly
marked in their neighbourhood.

Phosphorous oxide may also be obtained by spontaneous

evaporation in vacuo in beautiful large isolated crystals, i

probably belonging to the monoclinic system, which are quite
[

colourless and transparent, and very highly refractive ; crystals
j

have frequently been obtained in this manner an inch in length |

and broad and thick in proportion, showing numerous prism and ,

pyramid faces. Similar crystals are obtained when solutions of

the oxide in carbon bisulphide, chloroform, ether or benzene,
in which the substance readily dissolves, are evaporated out of

contact with the air.

Instead of reacting with violence with water, as appears to

have been generally supposed, phosphorous oxide is com-

these volatile crystals in larger quantity, and of separating them

entirely from the pentoxide, a method has at length been found

by which as much as twenty-eight grams of the pure oxide have
been obtained in an experiment of five hours' duration.

Two sticks of phosphorus are cut into pieces about an inch
and a half long, and placed in a glass tube bent into the shape
shown at a in the figure, so as to retain the phosphorus when in

the melted condition. The tube should be of ij-inch bore, and
should be made from new soft glass tubing, which is quite hard

enough to stand the heat of burning phosphorus. The tube is

drawn out somewhat, but quite open, at the end where the air is

to be admitted, and at the other is narrowed slightly, so as to

fit into the condenser b, a tight joint being obtained by means of

a caoutchouc ring or a little bicycle cement. This condenser, b,

is intended to retain the phosphorus pentoxide and any free

phosphorus produced during the combustion, and is maintained
at such a temperature that the phosphorous oxide passes uncon-
densed through it. It is therefore constructed of brass instead

of glass, and is made double, that is, with an outer jacket also

of brass, so that the space between the two brass tubes may be
filled with water of the required temperature. This water may
be run in by means of a funnel through a small vertical tube, d,

a second such tube, e, serving for the introduction of a thermo-
meter. The size of condenser found most convenient is 2 feet

in length, and the inner brass tube has a bore of 25 millimetres.

At the end of the condenser furthest from the phosphorus, a

plug of glass wool about half an inch long is inserted, the

^^W

Apparatus employed for the preparation of phosphorous oxide.

paratively indifferent to that liquid, only dissolving with great
slowness. If a few drops of the liquefied oxide are dropped
into water of about the same temperature they at once fall to the
bottom of the tube, and the two liquids do not mix. If the
water is at the ordinary temperature the oxide solidifies as it falls

to the bottom. A few grams of the oxide, either liquid or solid,

require several hours for complete solution. The solution con-
tains phosphorous acid. When phosphorous oxide is warmed
with water to a temperature just below 100°, a violent reaction
of an entirely different nature occurs

; spontaneously inflammable

phosphoretted hydrogen is evolved with a loud explosion, and
red phosphorus and phosphoric acid are largely formed.

Preparation of Phosphorotis Oxide,

It is quite a mistake to suppose that when phosphorus is

burnt in a combustion-tube in a slmv current of air the
lower oxide, and not phosphorus pentoxide, is produced.
Scarcely a trace of phosphorous oxide is obtained under these cir-

cumstances, the white amorphous powder deposited being pent-
oxide. It is only when the current is at all rapid that phosphorous
oxide commences to be formed. Its advent is at once apparent,
as it crystallizes all along the upper portion of the horizontal

combustion-tube in beautiful feathery crystals, which at once
melt if the finger is laid upon the exterior of the tube, while
the pentoxide settles out along the bottom of the tube. After
several less successful attempts to devise a method of producing
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fibres being arranged transversely as much as possible ; such a

plug forms an excellent means of filtering off any pentoxide
which would otherwise escape into the phosphorous oxide con-

denser, especially after the first few minutes of the combustion,
when its meshes become loosely filled with porous pentoxide.

Directly into the end of the brass condenser fits tightly, by
means of a cork annulus, the large glass U-lube condenser, c,

in which the phosphorous oxide is condensed. The yield of

oxide appears to depend somewhat upon the shape and dimensions
of this condenser, that found most advantageous having the

shape shown in the diagram, a height of 35 centimetres from
the bottom of the bend, and an internal bore of 14 millimetres.

A short vertical tube is fused on at the bend, and passes down
into a bottle, into which the oxide may be melted at the end of

each combustion. The whole condenser is surrounded by a tall

wooden box, indicated by dotted lines in the figure, containing
pounded ice. To the end of the condenser is attached a wash-

bottle, /, containing sulphuric acid, which serves to prevent
access of moisture to the oxide condensed in the U-tube, and
also to measure the rate of the current of air drawn through the

apparatus by the water pump.
In making a preparation, as soon as the phosphorus, diied by

blotting-paper, has been introduced and the tube containing it

attached to the brass condenser, which at first is quite cold, the

phosphorus is warmed to the igniting point and the pump set

working by turning on the water-tap to which it is firmly
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attached. After about ten or fifteen minutes, crystals begin to

make their appearance in the U-tube ; the oxide then rapidly
collects in the form of a waxy mass. The best refrigerator for

the U-tube is pounded ice
;

if salt is mixed with it, the oxide

condenses so rapidly in the first cooled portion of the condenser
as to form a bridge and stop the operation until it is melted
down. When nearly half of the phosphorus is burnt, the brass

condenser is warmed by pouring in water heated to about 70°-
80° C, and the condenser is maintained at this temperature
until about three-quarters of the phosphorus has been burnt,
when the operation is stopped by slowly turning off the water

working the pump.
When phosphorus is burnt under these conditions, three

oxides are produced ; more or less of the red suboxide P4O is

always deposited in the immediate neighbourhood of the

burning phosphorus, a certain amount of pentoxide is formed
and retained in the glass tube beyond the seat of combus-
tion and in the brass condenser, and phosphorous oxide is

produced in large quantity, and, being considerably more vola-

tile, is carried forward to the cooled condenser, any which may
be deposited in the brass condenser during the earlier stages of

the combustion being cairied along into the U-tube in the

current of escaping nitrogen when the warm water is introduced

into the brass condenser. Scarcely a trace of pentoxide escapes

through the glass wool filtering plug, the product in the U-tube

being almost pure phosphorous oxide. In the course of five

hours three such charges of phosphorus may be burnt out and the

total phosphorous oxide produced, which should amount to at

least twenty grams, can be condensed in the same U tube, the

product from each charge being melted down into the bottle so as

to prevent choking of the tube. In order to free the product from

any traces of impurity, it should be distilled in a slow current of

carbon dioxide, when it condenses in the receiving tube as an

absolutely clear liquid which soon solidifies to a snow-white
mass of crystals. The tube should be at once sealed and, for a

reason which will be found under the Action of Light, kept in the

dark.

Molcciiliir Composition of Pliosphorotts Oxide.

Quantitative analysis of the substance whose properties and
mode of preparation have just been described of course yields
numbers which agree with the empirical formula P2O3. But
as the oxide is volatile it w as of the first importance to determine

its vapour density, with the view of obtaining information

regarding its molecular weight. This determination was the

more interesting from the fact that Prof Victor Meyer had

previously found that the analogous oxides of arsenic and anti-

mony gave vapour densities corresponding to the double mole-

cular formulae AS4O6 and SbjOg, and also from the fact that

the molecule of phosphorus itself is found to contain four atoms.

The vapour density was determined by Hoffmann's well-known
method in the Torricellian vacuum at the temperatures of boiling

amyl alcohol (132°), oil of turpentine (159°) and aniline (184°).
The numbers obtained from several such determinations are in

perfect accordance with the molecular weight corresponding to

the double formula P4O6. This result has been fully confirmed

by a determination of the molecular weight by the totally
different method of Raoult, which depends upon the degree of

lowering of the freezing point of a solvent, in this case benzene,

by the introduction of a small quantity of the substance under-

going investigation.
Hence phosphorous oxide must be symbolized by the formula

P4O6 and not P2O3, phosphorus thus resembling its family
relatives arsenic and antimony in the nature of its lower com-
bination with oxygen.

Physical Properties of Phosphorous Oxide.

The specific gravity of the solid oxide at 21° C, compared with

water at 4° is 2'I35, and that of the liquid oxide at 24°'8 is

I '9358. Hence there is about nine per cent, of contraction

upon the passage of the liquid into the solid state.

A somewhat interesting result has been obtained from the

determination of the specific volume, that is, the number
obtained by dividing the molecular weight by the density at the

boiling point. The actual density, of course, cannot be experi-

mentally determined at the temperature of ebullition, but by
making a careful determination of the rate of expansion and

knowing the density very precisely at some lower temperature
the density at the boiling point can be calculated. The value

thus found for the specific volume wasi30'2. Now, phosphorus
is known to possess two specific volumes ;

one in the state of
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combination (as determined from its halogen derivatives) and
which is somewhere about 25*3, and another when in the free

state, which is approximately 20 '9. Oxygen, too, is usually
supposed to have two values, one of 7*8 when it is linked to
two different atoms, single linkage as it is termed, and another
of 12*2 when doubly linked to one and the sam.e atom of another
element. If we subtract six times 7 "8, that is deduct the

specific volume due to six atoms of oxygen, from the specific
volume 1 30 "2 of phosphorous oxide, we arrive at the number
83-4 for four atoms of phosphorus, or 20 '9 for that of one atom.
If any of the oxygen atoms were doubly linked the number would
be considerably less than 20*9, hence this number represents
the greatest possible value of the phosphorus in phosphorous
oxide.

It would appear, therefore, that the phosphorus in phos-
phorous oxide possesses the same specific volume as free

phosphorus itself, a result of interest in view of the fact

revealed by the determinations of molecular weight that there

are four atoms of phosphorus in the molecule of the oxide just
as there are in the molecule of free phosphorus itself.

The liquid oxide, considering that it contains such a highly
refractive substance as phosphorus, possesses a remarkably low

power of refracting light. Its refractive index at 27°'4 C. is

only i'5349 for the red line of lithium, and 1*5614 for the blue

hydrogen line G. Not only is the refractive index of phosphorus
(2 '0677 for the red hydrogen line C) enormously reduced by its-

combination with oxygen, but the length of the spectrum is

reduced to about one-fifth.

Action of Light.

Phosphorous oxide, in the white wax-like solid form in which
it usually condenses after distillation, is remarkably sensitive to

light. Ten minutes exposure to bright sunshine suffice to turn

it red, and after half an hour it is rendered quite dark red.

The red substance which is formed is the red modification of

phosphorus, but even after several months' exposure the amount

produced has never been found to exceed i per cent, of the

weight of the oxide. The beautiful isolated crystals obtained

by sublimation in vacuo appear to be unaffected by light, but it

is a curious fact that if one of them is melted by the warmth of

the hand, and the liquid globule afterw ards suddenly cooled to

the wax-like form, the latter becomes red on exposure to day-

light. Whether the reddening is due to the conversion of small

quantities of admixed yellow- phosphorus into red phosphorus,
or to the decomposition of the waxy form of the oxide by light,

there is not yet sufficient data to determine.

Action of Heat.

It has been seen that the oxide boils without decomposition
at I73°'i. It may be heated in a closed tube to considerably
over 200° without change. It commences to decompose, how-

ever, between 210" and 250°, becoming turbid from the separa-

tion of solid decomposition products, one of which is free phos-

phorus, which becomes more and more deeply coloured until at

300° it is quite red. At about 400° the oxide is totally decom-

posed into solid products, consisting of both yellow and red

phosphorus and phosphorus pentoxide. Occasionally, when

only the lower half of the tube has been immersed in the heating

bath, the formation of crystals has been observed in the cooler

portion of the tube, which appear to be identical with some

described in a previous communication to the Chemical Society

which gave numbers on analysis agreeing with the formula

P2O4, and which yielded a solution with water capable of re-

ducing mercuric chloride to calomel. Hence the final decom-

position by heat may be expressed by the equation

5P4O6 = 6P2O5 -J- 8P,

but under suitable circumstances the intermediate formation of

the tetroxide may occur according to the equation

2P4O6 = 3P2O4 + 2P.

Action of Oxygen.

Phosphorous oxide takes up oxygen spontaneously at the

ordinary temperature. It is protiable, however, that the

oxygen only reacts in the cold with the vapour. For if a small

quantity of the oxide is placed at the bottom of a glass tube

closed at one end and previously filled with oxygen, and the

1
tube is sealed and left in the dark in an upright position, the

I

oxide is gradually converted to a voluminous mass of pentoxide.
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which is deposited in a most beautiful manner in regular annuli

all up the tube to the very top. When the oxide is placed in

contact with oxygen in an apparatus in which the pressure can

be rapidly diminished, the oxidation is seen to be accompanied

by a phosphorescent glow, flickering up and down throughout
the whole inclosed space, similar to that which occurs under the

same circumstances with phosphorus itself. Moreover, this

phenomenon is observed with the purest specimens distilled in

vacuo. If the temperature is increased, the phosphorescence
is brought about at pressures near the atmospheric, and if it is

raised to 70" C, phosphorescence gives place to actual com-

bustion, which, however, may be at once reduced to mere

phosphorescence by diminishing the pressure. If the oxide is

thrown into oxygen warmed to about 50°, it immediately burns

to the pentoxide with a most brilliant flash of flame.

Action of Halogens.

When phosphorous oxide is thrown into a vessel containing
chlorine gas, it instantly takes fire and burns with a pale green
flame. If chlorine is led over the oxide at the ordmary tem-

perature, violent combustion also occurs ; but if the vessel con-

taining the oxide is cooled by ice, the reaction occurs in a more
moderate manner. The product is a clear liquid which is found

to be a mixture of phosphorus oxychloride, POCI3, which may
be distilled off", and metaphosphoryl chloride, POjCl, which

remains as a viscous residue after the distillation of the phos-

phorus oxychloride. The reaction occurs in complete accordance

with the equation

P4O6 -f- 4CI2 = 2POCI3 + 2PO2CI.

Bromine also acts with considerable violence upon the oxide,

generally with incandescence. Analogous products are eventually
obtained as in the case of chlorine ;

but if the experiment is so

arranged that the vapours of the two substances only are allowed

to react at the ordinary temperature, an intermediate reaction

occurs with deposition of annuli of large and very perfect

crystals of phosphorus pentabromide, PBrj, phosphorus pent-
oxide being also formed at the surface of the phosphorous oxide.

Iodine only slowly reacts with the oxide, and best when the

two substances are dissolved in carbon bisulphide and the solu-

tion heated in a sealed tube. On cooling, orange-red crystals
of P.2I4 separate out.

Action of Sulphur—Formation of a Sulphoxide of Phosphorus.

Sulphur reacts with the oxide in a most interesting manner,

producing a beautifully crystalline addition compound of the

empirical formula P2O3S2. The reaction is best carried out in a

sealed tube, about five grams of the oxide and the corresponding

quantity of sulphur being placed together in the tube, which has

previously been filled with carbon dioxide or nitrogen. The
tube is fixed upright, and its lower portion, containing the

mixture, is heated in a glycerine bath. No reaction occurs, the

two liquids remaining in separate layers, until a temperature
in the neighbourhood of 160'' is attained, when sudden and very
violent combination takes place, the tube being usually shattered

into fragments if more than 5 grams of the oxide are employed.
The sulphoxide produced is a pale yellow solid substance which
melts at about 102°, and boils without decomposition at 295°.
When heated hi vacuo it sublimes largely in the form of tetra-

gonal prisms of considerable size, quite colourless and trans-

parent ;
a certain amount frequently condenses in a vitreous

form, which eventually devitrifies into feathery aggregates of

the tetragonal prisms. Occasionally long needles, elongated
tetragonal prisms, are formed. A very slight residue usually
remains of sulphur, to which the yellowish colour of the crude

product is probably due. The sulphoxide is soluble in carbon

bisulphide, and the solution deposits it again in tetragonal

prisms on evaporation.
As phosphorus sulphoxide is undecomposed even at 400° C,

it has been found possible to determine its vapour density by
Victor Meyer's method in an atmosphere of nitrogen. The
numbers obtained agree with the double formula P40gS4.
Hence phosphorus sulphoxide is a direct sulphur addition

product of phosphorous oxide.

It is deliquescent, and is decomposed by water with liberation

of sulphuretted hydrogen and formation of phosphoric acid.

Other /'Reactions of Phosphorous Oxide.

Ammonia gas, when led over melted phosphorous oxide,
causes immediate ignition of the mass. When the oxide is
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dissolved in ether, however, the action is more manageable,
and a new white solid compound is formed. This compound is

/NHo
the diamide of phosphorous acid, P^ NH„. It is an amorphous

\0H'
powder which dissolves instantly in water with production of
flame. Dilute hydrochloric acid liberates pure non-spon-
taneously inflammable phosphoretted hydrogen from it, owing
to the decomposition, at the high temperature brought about by
the reaction, of the phosphorous acid first produced.

Hydrochloric Acid gas converts the oxide into phosphorus
trichloride and phosphorous acid, the former being readily
decanted from the latter at the close of the experiment.

P40e + 6HC1 - 2PCI3 + 2H3PO3.
Concentrated sulphuric acid deflagrates violently with phos

phnrous oxide with production of flame, formation of phosphori
acid, and liberation of sulphur dioxide.

Cattstic alkalies, when tolerably concentrated, at once decom-

pose the oxide with production of a flame of burning phos-
phoretted hydrogen, red phosphorus being deposited, and a

phosphate formed.

Sulphtir chloride and phosphorus pentachloride respectively
react with great energy with the oxide, the resulting liquid pro-
ducts being immediately raised to the boiling-point. When the
reactions are performed in vessels cooled by ice, the products
may be collected and examined. Sulphur chloride yields a

mixture of oxychloride and sulphochloride of phosphorus,

P40,j 4- 6S2CI2 = 2POCI3 -f 2PSCI3 ^- 2SO2 4- 8S.

Phosphorus pentachloride produces a mixture of oxychloride and
trichloride of phosphorus,

P4O6 -^ 6PCI5 = 6POCI3 -^ 4PCI3.

Ethyl alcohol instantly sets fire to phosphorous oxide. The
reaction may readily be moderated, however, by cooling the
vessel by ice, and under these circumstances a new liquid, diethyl

/OC2H3
phosphorous acid P^- OCjHj, is produced. This liquid possesses

\0H
a strong garlic-like odour, boils at i84°-i85'', and has a specific

gravity of i'0749 at I5°'5.

An account of the properties of phosphorous oxide would not
be complete without a reference to its physiological action. Most

people are aware that persons engaged in lucifer-match making
occasionally suff"er terribly from disease of the lower jaw, and it

is found that this is due to the direct action of the fumes upon
the bone. It would appear that this deplorable action is directly
traceable to the vapour of the volatile phosphorous oxide now
described, for this oxide is found to be largely formed when
phosphorus oxidizes without igniting ; and if any benefit in the

way of increased precautions against such action .should follow
from ths further knowledge now gained concerning this sub-

stance, none will rejoice more heartily than those who have

attempted to place its chemical history upon a surer foundation.

A. E. TUTTON.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

OxFOKD.—Mr. George B. Grundy, B.A., Brasenose College,
has been elected to a Geographical Studentship (see Novem-
ber 19, 1891, p. 70). This student, after preliminary study at

Oxford, or at some other place appointed liy the electors, will

be expected to reside at least three months in the region he is

investigating, and to forward the results of his work to the Koyal
Geographical Society.
A meeting of the Ashmolean Society was held in the Museum

on Monday, March 7, Mr. E. B. Poulton, F.R.S.,in the chair.

The Rev. F. J. Smith, Trinity College, Mellard Lecturer, was

prevented by illness from giving his paper on some of the uses of

photography in scientific research. Mr. Veley, University
College, read a paper on some chemical transformations of nitric

and nitrous acids.

Mr. F. E. Weiss, Assistant Professor of Botany at University
College, London, has been appointed Professor of Botany at

Owens College, Manchester.
Mr. Wyndham R. Dunstan, the Director of the Research

Laboratory connected with the Pharmaceutical Society, has been
elected Lecturer on Chemistry at St. Thomas's Hospital Medical

School, in succession to the late Dr. Bernays.
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SCIENTIFIC SERIALS.
American Journal of Science, February.

—On the use of
a free pendulum as a time standard, by T. C. Mendenhall.
The accuracy with which we measure hours, minutes, and
seconds is dependent upon our ability to subdivide the sidereal

day by mechanical arrangements, e.g. chronometers and clocks.

The author believes that a free pendulum, vibrating under con-
stant conditions, furnishes a much more trustworthy standard for

short intervals of time than any clock or chronometer. To
determine the period of such a pendulum, a small mirror is

placed in a vertical plane on the pendulum head,, and another
is placed parallel to it, but rigidly attached to the support upon
which the pendulum swings. At a distance of about a metre,
an apparatus is arranged which illuminates a slit at intervals of a
second. Each of the two mirrors reflects images of the illu-

minated slit to an observing telescope, and the arrangement is

such that when the pendulum is at rest, or at its lowest point,
the two images just overlap. Suppose this overlapping to be
observed at any instant, then, if the chronometer which makes
the current for the illumination of the slit, and the pendulum,
have the same period, or if they differ by half a period, the same
appearance would be observed continually. But if the two differ

by an extremely smal' amount, the image from one of the
mirrors will be a little above or below the image of the other
when the slit is illuminated, and the distance separating them
will go on increasing until the pendulum has gained or lost one
oscillation. Such a pendulum and accessories can be used to

compare one chronometer with another or with a clock. And
the great advantage it possesses is that in an hour or less a

daily rate can be determined, correct to about three-hundredths
of a second.—On the Bear River formation, a series of strata

hitherto known as the Bear River Laramie, by Dr. Charles H.
White.—The stratigraphic position of the Bear River f)rmation,
by T. W. Stanton. The object of these two articles is to show
that the strata which have hitherto been known as Bear River
Laramie are not only not referable to the Laramie formation,
but that they occupy a lower position, being overlain by marine
Cretaceous strata the equivalents of which are known to

underlie the true Laramie.—The iron ores of the Marquette
district of Michigan, by C. R. Van Hise.—An illustration of
the flexibility of limestone, by Arthur Winslow.—The separa-
tion of iron, manganese, and calcium, by the acetate and
bromine methods, by R. B. Riggs.

—The Central Massachusetts

moraine, by Ralph S. Tarr.—Proofs that the Holyoke and
Deerfield Trap sheets are contemporaneous flows, and not
later intrusions, by Ben. K. Emerson.

The QuarterlyJournal of Microscopical Science, vol. xxxiii.
,

Parti (December 1891), contains :
—Dr. Marcus M. Hartog,

Some problems of reproduction : a comparative study of gameto-
geny and protoplasmic senescence and rejuvenescence (pp.
1-80). This important paper cannot be summarized within the

space at our disposal ; the table of contents runs to two pages,
and the theses which state concisely the results of the inquiry
are twenty in number, extending over three pages.

—Herbert E.

Durham, On wandering cells in Echinoderms, &c., more espe-
cially with regard to excretory functions (plate i. ). Following
up his researches on the emigration of amoeboid corpuscles in

starfish, the author of this paper inquires as to the subsequent
fate of the pigment-containing corpuscles in other animals,

selecting Dytiscus marginalis for this purpose. In the irregular
Echinids the process of removal of products from the body by
means of amoeboid cells was seen to be more definitely asso-

ciated with pigment ; these wandered out at any point of the
free surface of the body, in the neighbourhood of the circumoral
rosette feet, and in the feet themselves, or into the lubes of the

madreporite. In the consideration of this subject the great

importance of these two processes— the reaction to minute

foreign bodies, and the use of the wandering cells in getting rid of

effete material from the system—are insisted upon, and numerous

weighty and important facts are detailed. In notes on Echino-
derm histology the dorsal organ is minutely described, and its

functions are detailed.—Sidney F. Harmer, On the nature of

the excretory processes in marine Polyzoa (plates ii. and iii.).

A series of interesting investigations, made at the Zoological
Station at Naples, go to confirm the view that the marine

Ectoprocta are not provided with definite nephridia ; and appear
to show that the excretory processes are carried on principally

by the "brown bodies," the funicular (connective) tissue, and
the free mesoderm cells contained in the meshes of the latter.—
J. T. Cunningham, Spermatogenesis in Myxine glutinosa (plate
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iv.). These investigations as to the development of the sper"
matozoa in this heru)aphrodite fish were carried on at Alver"

strommen, some twenty miles to the north of Bergin. The
author confirms in great measure his previous work, but he
failed to find fertilized ova.—Dr. W. Blaxland Benham, Notes
on some aquatic Oligochseta (plates v. to vii.). We have
notes on the anatomy and histology of Heterochceta costata,

Claperede; a note on Sfirosperma ferox, Eisen
;
on a species

of Psammoryctes ; note on the chetas of Tiihifex rivnlorum ;

on Stylodrilus vejdovskyi, n. sp., found just below Goring-on-
Thames

; note on Nais elinguis ; on the supposed constancy of
n in a given species of Naid, n being the position of the zone
of budding, the numbers following signifying the number of

segments in front of the zone.—Charles Slater, on the differ-

entiation of leprosy and tubercle bacilli. As any staining agent
which will colour the leprosy bacillus will also stain the tubercle

bacillus, the methods proposed to stain the one leaving the
other unstained are untrustworthy, and the apparent differences

in respect to rapidity of staining and resistance to decolorization

are due to difference in numbers of bacilli present.
— Charles

Stewart, On a specimen of the true teeth of Ornithorhynchus
(plate viii.).

Part 2, January 1892, contains :
—Arthur E. Shipley, On Ottch-

nesotna steenstrupii (plate ix. ), describes the minute anatomy of

this the smallest Sipunculid known, one of three species, all of
which have been described from the north-west coast of Nor-

w,ay. The head is much simplified; the lip surrounding the

mouth bears no tentacles, but is produced dorsally into a blunt

ciliated process ; there are neither tentacles, hooks, collar, pig-
mented skin, or eyes ;

there is no vascular system, no spindle
muscle, and no giant cells are found in the brain, which latter is

not bilobed. The retractor muscle is single, arising from the

posterior end of the body ; the nephridium is also single.

Nothing is known as to its development.—Edward A. Minchin,
Note on a sieve-like membrane across the oscula of a species of

Leucosolenia, with some observations on the histology of the

Sponge (plates x. and xi.). In a species of Leucosolenia,

probably Z. coriacea, found at Plymouth, a thin perforated
membrane was found stretching across the oscular openings.
This membrane occurs a little below the actual margin of the

opening, varies in size with the oscula, but is imperforate in the

very smallest openings ; it is composed of two layers of cells in

apposition ; these are separat-ed by a thin layer of jelly. The
author suggests an analogy between this membrane and the

well-known sieves in some of the Hexactinellid Sponges, and

severely criticizes Von Lendenfeld's homologies concerning
oscular sieve plates. Some new points about the ectoderm and
endoderm are alluded to.— Ernest W. MacBride, The develop-
ment of the oviduct in the frog (plates xii.and xiii.

).
The author

states the principal new points as follows: (i) the oviduct

arises opposite the first and not the third nephrostome
of the pronephros ; (2) the whole of the duct and not

merely its posterior half, as Hoffman supposed, arises ap-

parently by proliferation from a strip of modified peritoneum,
entirely independent of the Wolffian duct ; (3) the lumen appears

quite close to the peritoneum and in patches.
—Margaret Robin-

son, On the nauplius eye persisting in some Decapods (plate xiv.).

The nauplius eye has been described as persisting in Schizopods,
and has been referred to by Dr. Paul Mayer as occurring in

Palaemonsetes, but the author describes and figures it as found

by her in several species of Decapoda, Pandalus annulicornis,
Virhius varians. As regards the shape of the pigment
cells, the position of their nuclei, and the arrangement of

the nerve end cells in three groups, these eyes exactly resemble

the median eye of Branchipus as described by Claus.—Dr. W.
Blaxland Benham, Notes on two Acanthodriloid Earthworms
from New Zealand (plates xv. and xvi.), describes Plagiochata

pttnctata, n. gen. et. sp. ; this new genus has apparently
affinities with Pericha'ta and with Acanthodrilus. Also describes

Neodrilus monocystis, Beddard.—Asajiro Oka and Arthur Willey,
On a new genus of Synascidians from Japan (plates xvii. and

xviii.). This remarkable Compound Ascidian was found in some

quantities at Moroiso, a place on a small bay to the north of

Misaki, some fifty miles south of Tokio. It belongs to the

DidemnidK, and has been called Sarcodidevinoides misakiense.

The colour is a brilliant red, and the surface of the colony is

smooth and glistening ; at the tips of the round knob-like

lobes, which are a very characteristic feature of the genus, are

seen the small but extinct excurrent orifices, the lips of the pores

being slightly raised above the level of the surrounding surface.
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SOCIETIES AND ACADEMIES.
London.

Royal Society, February ii.—"Contributions to the

Physiology and Pathology of the Mammalian Heart." By
Prof. Roy, M.D., F.R.S., and J. G. Adami, M.A., M.B.

The authors have spent several years in attempting to give

to the study of the intact mammalian heart the accuracy which

has been attained in the study of the heart of cold-blooded

animals. They described two instruments which had been

found by them to be of especial value : one which they term the

cardiometer . (a form of cardiac plethysmograph or oncograph) ;

the other, the myocardiograph, by means of which records were

obtained of the contraction and expansion of the muscle

between two points upon the surface of either ventricle, or of

ventricle and auricle simultaneously. They pointed out the

ease wherewith cardiac tracings may be misinterpreted if certain

elements of the mechanics of the heart be not constantly kept in

mind. Thus, if, when the chambers of the heart become ex-

panded, there is a lessening of the extent to which at each

systole the muscle fibres contract, this does net mean that the

contractile force is weakened ; for with increase in the contents

of the cavities of the heart there is increased strain (or weight)
thrown upon the walls, and a comparatively sli2;ht diminution in

the circumference of the expanded ventricle suffices to expel the

same amount of blood, whose expulsion, when the ventricle is

but little expanded, is accompanied by great diminution in cir-

cumference. Thus, in considering the action of the vagus upon
the heart, it was shown that stimulation of this nerve does not

cause loss of ventricular force of contraction. Moderate stimu-

lation induces weakening or paralysis of the auricles, accompanied

by ventricular dilatation. This dilatation is due to the increased

venous and intraventricular pressure accompanying the slowed

rate of beat. And though, as shown by the myocardiograph,
there is now lessened systolic contraction of the ventricular wall,

and also lessened output in a given time, each individual con-

traction leads to the expulsion of an increased quantity of blood.

The only direct action of the vagus upon the ventricles, accord-

ing to the authors, is a diminution of the excitability of the

ventricular nouscle. Upon continued fairly strong vagus excita-

tion the auricular rhythm is weakened or inhibited, and does not

suflice to set up the normal "sinus," or post-auricular rhythm
of the ventricles ; so for a time the ventricles usually cease to

beat ; but soon the independent idio-ventricular rhythm mani-

fests itself, the same that is to be seen when, after ihe methods
of WooMridge or Tigerstedt, the mammalian auricles and
ventricles are cut off from one another ; or, again, shows itself

after muscarin poisoning. Experiments of the authors and

early observations of Einbrodt were mentioned proving this con-

tention. With a certain degree of vagus excitation, irregularity
of the ventricles results in consequence of the sinus and idio-

ventricular rhythms interfering with one another. In the dog
this is the common form of irregularity ; probably this is also

true for man.
The authors conclude that the term nei'vi atigmentores is

better and more comprehensive than that of nervi accelerantes

cordis. Excitation of these nerves in the dog leads more often to

augmentation in the force than in the frequence of contraction :

the two effects do not by any means go hand-in-hand.

Vagus excitation relieves the heart of work, and therefore of

waste, to as great an extent as is compatible with a continuance

of the circulation ; the vagus may therefore be looked upon as

primarily the protective nerve of the heart, and secondarily it

was shown to act in the interests of the central nervous system ;

while the presence in the sciatic and other mixed nerves of

fibres which cause reflex vagus excitation would seem to indicate

that the nerve may be used by other parts of the body to

diminish the output of the heart, and so to reduce the activity of

the circulation as a whole. The idio-ventricular mechanism
must be loolted upon as a means whereby arrest of the circula-

tion—and death—is prevented when the vagus action exceeds a

certain limit.

The augmentor nerves, on the other hand, increase the work
and tissue waste of the heart, this organ being sacrificed for the

needs of the economy until the vagus is called into play by
cardiac reflex. The output is increased, and the ventricles

are enabled to pump out their contents against heightened
arterial blood pressure.
Other considerations dealt with by the authors were : the

mode of interaction of the vagi and augmentores, and factors

NO. T 167, VOL. 45]

other than nervous affecting the force of the heart's contractions ;

for example, the blood pressure in the coronary arteries ;

changes in the volume and in the constitution of the blood,

asphyxia, fatigue, and organic disease ; the part played by the

nerves in all these cases being especially taken into considera-

tion.

February 25.
— " The Electric Organ of the Skate : Observa-

tions on the Structure, Relations, Progressive Development, and

Growth of the Electric Organ of the Skate." By J. C. Ewart,

M.D., Regius Professor of Natural History, University of Edin-

burgh. Communicated by Prof. J. Burdon Sanderson, F. R.S.

After referring to the observations of Stark, the discoverer of

the skate's electric organ, and to the work of Robin, Leydig,

Babuchin, and others, the author describes the arrangement of

the muscles in the tail of Selachians with a view to determining
which muscles in the skate are transformed into the electric

oriJ^ans.

By comparing the caudal muscles of Scyllium, Lamna,
Mylwbatis, and Raia, it is made out that, while the middle row

of muscular cones remains unaltered in the sharks and rays, it is

transformed into a more or less perfect electric organ in the

skates the various members of the genus Raia. \\ is pointed
out that, while the middle row of muscular cones is transformed

in Raia into electric cones, the two adjacent rows of cones, as in

the rays and certain sharks, diminish in size, and in some cases

disappear afiout the middle of the tail.

In considering the structure of the organ, it is stated that,

when the various modifications are taken into consideration, it

may be described as consisting of a series of electric cones made

up of more or less completely metamorphosed muscular fibres.

Twenty-eight distinct cones were counted in the organ oiR. batis.

The first, which in a half-grown fish measured 5 cm. in length,

was all but completely invested by the last unaltered muscular

cone. From the first to the tenth the cones slightly increased in

length ;
but from the eleventh they diminished in length, the

twenty-sixth measuring only 075 cm. Beyond the twenty-eighth
there were from six to eight mcomplete cones.

In transverse sections the anterior third of the organ was seen

to present an oval or rounded form, while the middle and

posterior thirds were less regular, owing to the organ coming
into contact with the vertebral column, and being grooved by
the dors il and ventral muscles.

The cones are described as consisting of numerous loculi or

chambers, each having an electric di-k suspended by nerve fibres

from its anterior wall, and occupied in front and behind the disk

with gelatinous tissue.

It is estimated that each organ in R. batis is made up of about

10,000 electric elements, i.e. about 20,000 in the two organs.

Torpedo marmorala has about 500,000, and T. gigantea about

1,000,000, elements in the two batteries, all considerably larger

than those of the skate.

The layers of the electric disks, the electric, striated, and

alveolar, are described in detail
;
and the vari .us views as to the

termination of the nerve fibrils in the disk are referred to.

In the cha[)ter on the progressive growth of the organ a table

is given to show that in R. batis the organ, after a time, grows
at a greater rate than the tail in which it is lodged : e.g. in fish

60 cm. in length the tail measures about 28 cm., and the electric

organ 22*5 cm. ; well-formed disks having an area of o'8 to

I sq. mm. In fish 225 cm. in length the tail measures 85 cm.,
the organ 70 cm., and the disks have an area of about 2'o8 sq.

mm. In fish from 25-5 to 30-5 cm. in length the organ is from

1278 to i4'o cm., and weighs o'5 to 0'6 gram ;
in fish from

83*5 to 91 -25 cm. the organ is from 30*50 to 34*25 cm., and

weighs from 6*o to 80 grams ; in fish 157 cm., the organ
measures 48*25 cm., and weighs 25*00 grams ;

while in 225 cm.

fish the organ, which measured 70*00 cm., weighed 156*00

grams. These facts, especially the great size and weight of the

organ in large skate (about 7 feet in length), do not seem to

point to the skate's organ being in process of degeneration ;

more especially as the increase in size is not accompanied by
any histological changes of a retrogressive nature, the largest

organ examined being apparently as perfect as that of Torpedo
and Gytnnolus.

In discussing the organ from a physiological point of view,
reference is made to the investigations of Sanderson and Gotch,
and it is pointed out that, when the electric plate is taken as the

unit, the value per square millimetre of the single plate of the

skate is in all probability equal to, if not greater than, that of

the torpedo.
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The structure of organs of the skate and torpedo are com-

pared at length, and it is shown that in the case of the torpedo
all the non-essential structures are absent ; while the all-essential

part, the electric layer or plate, closely resembles the corre-

sponding layer or plate in the skate ; the electric layer of R.

circularis being especially like that of the torpedo.
In considering the modifications of the electric organ in the

skate genus, it is shown that in all the British species, with the

exception of R. racliata, R. circularis, and R. fullonica, the

elements are in the form of disks. In the three exceptions the

elements are more or less cup-shaped. In R. radiata, as

described in a former paper, they are in the form of thick-walled

shallow cups. The electric plate, apparently a greatly enlarged
motor plate, lines the cup, which throughout resembles an

ordinary striated muscle. In R. circularis, a more specialized
member of the group, the electric elements are larger and better

developed. The cups are deep and well moulded, and the

electric layer is even more complex than in R. batis ; at least, it

more closely resembles the electric layer of the torpedo.

Further, the cups are invested by a thick nucleated cortex, from

which a number of delicate short processes project
—the first

appearance of the long prongs found in R. batis. In R. fullonica
the electric elements stand nearly midway between the only

partially transformed muscular fibres of R. radiata and the

complex disks of ^. batis. The cups in R. fullonica are less

deep than in R. circularis ; and while the electric and striated

layers appear to be all but identical in the two species, the

cortex is decidedly more like that of R. batis. The short simple

processes of R. circularis are represented in R. fullonica by

processes, often complex, which, by projecting freely from the

outer surface of the cup, give it an irregular villous appearance,
and at once suggest the processes or prongs which are so

characteristic of the alveolar layer of R. batis.

After giving a summary of his observations on the electric

organ of the skate, the author concludes by pointing out that it

is not yet possible to indicate by what method the electric

organs of fishes have been produced.
•' On the Organization of the Fossil Plants of the Coal-

Measures. Part XIX." By W, C. Williamson. LL.D., F.R.S.,
Professor of Botany in the Owens College, Manchester.

Physical Society, February 12.—Annual General Meeting.—Prof. W. E. Ayrton, F.R.S., President, in the chair.—The

Report of the Council was read by the President, as were also

the obituary notices of Prof. W. Weber, late Honorary Member,
Mr. W. G. Gregory, and Prof. James Couch Adams. A list

of additions to the library accompanied the Report. Dr. E.

Atkinson read the Treasurer's statement, showing a gain of

about ;^240. On the motion of the President, the Reports of

the Council and of the Treasurer were unanimously adopted.
Prof. Van der Waals was elected an Honorary Member of the

Society. Prof. Reinold proposed a cordial vote of thanks to the

Lords of the Committee of Council on Education for the use of

the rooms and apparatus in the Royal College of Science. This

•was seconded by Prof. S. P. Thompson, and carried unani-

mously. A similar vote was accorded to the auditors. Dr.

Fison and Mr. H. M. Elder, on the motion of Mr. W. Baily,
seconded by Dr. C. V. Burton. The following gentlemen were
declared duly elected to form the new Council :

—President :

Prof. G. F. Fitzgerald, F.R.S. Vice-Presidents: Prof. A. W.
Rvicker, F.R.S., Walter Baily, Prof. O. J. Lodge, F.R.S.,
Prof. S. P. Thompson, F.R.S. Secretaries: Prof. J. Perry,

F.R.S., and T. H. Blakesley. Treasurer: Dr. E. Atkinson.

Demonstrator: C. Vernon Boys, F.R.S. Other Members of

Council : Shelford Bidwell, F.R.S., Dr. W. E. Sumpner, Major-
General E. R. Festing, R.E., F.R.S., J. Swinburne, Prof.

J. V. Jones, Rev. F. J. Smith, Prof. W. Stroud, L. Fletcher,

F.R.S., G. M. Whipple, James Wimshurst. A vote of thanks

to the officers of the Society was pi-oposed by Mr. Swinburne,
.seconded by Mr. A. P. Trotter, and carried unanimously. The
•Chairman then invited suggestions towards improving the work-

mg of the Society. In response, Prof. S. P. Thompson said

that as the Society had been established fifteen or sixteen years,

and had amply justified its existence, the time had now arrived

for giving fuller recognition to the privileges of members. He
thought they had earned the right to be called "

Fellows," and

that this ought to be signified by some distinctive title. Mr. J.

Swinburne suggested that before papers were brought before the

meetings they should be read by a Member of Council. If suit-

able, they should then be printed, and proofs sent to members who
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applied for them. Mathematical papers could then be taken as

read ; and the discussions would be more interesting and to

the point. It would also be an advantage if communications on
kindred subjects could be taken the same day, and discussed to-

gether. Papers on purely technical subjects should go to the tech-

nical societies. Prof. Ayrton, in reply to Mr. Swinburne, said the

members had the matter of papers in their own hands, for, as

pointed out in the Report of the Council, if they would only
send in the papers early enough, the Secretaries would be glad
to group them in the way suggested. Referring to Prof. Thomp-
son's remarks, he said he had often thought it would be an

advantage to have another class of members in the shape
of "

Students," who should hold meetings amongst themselves.

Mr. A. P. Trotter said the Society was unique in many respects,

and thought it was not desirable to have different grades of

membership. Dr. C. V. Burton agreed with Mr. Trotter, and

said that even if Prof. Thompson's suggestion was adopted,
means should be provided that persons could be admitted into

the Society without claiming any distinction therefrom. Prof.

S. P. Thompson, referring to the communications brought before

the Society, said it was not necessary that all should possess

great novelty. Descriptions of new arrangements of apparatus,
of diagrams, and exhibits of modern instruments were of great

interest to members. The Chairman pointed out that at the

early meetings of the Society exhibitions of instruments were

frequent, and said the Council would be glad if instrument

makers would send apparatus to be shown at any of the meet-

ings. The meeting was resolved into an ordinary science

meeting, and Messrs. W. R. Bower and E. Edsen were elected

members.—Prof S. P. Thompson, F.R.S., communicated a

note on supplementary colours, and showed experiments on the

subject. As white light can be divided into pairs of " com-

plementary coloars," so any coloured light, not monochromatic,

can be split up into pairs of tints ; these, the author, for want of

a better name, has called
"
supplementary colours." For pro-

ducing such colours two methods were used. In the first one,

a spectrum of the coloured light was formed by a direct-vision

spectroscope and recombined on a screen. By interposing a

narrow prism between the spectroscope and screen, a portion of

the spectrum was separated from the rest, and various pairs of

supplementary colours thereby obtained. In the other method,

polarized light, a quartz plate, and a double image prism were

used to form two patches of complementary colours. On inter-

posing a coloured medium the patches became supplementary,

and varied in tint as the prism was rotated. The chief pecu-

liarity of supplementary colours was the great variety of tints

that co'jld be obtained from a single medium, permanganate of

potash in dilute solutions being particularly rich in this respect.

The author had also noticed that the eye was not very sensitive

to orange-coloured rays. When experimenting by the second

method, he had observed that with any composite light one of

the supplementary patches could be got of a grayish hue, and '

the other nearly a pure spectrum tint. He thus unexpectedly

verified Abney's law that any colour could be produced by

diluting some spectrum tint with white light. Captain Abney
said it was very interesting to see the gray colour and the supple-

mentary colours shown by the author. General Festing and

himself had experimented on colour phenomena by methods

quite different from those used by Prof. Thompson, for they had

matched colours by adding white light to pure spectrum tints

until a match was produced. Greater purity of colour could be

obtained in this way.—A paper on modes of representmg

electromotive forces and currents in diagrams, by Prof. S. P.

Thompson, F.R.S., was postponed.

Chemical Society, February 18.—Prof. W. A. Tilden,

F.R.S., Vice-President, in the chair.—The following papers

were read :—A search for a cellulose-dissolving (cytohydrolytic)

enzyme in the digestive tract of certain grain-feeding animals,

by H. T. Brown. The author and G. H. Morris have recently

shown that during germination of grass-seeds the cell-membrane

of the endosperm is broken down and destroyed by a specific

cellulose-dissolving enzyme, or cytohydrolyst ; such disintegra-

tion of the cell-wall being a necessary operation, as otherwise

the cell-contents would not readily come under the influence of

the very indiffusible starch and proteid-dissolving enzymes

secreted by a certain layer of cells in the embryo. As it was

found by the author that the analogous starch-hydrolyzing

enzymes of animal saliva and of the pancreatic secretion ex-

periences the same difficulty in traversing the thin cell-mem-
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brane, it appeared almost certain that grain-feeding animals
must possess some provision in their economy for removing,
during digestion, the walls of the starch-cells of the interior of
the grain, in order that the cell-contents may be accessible to

the digestive enzymes of the alimentary canal. This is, how-
ever, found to be not the case. The cell-wa'l is completely
dissolved before the grain food enters the smill intestine, but
the enzyme effecting the dissolution is not secreted by any part
of the animal economy, but is pre existent in the grain before

ingestion. The comparative abundance of the cytohydrolyst in

the various grain foods given to stock is, as will be at once seen,
of great importance, bearing as it does on the relative speed of

digestion. Thus, oats contain a particularly larje proportion of
the cytohydrolyst ; this fact throws considerahle light on the
cause of the high estimation in which oats are held as a food-
stuff.—On the influence of oxygen and concentration on fer-

I

mentation, by A. J. Brown. The author descrbes experiments
on the reproductive power of yeast, from which it appears that
all fermentable nutritive solutions encourage the increase in

number of yeast-cells to some fixed point, be^fond which they
will not reproduce themselves. It is also shown that if a

greater numher of cells he introduced into a fermentable solu-

tion than the liquid could originally develop, no increase in the
number of the cells takes place. As under concitions like these
fermentation still proceeds vigorously, a numter of disturbing
factors which complicate the results obtained under ordinary
conditions may be eliminated by using non-multiplying yeast-
cells. By experimenting with a fixed number of cells, it is found
that the presence of oxygen exercises an accelerating influence
on the speed of fermentation by means of yeast. This fact

seems irreconcilable with Pasteur's theory of fermentation.
The author also finds that the speed of fermentction of sugar is

not dependent on the concentration of the solution, but that, in

solutions containing between 5 and 20 per cent, of dextrose,
approximately the same weight of sugar is fermented in equal
times. When the amount of dextrose in the solution reaches

30 per cent., fermentation proceeds much more slowly.
—Limet-

tin, by W. A. Tilden. Limettin, Cj,Hjo04, is a crystalline
substance deposited from the essential oil of the lime. It forms

very pale yellow, thin prisms which melt at I47°"5. Dilute
solutions exhibit a beautiful violet fluorescence. It yields a
dibromo -

derivative, CuHgBroOj, a tiichloro - compound,
C11H7CI3O4, and a dibromochloro-derivative, CiiH-Br„C104.
Nitric acid converts it into a nitro-derivatire, CiiHy'(N0o)04.
On fusion with potash it yields phloroglucinol and acetic acid.
It seems to have the constitution CeHs(OCH3)2. C.jHOa.—The
acid action of drawing-papers, by c' Beadle. Prof. Hartley
has recently shown that drawing papers possess an acid reaction,
and considers the acidity to be due to sulphuric acid left in the
fibre after the processes of souring and washing in the manu-
facture of the paper. Drawing-papers are sized with gelatin
and .alum, and it is to this latter substance that the author
attributes the acid reaction. The aqueous extract from one of
these papers was found to react acid towards litmus solution, but
basic towards methyl orange. The appaient acidity of the
extract is hence due to the 'presence of a basic sulphate of
alumina.

Geological Society, February 10.—Sir Archibald Geikie,
F.R.S., President, inthechair.—The following communications
were read :—The raised beaches, and "head ''

or rubble drift of
the South of England : their relation to the valley drifts and to
the Glacial period ; and on a late Post-Glacial submergence.
Part I., by Joseph Prestwich, F.R.S. The author remarks
that, besides the subaerial, fluviatile, and marine drifts of
the south of England, there is another drift which is yet
unplaced. This he considers to be connected with the " head

"

overlying the raised beaches. Of these he describes the dis-

tribution, characters, and relations along the south coast. The
"head" overlies the beaches, and frequently overlaps them.
In the beaches large boulders are found, and marine shells, of
which lists for the various localities are given. The "head"
frequently shows rough stratification of finer and coarser
materials. It contains mainmalian bones, land-shells only, and
occasionally flint implements. On the coasts of Devon and
Cornwall it is separated from the raised beaches by old sand-
dunes. In South Wales the beach occurs below the mam-
maliferous cave-deposits, whilst material corresponding to the" head

"
seals up the cave-mouths. The ossiferous breccias of

the caves are therefore intermediate in age between the beaches
and the " head." The origin of the boulders is discussed, and

it is inferred that they have been brought, not from the French

coast, nor from a submerged land, but from a north- eastei-ly

source by floating ice through the Straits of Dover. The
MoUusca of the raised beaches, of which a list of 64 is given, are

closely related to forms living in the neighbouring seas. These
raised beaches are not of the age of the higher valley-gravels ;

but the evidence (especially that yielded by the Somme Valley

deposits) points rather to their connection with the lower

valley-gravels, and therefore, with the exception of the caves,

they represent the latest phase of the Glacial period. After the

reading of the paper, the President thought the Fellows were to

be congratulated that the father of the Society should still con-

tinue to furnish them with such papers as that to which they
had listened—so full of careful observation, ranging over so

wide an area, and raising so many questions of the greatest
interest. They would regret that the author was prevented by
illness from being present that evening, but he hoped that he
would be able to attend when the second part of the paper was

read, and when the full discussion of this wide subject could be
entered upon. Dr. Evans concurred in the advisability of post-

poning the discussion of the paper until the second part had
been read.—The Olenellus zone in theNorth-West Highlands, by
B. N. Peach and J. Home. (Communicated by permission of the

Director-General of the Geological Survey.) In the stratigraphi-
cal portion of this paper brief descriptions are given of certain

sections in the Dundonnell Forest, from eight to ten miles

north-north-east of Loch Maree, which have yielded fragments
of Olenellus. The organisms are embedded in dark blue shales

occurring near the top of the " fucoid beds" and towards the

base of the "
serpulite grit," forming part of the belt of fossili-

ferous strata stretching continuously from Loch EriboU to

Strome Ferry—a distance of ninety miles. In the Dundonnell
Forest the basal quartzites rest with a marked unconformability
on the Torridon Sandstone. There is an unbroken sequence in

certain sections from the base of the quartzites either to the

"serpulite grit" or to the lowest bands of the Durness lime-

stone. At these horizons the strata are truncated by a power-
ful thrust, which, at Loch Nid, brings forward a slice of

Archaean rocks with the Torridon sandstone and basal quartzite.
The strata from the base of the quartzites to the base of the

Durness limestone, exposed in the Dundonnell Forest, are

compared with their prolongations to the north and south of

that region, from which it appears that there is a remarkable

persistence of the various subzones identified in Assynt and at

Loch Eriboll. But between Little Loch Broom and Loch Kishorn
dark blue shales near the top of the "fucoid beds" have been
observed at various localities, evidently occupying the same
horizon as the Olenelhis shales in the Dundonnell Forest. The
serpulites {Salterella) associated with the trilobites in the

"serpulite grit" occur in the basal bands of the overlying lime-

stone
; they were found during last season in the brown dolo-

mitic shales accompanying the Olenelhis sh&Xes in the "fucoid

beds," and they were formerly detected in the third subzone of

the "pipe-rock" in Sutherland. Their appearance on these

horizons leads us to cherish the hope that portions of Olenellus

may yet be met with in certain shales in the quartzites, and

probably in the lowest group of limestone. The evidence now
adduced proves (i) that the "fucoid beds" and "serpulite
grit

"
are of Lower Cambrian age, the underlying quartzites

forming the sandy base of the system ; (2) that the Torridon

Sandstone, which is everywhere separated from the overlying

quartzites by a marked unconformability, is pre-Cambrian.
The Olenelhis which has been discovered is described as a nevi'

species (<9. Lap'worthi) closely allied to O. Thompsoni, Hall,
from which it differs chiefly in the arrangement of the glabella-

furrows, and in the presence of a rudimentary mesial spine at the

posterior margin of the carapace. Remains of other species
referrable to Olenellus are described, but these are too frag-

mentary for exact determination. All are characterized by a

reticulate ornamentation similar to that described by Walcott
in O. [Mesonacis) asaphoides, Emmons. The remains consist

chiefly of portions of carapaces. The reading of this paper was
followed by a discussion, in which Dr. Hicks, Dr. Woodward,
the President, Prof. Lapworth, and Mr. Peach took part.

February 24.—W. H. Hudleston, F.R.S., President, in

the chair.—The following communications were read :
—The

raised beaches, and "head," or rubble-drift, of the South
of England : their relation to the valley-drifts and to the

Glacial period ; and on a late post-Glacial submergence. Part

II., by Joseph Prestwich, F.R.S. The ossiferous deposits
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of the Caves of Gower are shown to be contemporaneous with
the raised sand-dunes between the beaches and the "head,"
and reasons are given for supposing that the elevation of land
which preceded their formation need not necessarily have been

greater than 120 feet. The mammalian fauna of these caves is

the last fauna of the Glacial or post-Glacial period, and the
"head" or rubble-drift marks the closing chapter of Glacial

times. Evidence is given for considering that the "rubble-
drift

"
has a wide inland range, and that to it are to be referred

the "head" of De la Beche, the subaerial detritus of Godwin-
Austen, the angular flint drift of Murchison, and in part the
"trail" of Fisher and the "warp" of Trimmer, as well as

other deposits described by the author. The accumulation is

widespread over the south of England, and occurs in the

Thames Valley, on the Cotteswold Hills, and on the flanks of
the Malverns. The stream-tin detritus of Cornwall and the

ossiferous breccia filling fissures (which must be distinguished
from the ossiferous deposits of the true caves) are held to be

representatives of the "rubble-drift," which is of a variable

character. The author discusses the views of previous writers

on the origin of the accumulations which he classes together as
"

rubble-drift," and points out objections to the various views.
He considers that they were formed on upheaval after a period
of submergence which took place slowly and tolerably uniformly ;

and that the absence of marine remains and sedimentation shows
the submergence to have been short. This submergence cannot
have been less than locxj feet below present sea-level, and was
shortly brought to a termination by a series of intermittent

uplifts, of which the " head "
aff'ords a measure, sufficiently

rapid to produce currents radiating from the higher parts of the

country, causing the spread of the surface-detritus from various
local centres of higher ground. The remains of the land animals
killed during the submergence were swept with this debris into

the hollows and fissures on the surface, and finally over the old
cliffs to the sea- and valley-levels. Simultaneously with this

elevation occurred a marked change of climate, and the tem-

perature approached that of the present day. The formation of
the "head" was followed in immediate succession by the
accumulation of recent alluvial deposits ;

so that the Glacial
times came, geologically speaking, to within a measurable
distance of our own times, the transition being short and almost

abrupt. In this paper only the area in which the evidence is most

complete is described. The author has, however, corroborative
evidence of submergence on the other side of the Channel.—
The Pleistocene deposits of the Sussex coast, and their equiva-
lents in other districts, by Clement Reid. (Communicated by per-
mission of the Director- General of the Geological Survey.) The
gales of last autumn and early winter exposed sections such as

had not before been visible in the Selsey Peninsula. Numerous
large erratic blocks were discovered, sunk in pits in the Brackles-
ham Beds. These erratics included characteristic rocks from
the Isle of Wight. The gravel with erratics is older, not newer
as is commonly stated, than the Selsey

"
mud-deposit

"
with

southern MoUusca. Numerous re-deposited erratics are found
in the mud-deposit, which is divisible into two stages

—a lower,

purely marine, and an upper, or Scrobicularia-mxid., with acorns
and estuarine shells. At West Wittering a fluviatile deposit,
with erratics at its base and stony loam above, is apparently
closely allied to the mud-deposit of Selsey ; it yields numerous
plants, land and fresh-water Mollusca, and mammalian bones,
of which lists are given. The strata between the brick-earth

(= Coombe Rock) and the gravel with large erratics yield
southern plants and animals, and seem to have been laid down
during a mild or interglacial episode. A similar succession is

found in the Thames Valley and in various parts of our eastern
counties. After the reading of these papers there was a dis-

cussion, in which the President, Dr. Evans, Mr. Ussher, Mr. J.
Allen Brown, Prof. Hughes, Dr. Hicks, and others took part.

Linnean Society, February 18.—Prof. Stewart, President,
in the chair.—The President exhibited specimens of Cystoccelia

immaculata, an orthopterous insect from Namaqualand, in

which the female is far more conspicuously coloured than the

male (which is unusual), and the stridulating apparatus of the

male differs in certain important details from that of other

species. A discussion followed on stridulation in insects and
the various modes of producing it, in which Messrs. C. Breeze,
E. M. Holmes, and B. Daydon Jackson took part.

—The Pre-

sident also exhibited some specimens of a Crustacean, Ocypoda
ceratophthalma, and communicated some interesting information

thereon.—A paper by Prof. Groom was then read, on bud-
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protection in Dicotyledons, and, in his unavoidable absence, the
author's views were expounded by Mr. B. Daydon Jackson.

—
Mr. W. T. Thiselton-Dyer, C.M.G., F.R.S., communicated a

paper by Herr Fj Stephani, entitled
" A Revision of Colenso's

New Zealand Hepatica."

Entomological Society, February 24.
—Mr. Frederick Du-

Cane Godman, F. R. S., President, in the chair. The President
referred to the less the Society had recently sustained by the

death of Mr. Henry Walter Bates, F. R.S., who had twice been
its President

; anti he also read a copy of the resolution of sym-
pathy and condolence with Mrs. Bates and her family, in their

bereavement, whjch had been passed by the Council at their

meeting that evehing,
—Mr. Frederick C. Adams exhibited a

monstrous specit|en of Telephorus rusticiis, taken in the New
Forest, in which the left mesotliorac'c leg consisted of three

distinct femora, tibiK, and tarsi, appa ently originating from a

single coxa. He ilso exhibited specimens o{Ledra aurita. —Mr.
G. A. James Rolbney sent for exhibition a series of specimens
of two species of Indian ants {Myrmicaria siihcarinata, Sm.,
and Aphcenogastet [Messor) barbarus, L., va.v. punctalus, Forel)
which had recently been determined for him by Dr. Forel. He
also communicat«d notes on the subject, in which it was stated

that Myrmicari(\ subcarinata, Sm., was not uncommon in

Bengal, and formed its nest by excavating the earth round

trees, and throwing it up m mounds of fine grains. The author

also stated that both sexes of this species swarmed early in the

"rains," from abput July 7 to July 10. Of the -econd species
—

AphcEnogaster batbarus var. pttnc'atus, Forel— Mr. Rothney ob-

served that it, lite the bee. Apis dorsata, seemed to have a great

partiality for the gardens and buildings of the old Mogul Em-

perors in the Noith-VVest Provinces and in the Punjab, the bee

disfiguring the arches and roofs with its huge nests, and the ant

frequenting the gardens and steps.
—The Hon. Walter Roths-

child communicated a paper entitled "On a Little-known

Species of Papido from the Island of Lifu, Loyalty Group."
The paper was illustrated by a beautifully coloured drawing of

the male, variety of the male, female, and under side of the

species.

EoiNIiURGH.

Royal Society, February 15.
—Sir W. Turner, Vice-

President, in the chair.—The Astronomer- Royal for Scotland

read a paper on the new star in the constellation Auriga dis-

covered recently by the Rev. Dr. T. Anderson, of Edmburgh.
Dr. Anderson believes that he first saw the new star on

January 24, but he did not recognize it as new until a few days

later, when it struck him that its right ascension did not agree
with that of 26 Aurigae, for which he had mistaken it. When
the Astronomer-Royal first examined the spectrum in the

beginning of this reonth, its general appearance was that pre-

sented by new stars soon after their first outburst. Since then

the spectrum has gradually become more continuous. Only 'one

of the characteristic nebular lines (F) was present. Two other

lines nearly coincide with characteristic nebular lines ; but one

has too great, the other too small, refrangibility, so that the

displacement cannct be due to motion of the star, even if it had

not been (as it is)
too great a displacement to admit of

probable explanation in this way. The brightness of the star

increased gradually after its first observation, then decreased

more rapidly, and finally became nearly steady. The bright-

ness of new stars usually increases rapidly at first, and finally

diminishes gradually to zero. The general phenomena pre-

sented in the present case resemble those of a variable star,

such as R Andromedae or R Cygni, rather than those of

a new star which rapidly burns out.—Sir W. Turner read a

paper on the lesser rorqual {Balcenoptera rostrata) in the

Scottish seas. After giving a brief account of the occurrence of

this whale in Scottish seas, Sir W, Turner proceeded to discuss

the specimen which was captured near Granton, in the Firth of

Forth, in 1888. The lesser rorqual is characterized externally

by a dorsal fin, by a large white patch on the front aspect of

each flipper, and by great apparent distension anteriorly on the

ventral aspect, the distension being prolonged to the extreme

anterior end. The whalebone is also characteristic, the ex-

tremities of the plates being broken up into thin fibres. The
author points out a distinction between whales belonging to the

dolphin class and other whales, in respect of the stomach. In

the former the first compartment of the stomach does not fulfil a

digestive function ; in the latter all the compartments have a

digestive function. The number of compartments varies from
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four in the porpoise to fourteen in Sowerty's whale. The
stomach of the lessser rorqual has five comptrtments, the first

of which has not a digestive function, so that in this respect it

resembles the dolphin's. The third compartnrent is very small,
its existence being indicated externally oily by a faintly
marked line on the surface of what seems to )e the third, but is

really the fourth. The size of the openings connecting the

various compartments diminishes rapidly fron the anterior to

the posterior end.—Prof Tait read a pape on the relation

between kinetic energy and temperature in liquids. He
showed how, by considering (in the usua pressure-volume

diagram) a Carnot's cycle formed by the horzontal part of an
isothermal below the critical temperature, the lines of constant

volume passing through the extremities of hat part, and the

portion of the critical isothermal interceptd between these

lines, we can calculate the difference betveen the average
specific heats of the liquid and the vapour :t constant volume

throughout the given range of temperature n terms of known
quantities, the vapour, of course, starting fron the condition of

saturation at the lower temperature. In t'.is cycle the sub-

stance is—except when in the state cornsponding to the

horizontal part of the lower isothermal—eithe entirely liquid or

entirely vapour. In the case of carbonic acd, it appears that

the average specific heat at constant vdume throughout
a given range is greater in the liquid ondition than in

the state of vapour. In the liquid stce (judging from

Amagat's results) the average at constant volume seems to

be about equal to the specific heat of the apour at constant

pressure. He gave also a number of themal details about

COo, mainly based on Amagat's experinents. These in-

cluded the latent heat of the vapour which taking the volume
of I pound of C02ato°C. and i atmosphce as 8 cubic feet)
was shown to fall from 53 units at o'^ C. to 178 at 30° C.

Dublin.

Royal Society, February 17.—The Righi Hon. the Earl of

Rosse, F. R. S., President, in the chair.—Not< on the basal con-

glomerate of Howth, by Prof W. J. Sollas, F.R.S. The author
discussed the characters of these lowest-lying deposits of the Hill
of Howth, and stated that he could find nD evdence for the vol-

canic origin attributed to them by Sir A. GeiMe : they had been
formed in more than one way ; a considerable part arose from
the dislocation, fracture, and crushing of thi Cambrian slates
and quartzites in situ, the broken fragments being subsequently
rounded by intratelluric flow ; but some appeared to be true

conglomerates, which had been powerfilly affected by crust
movements. This is only what one niijht expect when one
considered that from the higher beds of Bray there was an in-

crea^^ed development of arenaceous materal downwards into the
lower beds of Howth : the approximatioi to a shore indicated

by the frequency of sandy shoals, leads it length to an actual

beach, indicated by the basal conglomentes.—The variolite of

Annalong, Co. Down, by Prof. Grenvile A. J. Cole. This
rock occurs as a dyke north of Annalong, exposed above low
water for about 80 feet, and 4 feet wide. The mass consisted,
at the time of its consolidation, of spherultic tachylyte through-
out, being a very remarkable developmeit of basic glass, and
probably the crest of an olivine-basalt dykt The extreme edges
still retain their glassy character. In the hterior of the devitri-
fied mass the spherulites are i cm. in diimeter. This is the
second recorded occurrence of variolite in the British Isles : a

specimen, correctly named, and collected ty the Irish Ordnance
Survey some fifty years ago, led to the aithor's search for the
rock on the coast of the Co. Down.—Mr. ]. Joly read a paper
entitled " On a Speculation as to a pre-Material Condition of the
Universe." :

Oxford. '

University Junior Scientific Club, February 17.—Mr.
J. A. Gardner, of Magdalen College, President, in the chair.—
Mr. F. R. L. Wilson, Keble College, exhibited some Telugu
Palmyra-leaf manuscripts from the north-east of the Madras
Presidency.—Mr. H. H. G. Knapp, Non-Coil., read a paper
on muscular fatigue. A discussion followed, in which various
members took part.—A paper was read by Mr. R. E. Hughes,
Jesus College, on the nature of solution. A lengthy discussion
followed this paper.

Cambridge.

Philosophical Society, February 8.—Prof. Darwin, Presi-

dent, in the chair.—The following communications were made :
—
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On long rotating circular cylinders, by C. Chree, Fellow of

King's College. A solution is found for a long cylinder of

isotropic elastic material, with its cross-section bounded by a
circle or by two concentric circles, rotating with uniform velocity
about its axis. The solution is not exact, save when Poisson's

ratio is zero, but is approximate in the same way as Saint-

Venant's solution for beams. Formulje are given on which are
based tables showing the shortening of the cylinder and the

increase in its radius or radii under rotation. Formulae are also

found for the limiting safe speeds according to the stress-

difference and greatest strain theories, and these are compared
with the formulae arrived at by Prof. Greenhill on his theory
of instability. The results appear to be of considerable practical

importance.
—On the theory of contact and thermo-electricity,

by J. Parker, St. John's College. The phenomena are deduced

by analytical thermodynamics solely from expressions for the

energy and entropy functions of the system. These are of the

most general type, in that they include all kinds of terms that

are formally possible, the coefficients of these terms being the

measures of physical properties of the system which may or may
not have an actual existence. Thus there will occur terms which

indicate, after Helmholtz, affinity between electricity and dif-

ferent kinds of matter. The results are just sufficiently wide to

include the known facts of thermo-electricity. Considerations
of a cognate kind have been treated by Lorentz, Duhem, and
Planck.

February 22.—Prof. Darwin, President, in the chair.—The
following communications were made :

—
Preliminary notes of

some observations on the anatomy and habits of Akyonium, by
S. J. Hickson. Between the ccelentera of Akyonium there is a

dense, transparent gelatinous mesogloea. This is penetrated (
i

) by
endodermal cords connected with the endoderm of the ccelentera,

and (2) a plexus of very fine nerve (?) fibrils connected with

a number of very small uni-, bi-, or tripolar ganglion cells.

The endodermal cords are not hollow canals, as they are usually

described, and all attempts to inject them failed. At the

periphery these endodermal cords come into contact with ecto-

dermal invagination at places between the old polypes, and

give rise to the buds. When the young buds have nearly de-

veloped all the characters of the older polypes, canals are formed
which communicate with the ccelentera. The plexus of fine

nerve fibrils can only be made out in fresh specimens stained

with osmic acid. It could not be traced in the peripheral parts
of the colony in consequence of the great quantity of the cal-

careous spicules in this region. Some experiments were made
to determine whether in these animals the expansions and con-

tractions of the polypes occur rhythmically. During the first

two or three days after Akyonium is placed in the tank it con-

tracts completely with tolerable regularity twice in every twenty-
four hours. After that time it either remains expanded or con-

tracts irregularly. Of six Akyoniums that were placed in a

tank with an artificial tide that rose and fell every twelve hours,

only three unfortunately survived for more than a fortnight, and
these contracted with tolerable regularity once in twenty-four hours.

These experiments seem to prove that Akyonium contracts nor-

mally twice in every twenty-four hours, and that the rhythm of

these contractions continues for some time after it is removed from

the action of the tides, and that a new rhythm may be induced

by subjecting them to the action of an artificial tide of a different

period.
—On the action of lymph in producing intravascular

clotting, by Dr. L. E. Shore. The sudden injection into the

vascular system of a rabbit of a small quantity (4 c.c. to 15 c.c. )

of lymph drawn from the thoracic duct of a dog causes death

with more or less complete intravascular clotting. The lymph
loses this property after it has itself clotted. The injection of

even large quantities of lymph-serum produces no such effect.

Proteid bodies in the apparently normal lymph to which the

power is due have been isolated.—On the fever produced by
injection of Vibrio Metschnikovi, by E. H. Hankin and A. A.
Kanthack.—On the method of fertilization in Ixora, by J. C.

Willis. The flowers are massed together and thus rendered

conspicuous. Honey is secreted by a nectary upon the disk,

and protected by the length (3-4 cm.) and narrowness of the

tube. The mechanism resembles that of Campanula. The
anthers dehisce in the bud, covering the style, whose stigmas
are closed up with pollen. The stamens bend away when the

flower opens, nnd the style presents the pollen to insects.

Later the stigmas separate, but never bend back so far as to

effect autogamy. In /. Westii autogamy occurs in the bud, but

the flower appears to be self-sterile.
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Paris.

Academy of Sciences, February 29.
—M. d'Abbadie in the

chair. —On a differential equation relating to the calculation of

perturbations, by M. F. Tisserand.—On the storm of June 8,

1891, in the Department of Lot-et-Garonne, by M. Faye. The
account given in this paper of the circular movements of winds

and descending currents supports M. Faye's theory of cyclones.—On the order of appearance of the vessels in the flowers of

Taraxacum dens leonis, by M. A. Trecul.—Researches on

monohalogen and monocyanogen derivatives of ethyl aceto-

acetate, by MM. A. Haller and A. Held.—Influence of the

intra-renal tension on the functions of the liver, by M. Felix

Guyon.—On the fundamentals of geometry, by M. Sophus
Lie.—Remarks on the subject of' the last communication

by M. Gouy, on the superficial tension of liquid metals, by
M. H. Pellat.—On some diffraction experiments, by M. Hur-

muzescu.—On the polarization of the atmosphere by the light

of the moon, by M. N. Piltschikoff. A series of observations

made by means of a polarimeter shows that the proportion of

polarized light in the sky at night diminishes in a continuous

manner from the time of full moon, when a maximum is at-

tained, to new moon, when it reaches zero ; it afterwards

increases from new moon to full moon.—On the temper-
atures of certain industrial furnaces, by M. H. le Chatelier.

Measurements of certain high temperatures by the method

recently communicated to the Academy have led to re-

sults not in accord with previous estimations. — Stereo-

chemistry and the laws of rotatory power, by M. Ph. A. Guye.
A reply to the notes on this subject by M. Colson.— A series of

new compounds : chromosulphuric acid and the metallic chromo-

sulphates, by M. A. Recoura. (See Note?.)—Researches on
the application of the measurement of rotatory power to the de-

termination of the combinations formed by aqueous solutions of

perseite with the acid molybdates of sodium and ammonium, by
M. D. Gernez.—Action of soda and potassium cyanide on

chlorodiamylamine, by M. A. Berg.—Metaphenyltoluene, by
M. G. Perrier.—On the presence of mannite and sorbite in the

fruits of the laurel cherry, by MM. Camille Vincent and Dela-

chanal. The authors find these two alcohols present in equal

proportions in the fruits of the laurel cherry.
—The heats of

formation of potassium carballylates, by M. G. Massol. The

quantities of heal disengaged by the successive combination of

three molecules of potash with one molecule of carballylic acid

decrease progressively. The mean heat of combination is

superior to that of the monobasic acids. These results are the

same as those obtained for simple organic bibasic acids.—Note
on the density of textiles, by M. de Chardonnet.—The detection

of oil of resin in turpentine, by M. Zune.—Comparative nitri-

fication of humus and unaltered organic matter, and the influence

of the proportion of nitrogen in the humus upon the nitrification,

by M. B. Richard.—On the medical utilization of alternating
currents of high potential, by MM. G. Gautier and J. Larat. The
authors have reduced an electromotive force of 2000 volts, by means
of transformers, to a voltage suitable for medical purposes, and
have experimented on several patients to determine the influence

of alternating currents on nutrition.—On the composition of

haemocyanin, by M. A. B. Griffiths. The results of analyses
are represented by the formula C867HJ363N2.13CUS4O258.

—Pto-

maines in some infectious disorders, by M. A. B, Griffiths.—
The Molle, a disease of the Champignons de Couche, by MM.
Costantin and Dufour.—Spring and autumn woods, by M.
Emile Mer.—On fecundation in cases of polyembryony, by
M. G. Chauveaud.—On the action of the nucleole on the tur-

gescence of the cell, by M. Ch. Decagny.—On the regimen of

subterranean waters in the Upper Sahara of the province of

Algiers, between Laghouat and El Golea, by M. Georges
Rolland.

Berlin.

Physical Society, February 12.—Prof. Kundt, President,
in the chair.—Dr. Kalischer showed how, without using
Kirchofl's law, the distribution of currents in a system of linear

conductors may be calculated in a very simple manner by

employing the once much-used but recently neglected principle
of the superposition of currents.—Dr. E. Budde gave an exact

definition of "temperature" on the basis of mathematical

deductions and of physical considerations.

Physiological Society, February 19.
—Prof. Munk, Presi-

dent, in the chair.—Dr. Katzenstein has satisfied himself, on
the basis of careful anatomical and physiological investigation,
that the crico-thyroid muscle is innervated by the inferior

laryngeal nerve, a conclusion also arrived at by Prof. Zuntz.

Physical Society, February 26.—Prof. Kundt, President,
in the chair.—Pro'. Neesen gave an account of measurements
of latent heats jf evaporation which he had determined

by means of a condensation-calorimeter. In these experiments
a small quantity o' the fluid under investigation was allowed to

evaporate in vacm for one or two minutes while resting on the

surface of mercur,^ in such a way as not to be in contact with
the walls of the ontaining vessel. Pure water gave a latent

heat of evaporaton which corresponded closely with that

obtained by Regniult. Dilute solution of sodium chloride (one
molecule of the sat per litre of water) gave a result which was

nearly the same as for water, but slightly greater. As the per-

centage of salt in lolution was increased (up to four molecules

per litre) the laten heat of evaporation rapidly diminished. A
series of alcohols have similarly been examined, but the values

for these not yet a:curately determined. It was found that in

general the latent lieat of evaporation is greater during rapid
than during slow e/aporation. The condensation of the vapours
on the walls of the vacuous space was recorded by the move-
ment of the calcimeter scale.—Dr. Thiesen spoke on the

properties of perfct dioptric systems, as based upon certain

mathematical ded.ctions, and on the construction of systems
with any given proerties.
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MAN IN NA TURE.

L'Hom7ne dans la Nature. Par Paul Topinard. (Paris ;

Baillifereet Cie., 1891.)

IT
is with much pleasure that we announce the appear-
ance of a new work from the pen of Dr. Paul

Topinard, formerly General Secretary of the Anthropo-

logical Society of Paris, and Professor in the Ecole

d'Anthropologie. Dr. Topinard is well known in this

country as one of the most eminent, if not the most

eminent, physical anthropologist in France at the present

day, and it is with much regret that anthropologists here

have observed the shameful way he has been treated by
a faction of the Anthropological Society of Paris, who
have done their best to diminish his usefulness and retard

the advancement of true anthropological science in Paris.

Notwithstanding the troubles and anxieties he has gone
through—to which we would not have alluded here had

they not been public property, and discussed in French
scientific journals

—it is gratifying to find that Dr.

Topinard has pursued the even tenor of his way, and been
able to enrich anthropological science by another of his

valuable works, forming the seventy-third volume of the
" International Scientific Series."

The work under review is divided into twenty-two

chapters. The first contains, in addition to a statement
of the scope of the book, a short but interesting his-

tory of the development of anthropological science. In

the second chapter, its nature, its proper limits, and its

relation to biology, ethnology, psychology, and sociology,
are pointed out. The term "

anthropology
"

is restricted

to the study of man as an animal and a member of a

group in the zoological series, in conformity with the

acceptation in which it is used by Blumenbach, Broca,

Ouatrefages, and others. In the third chapter, the various

subjects of study included in anthropology, as above re-

stricted, are set forth, and the general principles of zoology
on which the distribution of animals in groups of different

values rests, the choice of characters on which they are

founded, and the differences between race, species, family,
and order are indicated.

The methods employed in anthropological research are

considered in the fifth chapter. These may be briefly
stated as descriptive and anthropometric. As descriptive
terms are liable to vary very considerably according to

the ideas of different observers, their value has hitherto

been much less definite than characters based upon
measurement. For some time past the author has been

endeavouring to elaborate a system of observation which
will render descriptive characters more uniform and

trustworthy than heretofore. Having had some practical

experience of the plan advocated by Dr. Topinard, we
may state that we have been favourably impressed with

it, not only for producing more uniform results, but also

for saving labour to the observer, facilitating the analyses
of observations, and for classifying the latter according to

their type.

The character ot the hair is dealt with in the sixth

chapter. The hair is shown to furnish us with characters
which are of importance not only in distinguishing races,
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but also in comparing man with the animals most nearly
allied to him. The author shows that, in respect to their

hair, the negro races differ most from the monkeys, while

the white races most nearly resemble them, the yellow
races being intermediate. In the straight-haired races

the hair corresponding to the long coarse outer fur of

mammals displaces the woolly hair—the homologue of

the woolly under-fur ;
while in the woolly-haired races the

reverse takes place. These characters of the hair would

have formed an impassable gulf between the yellow and

negro races had not some intermediate forms fortunately
been left. The abundant generalization of fur as lanugo
in the foetus would go to prove that man descended from

a furred progenitor.
The value of statistical maps is discussed in the seventh

chapter, and as an example of their use in tracing race-

characters, the distribution of the blonde and dark types
in France has been taken and illustrated. It is shown,

however, that the combination of the descriptive and

anthropometric methods gives the most trustworthy
results in determining the natural types of man. The
latter method is discussed in chapter viii., and the use of

indices, projections, seriations, graphic curves, averages,

&:., are also explained.
The ninth chapter deals with measurements of the skele-

ton and the living body, and how these should be made by
travellers and others. The directions given for the mea-
surement of the long bones by ascertaining their maximum
length is undoubtedly the best method. The proportions
which these bones bear to the height of the skeleton (the

latter being taken as 100) he gives as follows : humerus

200, radius I4'3, femur 27*3, tibia 221. To get the

stature of the subject when alive, he adds 35 mm. to the

height of the skeleton obtained from the detached bones

by the above formula. The proportions just mentioned

correspond very closely to those of the second series of

French skeletons given in the " Elements d'Anthropo-

logie," and also with Rollet's important observations.

Our own observations on subjects which have been care-

fully measured before dissection, go to support those ot

Rollet, and to show that the formulae above given in-

dicate the actual stature as nearly as possible, without

adding 35 mm., as Dr. Topinard does. This is probably
due to difference in mounting the skeletons—a fertile

source of error. We are of the opinion that where it is

not possible to get measurements of subjects before dis-

section in sufficient numbers to establish the formula for

the race, it is more trustworthy to do so from the mean
stature of the living, than from the height of articulated

skeletons. The directions given for measuring the

living body and tabulating its descriptive characters,
are specially arranged for the purpose of encouraging
travellers to undertake anthropometric observations. A
model schedule of observations is given, arranged so that

the various questions may be answered by a figure or a

measurement, which should prove valuable to travellers.

The system of measuring the body aimed at in it is to

obtain the relative proportions of the several parts, rather

than absolute anatomical dimensions
;
in other words, the

author's idea is that it is better that travellers who are

not anthropologists, and consequently not trained to

anthropological research, should confine their attention

to obtaining such measurements as will enable the canon

X
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of proportion of the several parts of the body to be made

out, and compared in different races to that which obtains

in Europeans, rather than attempt to do work which re-

quires previous anatomical knowledge. The measure-

ments are divided into two classes, according to their

importance, but all of them are such as any intelligent

traveller, with a little practice, should be able to make
with accuracy.

Chapters x. and xi. are devoted to the study of the i

skull and the head of the living subject. A list of the
j

chief measurements of the skull which the author re-
\

commends is given. These are to our mind much more
|

satisfactory than any previous list he has produced, and

will, we feel certain, be hailed with pleasure by anthropo-

logists in this country, as being quite in accord with

their ideas of what the essential measurements of the

skull are. This list also agrees more nearly with the

measurements used by our fellow-workers in Germany
and Austria ; indeed, we might even go so far as to say

that when an international system of measuring the skull

s arrived at (a time which we hope is not far distant), the

difference between it and that now propounded by Dr.

Topinard will be slight. The most important measure-

ments of the living head, he considers, are those of the

nose, and next to them the diameters of the head. As
an example of what may be learned from a single cranio-

metric character when systematically studied, the cephalic
index is selected, and he alludes with satisfaction to the

international agreement recently arrived at regarding the

measurements from which it is obtained and its divisions,

and shows that it is a character of the first importance
for distinguishing types of races.

Having thus prepared the way, he next discusses the

connection between man and the animals which approach
nearest to him, the distance which separates them, and
the relative place which man occupies amongst them.

This naturally leads him to the consideration of the

characters and descriptive morphology of the Primates.

As the subject is a very wide one, he has restricted his

investigation to a comparative study of the brain and the

skeleton. Chapters xiii. and xiv. are occupied with the

evolution of the brain in the vertebrate series, the form and
volume of that organ, and the arrangement of its convolu-

tions. The mechanism of the evolutionary transformation

of the cranium of the animal into that of man is traced

in the fifteenth chapter, and the craniometric characters

connected with this transformation are dealt with in the

succeeding chapter. The characters of the head, the

vertebral column, the thorax and pelvis connected with

the quadrupedal and bipedal attitude, are discussed in

the seventeenth chapter, and those relating to the

attitude of the body and the function of prehension in

the eighteenth.

The nineteenth chapter is devoted to the zoometric

characters related to the adaptations of the limbs for pre-
hension and locomotion ; the muscular and visceral

characters connected with attitude are also discussed

shortly. Other characters distinctive of man, the anthro-

poids, and the monkeys, in the vertebrae, the sacrum,
mandible, teeth, liver, &c., are pointed out in the twentieth

chapter. Retrogressive anomalies, or the accidental

appearance in man and other animals of morphological

arrangements foreign to the type, but resembling those
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which occur normally in some other type of animal ;

rudimentary organs, absolutely useless to man, but which
are more or less developed in other animals ; and pro-

gressive anomalies, are the subject of the twenty-first

chapter.

The author concludes his task by devoting the last

chapter to a rhume of the previous chapters. He classifies

the Primates as follows :
—

1st Suborder—Man.

1^

1st family, Anthropoids.

and Sub-order-The Monkeys -;f,^
"

J^ithecid.-e.'
3rd ,, Cebidse.

(,4th ,, Arclopitbecidte.
3rd Sub-order—The Lemurs.

Supposing the distance between the Cebidie and the Pithe-

cidse to be i, that between the latter and the Anthropoids
would also be i, while the distance between the Anthro-

poids alone, or in conjunction with the other two

families, on the one hand, and man on the other, would
be represented by 3 ; the same figure would also repre-
sent the distance of the lemurs from the monkeys. We
note that Dr. Topinard includes Galeopithecus among
the lemurs, although this genus is now accepted by
zoologists as belonging to the Insectivora, but this slight
error is immaterial.

The important subject of the relationship and descent

of man is dealt with more briefly than we could have
wished. He shows that man cannot be descended
from an Anthropoid, which is essentially a perfected
and specialized monkey, and that we must look to a

lower source for the origin of the human stem, to one
where more generahzed conditions obtained

; indeed, to

a type sufficiently far back in time and low down in the

animal series as to be the progenitor of the monkeys and
man. The beginning of the Miocene period is pointed out

as a very remarkable one in-the history of the world, during
which many of the initial types of our existing genera were

formed, and amongst others the first monkey succeeding
the lemurs of the preceding Eocene period. It is during
this epoch that we must seek for the stem proper of man,
and that common to the monkeys, or to both of these sub-

orders. According to Cope, man has descended directly

from the lemurs, without passing by way of the monkeys
and Anthropoids, the lemurs themselves coming through
the Marsupials. Beyond this the genealogy of man is

merged with that of the Mammalia, of which the first

representatives existed as far back as the Trias.

Regarding the question of the unity or plurality of origin

of man the author has not very much to say, and although
he has reasoned on the assumption of the monophyletic

hypothesis of the human species throughout the work—
that is to say, that man has originated from a single stem

—
he considers that there is not sufficient evidence to show

clearly one way or other whether this is the case, or that

man has a double stem of origin developed during one

epoch, or at two epochs separated from one another by a

considerable interval of time. This question has yet to

be definitely solved with respect to the monkeys, not-

withstanding the fact that some American zoologists

have shown that the monkeys of the New World have

not the same origin as those of the Old World, which, if

substantiated, would support the argument of a double

cradle of origin for man—namely, according to the
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author, one common to Asia and America, the other,

-situated in some southern continent uniting Africa and

Oceania, for the negro.

Whatever the origin of man may have been, the

author shows that two periods must be recognized in his

history, one before the acquisition of language, which

relates to his precursor, and the other after that, during
which man properly so-called was constituted.

The author sums up respecting man, the Anthropoids,
and the monkeys, by comparing the order of the Primates

to a tree. The lemurs are the roots, and give rise to

one or several stems. One of these is the stem of the

monkeys, a branch of which sends out a bough more
elevated than the others—namely, that of the Anthro-

poids. Another, of which the point of origin or of contact

with the former has yet to be discovered, gives off the

human branch, which grows up parallel with that of

the Anthropoids, but without relation to it, and shoots

beyond it.

The book concludes with a few words on the question
of whether or not man has attained his perfection. The
author's idea is that the volume of the brain cannot

increase much more, though it is possible for the anterior

lobes to become larger. One thing he thinks is certain,

that dolichocephaly will be replaced by universal brachy-

cephaly. Although the brain has probably attained its

limits in respect to size, the limits to which the quality of

its cells may improve are, as far as can be seen, uncircum-

scribed, and in this direction man may yet hope to

attain to still higher perfection by the development of

his intellectual faculties.

From the critical sketch we have given, it will be seen

that the book is an important addition to anthropological
literature. Not only will it be useful to anthropologists,
but also to general readers who desire to obtain an

insight into anthropology and to follow what is being
•done in that science. As an exposition of the subject,

we have no hesitation in stating that it is a work of much

merit, and worthy of the high reputation of its author.

There remains yet the duty to be performed by the pub-

lishers, of putting it within the reach of a much wider

range of ffeaders than it is accessible to in its present

form, by the publication at an early date of the English
edition. J. G. G.

FURNITURE WOODS.
The Art and Craft of Cabinet-making. By D. Denning.
(London : Whittaker and Co., 1891.)

'T*HIS neat little volume purports to be "a practical
-L hand-book to the construction of cabinet furniture,

the use of tools, formation of joints, hints on designing
and setting out work, veneering, &c., together with a
review of the development of furniture." It is well

planned, and written in a pleasing and simple style, and

appears admirably adapted for its purpose in general.
There is one drawback to this book, common to all

works of its kind, and that is the meagre information

given in the section dealing with the various kinds of

woods employed. These woods are mahogany, cedar,

oak, walnut, ash, rosewood, birch, beech, satinwood,

pine, and a few others. The author argues that the
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amateur requires no information at all—or practically
none—about these woods, but recommends him to trust a

respectable dealer. We venture to remark that both the

dealer and the amateur stand in need of, and would have
been much interested in, a good description of these

various woods.

It would at least have been worth mention that the

word mahogany, like most trade names of the kind, may
refer to very different woods : thus the Cuban or Spanish

mahogany {Swietenia Mahogani, L.) is a very different

wood from the mahogany of India {Cedrela Tooiia,

Roxb.), which goes more commonly, perhaps, under the

name of cedar (Moulmein cedar), another fallacious appel-

lation, since it has nothing in common with the cedar of

the botanist {Cednts), or the pencil cedar of commerce,
which is a Juniper, while it is closely allied to the
'' Cuban cedar," also known as Honduras and as Mexican
cedar {Ccdrcla odorata, L.). The author is partially alive

to this, as his remarks on p. 42 show
; but we think he

might have put the whole matter in a much clearer light

by giving good descriptions of these very different woods.

The African mahogany, from Sierra Leone, is a different

wood again.

Under oak, the author, as elsewhere, begs the whole

question by the remark,
"
Oak, like mahogany, is

too well known to require any minute description.''

Possibly so—it all depends on the meaning of the

word " minute "
; but we think that such a work as this

would bs very much more useful if a description of

the general distinctive characters of oak" were given, and
that the reader is entitled to expect such a description.
He mentions that several kinds of oak are in the market,
but this kind of thing only confuses, instead of helps, the

reader.

Then, again, what does the author mean by "rose-

wood".'' The rosewoods of \nd.\2i—Dalbergia latifolia

(Roxb.) and Pterocarpus indictis (Willd.)
—are by no

means the only timbers which come into this country
under that name, and the author might have done much
more than merely remark that,

" so far as mere appear-
ance is concerned, there is not much difference between

the various kinds."

We think that the author has missed an opportunity of

compiling what is very much needed in this country, a

concise and practical chapter on the distinctive characters

of the various cabinet woods, on the lines, for instance,

sketched in Marshall Ward's little manual on "
Timbers,

and some of their Diseases." The expectation that

something of the kind might have been attempted is

the fairer, since the author, in this very chapter on
" furniture woods," goes out of his way to reinstruct

amateurs in the use of the multiplication table and super-
ficial measurements, which "

may have been forgotten
since their school days."
The statement on p. 57 that wood does not contract in

length requires modification
;
and some of the remarks

on warping and shrinking would be more intelligible to a

reader who understood something of the structure of his

woods.

The illustrations are numerous, and, on the whole, good
and decidedly useful

;
and in spite of the omissions we

point out, we think the book admirably adapted in many
respects for the amateur's shelves.



460 NATURE [March 17, 1892

OUR BOOK SHELF.
UElectricite dans la Nature. Par Georges Dary.

"
Biblioth&que Internationale de rElectricitd et de ses

Applications." (Paris: Georges Carre, 1892.)

A POPULAR and accurate account of the various forms
and ways in which electricity appears in Nature is sure

to find a great many readers, for the subject is most in-

teresting. Everyone should become acquainted with at

any rate some of the most ordinary electrical pheno-
mena of every-day life, even if he should learn no more
than the cause of a flash of lightning and the sub-

sequent peal of thunder. In this volume the author has

brought together accounts of many interesting phenomena
that have been observed from time to time, with the

hypotheses that have been put forward to explain them.
The subject is divided into seven parts or chapters. The
first relates to the origin, presence, and distribution of

electricity in our atmosphere, and also to cosmical elec-

tricity, in which the influence of solar spots on atmo-

spheric electricity and the electrical nature of comets
and nebulae are mentioned. There are also descriptions
of various conductors and electrometers, the principles
of each being brought out clearly. Chapter ii. deals with
storms. The author in this part has collected many
typical examples which represent various classes of
storms. After reference to the formation, height, and
constitution of storm-clouds, and the variation and dis-

tribution of the storms themselves on the earth's surface,
he describes the various forms in which lightning has
been observed. Very curious effects, both on men and
trees, are recorded to have taken place. An interest-

ing instance here given relates to a flash of lightning
that, having struck one tree and travelled down its trunk

spiral fashion, suddenly leapt across to another one close

by, and went to earth, the spiral curve being continued
on this second tree. Chapter iii. contains some useful

information relating to lightning-conductors, in which a
brief historical summary is given : many kinds that have
been or are now in use are described, with accounts
of their action, verification, and efficiency. In the next
two chapters, hail-storms, waterspouts, tornadoes, and
cyclones are dealt with, while earthquakes and auroras
form the subjects of the concluding chapters.

In the above summary of the contents of this volume
there is much to which we should have liked to refer,
but the reader at any rate will be able to form a general
idea of the range of subjects treated of in these four
hundred pages.

Besides being interesting, the book will form a useful
volume to many readers, for its value is very much in-

creased by the great number of references inserted.

The First Book of Euclid''s Elements. By the Rev.

J. B. Lock, M.A. (London : Macmillan and Co.,

1892.)

Now that the concession has been made by the Uni-

versity of Cambridge of allowing in all her public
examinations any sound proof of the propositions of
Euclid provided that their logical sequence remains
unaltered, teachers of geometry will have a far freer

scope ; since they are no longer bound by any hard
and fast rule. The present work, by a writer familiar
to our readers, will be read with interest, for the arrange-
ment of the text has undergone somewhat of a change
from the sequence usually followed. With regard
to the order of the propositions, it will be noticed
that the theorems are separated from the problems.
This seems to be advantageous, for after all there
is a fundamental difference between theorems and
problems : as the author says, a theorem is a geo-
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metrical truth based on fundamental ideas and defini-

tions of geometry, while problems entirely depend on

postulates which are practically impossible,
The definitions have also received great attention,

and are here thoroughly and clearly explained ;
in two

cases, that of the
"
straight line" and "

angle," the author
has thought fit to make a slight divergence from the

customary definitions. Accompanying the propositions
are numerous exercises, while interpolated occasionally
are many worked out examples.

Altogether, the book is one that should be in the
hands of teachers, and is worthy of being well tested by
them in their classes. W.

The IIford Mantcal of Photography. By C. H.

Bothamley. (London : The Britannia Works Co.,

Ltd., 1892.)

This manual, which has been compiled at the request
of the Britannia Works Company, will be found by our

photographic readers to be both well written and useful,

containing as it does all information generally needed by
amateurs. It is not a complete treatise on the subject,
but is intended to aid those who are indulging in the
various applications of this art at the present day from a

thoroughly practical point of view. The first few chapters
are devoted to the description of the apparatus, deve-

loping manipulations, faults in negatives, and various

printing processes, all of which are well treated ; we
then come to the method of making enlargements,
mounting and framing, lantern slides and transpar-
encies. The concluding chapters are of special interest,

consisting of portraiture, copying, photographing of

objects in motion, orthochromatic photography, and

photography by artificial light.

Preceding the appendix are tables of English and
French weights and measures, while the appendix itself

contains some formulae and reprints from one or two

photographic journals. Besides an account of the Ilford

universal hydroquinone developer, there are papers by
Mr. John Howson,onthe

"
Printing Paper of the Future,"

"Lantern Plates," together with the best methods of

cutting up printing-out paper.
A most useful table presents a list of dealers and

dark rooms situated all over the world, ranging from
modest dealers in Bettws-y-Coed and Leighton-Buzzard
to those in South Africa, New Zealand, and Japan.
From this table, it can be at once ascertained whether,
at a certain place, Ilford plates or paper, chemicals
or apparatus, are kept in stock ;

whether amateurs
can receive help or get work done for them, such as

printing, mounting, &c. ; or whether a dark room is

obtainable or not. This list, when thoroughly completed,
and other first-class firms included, will be invaluable

for tourists on the Continent, while at present it should
be used very largely by those travelling in this country.

W.

The Advanced Class-Book of Modern Geography. By
William Hughes and J. Francon Williams. (London :

George PhiHp and Son, 1892.)

It is impossible not to have some pity for the unfortu-

nate boys and girls who will have to learn geography
from this gigantic

" class-book." It consists of more
than 800 closely-printed pages, the very appearance of

which would suffice to discourage most young students.

Geography is one of those subjects in the learning of

which very much more depends on the teacher than on
the text-book ;

and a good teacher would have no desire

to see so elaborate a work as this in the hands even of

"advanced" pupils. The information, so far as we have
been able to examine it, is accurate

;
but it is not, as a

rule, presented in a way that would be likely to excite

interest or curiosity.
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LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the luriters of, rejected

manuscripts intendedfor this or any other part of 'iiiXTVV.Y..

No notice is taken of anonymous communications.']

Carpenter on Eozoon.

The scientific world is deeply indebted to Dr. Dallinger for

Lis excellent new edition of Carpenter's invaluable work on the

microscope, and among other things for his retaining unchanged
the description of Eozoon canadense, as a monument of an im-

portant research up to a certain date.

Dr. Carpenter devoted much time to the study of Eozoon, and

brought to bear on it his great experience of foraminiferal forms,
and his wonderful powers of manipulating and unravelling diffi-

cult structures. After having spent years in studying microscopic
slices of Eozoon and the limestones in which it occurs, I have

ever felt new astonishment when I saw the manner in which, by
various processes of slicing and etching, and by dexterous

management of light, he could bring out the structure of

specimens often very imperfect. Not long before Dr. Carpenter's
death I had an opportunity to appreciate this in spending a few

days with him in studying his more recently acquired specimens,
some of them from my own collections, and discussing the

new points which they exhibited, and which unhappily he did

not live to publish. Some of these new facts, in so far as they
related to specimens in our cabinet here, have since that time

been noticed in my resume of the question in the Memoirs of

the Peter Redpath Museum, 1888 ; but I hope my friend Prof.

Rupert Jones may yet be able to complete Dr. Carpenter's
work.
Those who know Dr. Carpenter's powers of investigation will

not be surprised that later observers, without his previous pre-

paration and rare insight, and often with only few and imperfect

specimens, should have failed to appreciate his results. One is

rather surprised that some of them have ventured to state with

so great confidence their own negative conclusions in a matter of

so much difficulty, and requiring so much knowledge of organic
structures in various states of mineralization. For myself, after

working for fifty years at the microscopic examination of fossils

and organic rocks, I feel more strongly than ever the uncer-

tainties and liabilities to error which beset such inquiries.

As an illustration in the case of Eozoon : since the publication
of my memoir of 1888, which I had intended to be final and

exhaustive as to the main points, and in so far as I am con-

cerned, I have had occasion to have prepared and to examine
about 200 slices of Eozoon from new material : and while most

of these have either failed to show the minute structures or have

presented nothing new, a few have exhibited certain parts in

altogether unexpected perfection, and have shown a pievalence
of injection of the canal system by dolomite not previously

suspected. Since that publication also, the discoveries of

Mr. Matthew in the Laurentian of New Brunswick, and the

further study of the singular Cambrian forms of the type of

Cryptozoum, have opened up new fields of inquiry.
I think it proper to state, in reference to Dr. Dallinger's foot-

note on the recent paper of Mr. Gregory, that it must not be

inferred from it that Mr. Gregoiy had access to my specimens
from Madoc and Tudor, though he no doubt had excellent

material from the collections of the Canadian Geological Survey.
It might also be inferred from this note that I have regarded the

Madoc and Tudor specimens as
" Lower Laurentian." The

fact is that I was originally induced in 1865, by the belief of

Sir W. E. Logan at that time that these rocks were representa-
tives in a less altered state of the middle part of the Laurentian,
to spend some time at Madoc and its vicinity in searching for

fossils, but discovered only worm-burrows, spicules, and frag-
ments of Eozoon, which were noticed in the Journals of the

Geological Society for 1866. (The more complete specimen
from Tudor was found by Vennor in 1866.) On that occasion I

i-atisfied myself fully that the beds are much older than the

Cambro-Silurian strata resting on them unconformaMy ; but I

felt disposed to regard them as more probably of the age of

some parts of the Huronian of Georgian Bay, which I had ex-

plored with a similar purpose under Logan's guidance in 1856.
As my work was not official, and was palaeontological rather

than stratigraphical, it did not seem proper to express any dissent

from what were at the time the probable conclusions of strati-
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graphical work
;
but I was quite prepared to assent to the new

views afterwards adopted.
In conclusion, the new material bearing on Eozoon is ac-

cumulating so rapidly that I cannot hope to be able to master it

in detail, but shall be glad to aid others who may have more
time ; but I hope to be able, in a work now in preparation, at

least to present the facts up to date in a popular form.

J. William Dawson.
McGill College, Montreal, February 3.

The Samoan Hurricane.

Replying to the communication in Nature of December 17,

1891 (p. 161), signed
" H. F. B.," relative to my preliminary

report on the Samoan hurricane of March 1889 (published in

the Proceedings, U.S. Naval Institute, vol. xvii.
, No. 2, and in

the American Meteorological journal, July 1891), I would
submit the following statement.

First of all, I wish to acknowledge Mr. Blanford's apprecia-
tion of the difficulties involved in the consideration of the subject,

owing to the meagreness of the data ; and at the same time to

express my own appreciation of the fact that he himself has not

had access even to such data as we have succeeded in collecting,
but only to my necessarily brief discussion thereof, and the con-

clusions that 1 have drawn therefrom.

Mr. Blanford's explanation, as I understand it, is as follows :

the vortex of the hurricane formed north or north-east (on the

equatorial side) of Apia on the afternoon of the 15th, within a

"region of disturbance
"

that had already caused stormy weather

throughout the Samoan Islands and a decided barometric de-

pression at Apia. The first effisct of this formation was (by

adding slightly to the normal evening rise of the barometer) to

cause a decided rise of pressure, which, however, decreased

again as the vortex slowly approached the harbour, thus causing
the second minimum (the afternoon of the i6th), the duration of

the storm being explained by the usual slow motion of the

newly formed hurricane.

To the above explanation it is necessary to make a correction,

I think, owing to the fact that the shifts of wind at the time

of and immediately after the first minimum show that the centre

of the disturbance then passed to the westward of Apia, and as

the wind thereafter remained from north to north-east, the centre

(or vortex) evidently remained to the southward and westward.

This fact, however, merely introduces a change in the position
where the new vortex formed, according to the theory under
discussion.

Revising Mr. Blanford's explanation, then, in the light of this

correction, it appears that the track of the depression is about as

I have drawn it, but that a vortex formed slightly to the south-

zuard and zuestivard of Apia, thus causing a slight rise of

pressure at first, succeeded by a second fall, and the slow
motion of this newly formed vortex caused the duration of the

northerly gale.

Now, I must here take exception to one of Mr. Blanford's

statements, which is as follows (referring to the theories given
in my paper): "None of these explanations seem to take

account of the circumstances that attend the formation of tropical

cyclones, which, as we have elsewhere pointed out, differ in

many respects from the storms of the temperate zone." A
reference to my paper will show, I think, that I took into con-

sideration the special peculiarity to which Mr. Blanford calls

attention, and went so far as to insert a plate in order to

illustrate tv\o types of storms—namely, (i) the characteristic

tropical hurricane type (where there is a decided vortex, or

"centre of aspiration") ; and (2) the type where there is a

comparatively wide central region surrounded by an annular

space where there are steep barometric gradients and cor-

respondingly high wind velocities, but without any decided

vortex, properly so called. I said also that "it will be seen

that the indications are that the Samoan hurricane (on the 15th
and i6ih, at least) was of the second type, although during
the 17th and i8th it doubtless became more like the first." In
a word, I said (both explicitly and by means of the varying
strength of the track drawn on the chart) that the depression

passed Apia on the afternoon of the 15th, recurved (increasing in

intensity and delaying whilst recurving, each of which is to be

expected), and then moved off to the southward and eastward.
I do not intend to convey the impression that I made any
definite statement as to just when or where the vortex formed,
nor am I wholly prepared to hazard such a statement even at
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this late date. I can still only repeat here what I said before,

as follows :
—

" My idea is, briefly, that the first depression occurred as the

storm passed on its westward track, followed by the usual shift

of wind to the northward. Along this branch of its trajectory

its severity was probably not quite so great as it was later, and the

force of its southerly winds was masked by the mountains on the

island of Upolu ; possibly careful observations of the rapidity of

motion and the character of the clouds, or of the state of the

seaofifthe harbour, might have indicated a severe storm, but

this does not appear from the evidence at hand, though well

worth considering. During its recurve the hurricane probably
increased in intensity, the barometric depression at the centre

deepening, and thus causing the second depression observed at

Apia, which was slightly deeper than the first, although the

centre itself was really at a greater distance than on the previous

day."
Unfortunately, as stated above, we have no very definite data

regarding the severity of the storm before it reached Apia,

although I must say that a barometric depression of 076 inch

below the normal in the tropics is very suggestive of the

presence of a fully developed vortex, and it seems more than

likely that if the harbour had not been well sheltered to the

southward the southerly gales would have been quite as severe

as those from the north. The only early data that we have,
other than the reports from Apia, are contained in the following
verv brief report from the American schooner Equator, Captain
Reid:—

"March 14 (Samoandate), lat. 12° 00' S., long. 170° 50' W.,
wind S., S.W., W., N.W. ; thick, squally; hove to.

"March 15 (Samoandate), lat. 13° 00' S., long. 170° 40' W.,
wind N.W.

;
fierce gale ; squalls ; heavy sea."

This, although brief, seems to indicate that it was a fully

developed hurricane that was approaching Apia, and I am
inclined to the opinion that such was actually the case.

Mr. Blanford will surely admit that it is one recognized

peculiarity of tropical hurricanes to reduce their speed of trans-

lation whilst they are recurving, and he will thus admit also

that such recurvature accounts, in the present case, for the

duration of the northerly gale at Apia. So far as the sharpness
of recurvature is considered, I would say that the report of the

Equator is sufficiently vague to allow us to draw a curve with a

somewhat less sharp recurvature, and I should myself have done so

but for the single fact that a hurricane approaching from a more

northerly direction must have sent a northerly or north-easterly
swell into the harbour that would have been felt to at least such

an extent as to be noted in the log of one or more of the vessels

there, but I have looked in vain for any such remark, until after

the shift of wind on the afternoon of the 15th.
In conclusion, I take pleasure in expressing my obligation to

Mr. Blanford for his interesting and able discussion of the

subject, which, even with all the data at hand, has still many
perplexing features. The principal object of this preliminary

publication was to elicit comment and discussion, and it will be

very gratifying if other authorities will give us the benefit of

their experience and suggestions.
Everett Hayden.

Hydrographic Office, Washington, D.C.,
January 4.

The distinction to which allusion was made in the passage
quoted by Mr. Hayden is not, as he seems to have understood,
that between tropical and extra-tropical storms when fully formed,
but between the circumstances of their respective formation.
These are that, in the former, the cyclonic circulation of the
winds is preceded by much irregular action, which sometimes
extends over a considerable area. Within this area there are

local squalls and shifts of wind, with heavy rainfall, but the
action is not for some time definitely concentrated and cyclonic.
This preliminary stage does not appear to obtain in the storms
of the temperate zone, where the deviating effect of the
earth's rotation is so much greater than in low latitudes, and

indeed, if we accept the views of Werner Siemens and Prof.

Hann, the cyclonic circulation is the cause and forerunner of

the storm. I cannot think it probable that a vortex, once fully

formed, and travelling towards higher latitudes, should recurve
so sharply as to produce a fall of the barometer on tivo

successive days (with a rise in the interval) at the same place,

simply by twice passing in its vicinity. To effect this, the
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recurvature must, as I apprehend, describe an angle consider-

ably less than a right angle, and of such I know of no example
among tropical cyclones. At the same time, my own view was

put forward merely as a suggestion, and in no dogmatic spirit.

H. F. B.

Phoronomy.
About thirty-five years ago, I had a conversation with the late

Dr. Donaldson, a well-known Greek scholar of the time, in

which we discussed the appropriateness of the use of the word

kinematics, in the sense in which it was then, and is now,

employed by writers on mathematical science. Dr. Donaldson's

opinion was that it is not the best word which can be employed
to represent the science of pure motion, without regard to causa-

tion. He said that the word Kiviw involved the idea of the cause

of motion, and therefore that it ought not to be used when the

idea of causation is to be completely set aside. He further gave
it as his opinion that the word cpopfca is more nearly expressive of

the idea of rnere going, without any reference to the cause of

motion, and therefore that the proper word would be phoronomy,
or phoretics.

1 was so much impressed by this conversation that, for many
year.';, I headed with the word phoronomy the papers of questions
on the subject of pure motion which I was in the habit of pre-

paring for College lectures and private pupils.
I have recently consulted a very eminent Greek scholar,

and his opinion is that, on the whole, the word phoronomy
is more distinctly expressive of the science of pure motion

than the word kinematics. He agreed with Dr. Donaldson
that the word kinematics suggests some idea of causation,

whereas no such idea is suggested by the word phoronomy.
As a matter of history, the word cinematique was introduced

by Ampere to represent the purely geometrical science of motion

in the abstract, and was anglicized into kinematics by, I

think, the late Dr. Whewell.
Sir W. Thomson and Prof Tait, in the preface to their

"Natural Philosophy," adopt the suggestion of Ampere, and

employ the word in the same sense. They also employ the word

dynamics in its true sense as the science which treats of the

action oi force, whether it maintains relative rest, or produces
acceleration of relative motion. They further state that these

two corresponding divisions of dynamics are conveniently en-

titled statics and kinetics.

Here, then, we have two words, kinematics and kinetics, both

derived from the same root-word, employed to represent two

entirely different sets of ideas ; and there is not^the same broad

line of demarcation between the words themselves as there is

between the sets of ideas which they are intended to connote.

Hence it appears to me that the word phoronomy, the law of

going, is the most suitable, as it is the most expressive word,
to represent the science of pure motion in the abstract.

At the time of my conversation wuh Dr. Donaldson, we were

neither of us aware that the word had been already invented

and employed. Some years after, I found that a treatise was

published at Amsterdam in 1716, entitled
"
Phoronomia, sive

de viribus et m.otibus corporum, Autore Jacobo Hermanno,
Basil." Hermann, however, uses the word in much the same
sense as we now use the word dynamics.
The point has been recalled to my mind by the discovery

that the word has been employed in Germany in the sense in

which Dr. Donaldson advocated that it should be used.

In the treatise entitled "
AUgemeine Mechanik der Punkte

und Starren Systeme," by E. Budde, published in 1890 at

Berlin, the word phoronomy is adopted, and the author gives
his reasons in the following words :

—
" Man kann eine Ortsveriinderung zunachst rein geometrisch,

ohne alle Rucksicht auf ihre Ursachen, betrachten, und das

soil in den riichsten Capiteln geschehen. Die Disciplin,

welche sich mit dieser Betrachtung befasst, heisst Phoronomie

oder Kinematik. Der Name Kinematic ist seit Resal der

gebrauchlichere gewesen ; neuerdings aber wird von Reulaux

und seinen Schiilern die Morphologic der Verkniipfung von

Maschinentheilen als
' Kinematik '

bezeichnet. Wir wahlen

deshalb hier den Namen Phoronomie."
With reference to this statement of Budde's, I observe that

Ampere, in the
" Essaie sur la Philosophic des Sciences,"

particularly mentions trains of machinery, such, for instance

as the works of a watch, as coming under the heading
kinematics.

I also find that Grassmann, in the "
Ausdehnungslehre von
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1844," published at Leipzig in 1878, speaks of " Phorometrie
"
as

representing "die reine Bewegungslehre" ; and I see that

Mobiususes the adjective in an article on the " Phoronomische

Deutung des Taylor'schen Theorems."
A change in scientific nomenclature is by no means an

unprecedented occurrence.

For instance, notwithstanding the great authority of

Lagrange, the phrase "virtual velocity" has been practically

superseded by the phrase "virtual work," and in the year 1876 the

word "work" was substituted for "virtual velocities" in the

regulations, published in the Cambridge University Calendar,
for the Mathematical Tripos.

Another instance is the fact that the phrase vis viva has been

superseded by kinetic energy, as a more convenient term in the

expression of the principle of energy.
Further, I notice that Prof. Tait, in lectures on "Recent

Advances in Physical Science," gives the suggestion that the time-

honoured word force is in all probability destined, as science

advances, to be relegated to the limbo of departed
nomenclature.

For these various reasons, then, I trust that I shall not be

regarded as an iconoclast, if I venture to substitute, for the

viord kinematics, the viord phoronomy.
W. H. Besant.

St. John's College, Cambridge, February.

On the Terms "
Centrifugal Force " and " Force of

Inertia."

The retention, in the last edition of Mr. Loney's
" Elements

of Dynamics," 1891, of a paragraph (p. 141) which resuscitates

the objections formerly urged by some writers against the use of

the term "centrifugal force
"
seems to call for a protest. It is

to be regretted that students of dynamics should find absolutely

contradictory statements presented to them respecting the validity
of this term. While, however, in one set of text- books we find

a perfectly clear definition and consistent use of the phrase
"centrifugal force," there does not, on the other hand, appear
to be unanimity of ideas amongst the objectors, nor always
sufficient clearness in expressing the same.

In the uniform circular motion of a ball rolling on a table

against the inner surface of a vertical cylinder, the pressure of
the cylinder upon the ball is a centripetal force directed towards
the centre of the circle. The contrary pressure of the ball upon
the cylinder is the "centrifugal force," which is defined as the
reaction to the centripetal in this case, and in every case as the
reaction to the normal component of the centrifugal force.

The foregoing definition or usage of the term is adopted
without hesitation or apology in the following works, named in

order of date :
—

Poisson's " Traite de Mecanique," 1833, vol. i. p. 332, or

Harte's translation, 1842, p. 256.
Walton's "Mechanical Problems," 1842, pp. 240, 260, 269.
Prof. Niven in "Cambridge Senate-house Problems," 1877,

p. 78.

Thomson and Tait's "Natural Philosophy," 1879, P- 221.

Garnett's "Elementary Dynamics," 1875, p. 205, and 1882,

P- 255
Routh's "Rigid Dynamics," Part I., 1882, p. 217, and Part

IL, 1884, p. 15.
Williamson and Tarleton's "

Dynamics," 1889, p. 88.

Objections to the term appear in—
Goodwin's "Course of Mathematics," 1849, p. 275.
Parkinson's "Mechanics," 1863, p. 249.
Blaikie's "Dynamics," 1887, p. 32.

Rankins, "Encyclopaedia Britannica," "Mechanics," 9th
edition.

Loney's
"

Statics and Dynamics," 1891, p. 141.

Other authors might have been cited, but I have referred to

such as I happen to possess.

Nearly all these objectors evince the same reluctance to giving
the name of " force" to the reactionary effect of the body's in-

ertia in the direction of the normal outwards. Yet, if we admit
that

"
to every force there is an equal and opposite reaction,"

it is not easy to escape from the conclusion that such a reactionary
force exists.

Mr. Loney, however, postulates both forces, but adds :
—

"
Centrifugal force is a very misleading term. It seems to

imply that the force belongs to the mass instead of being an

external force acting on the mass. A somewhat less misleading
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term is centripetal force. We shall avoid the use of either ex-

pression ; the student who meets with them will understand

that either {sic) means the force which must act on a mass to

give it the acceleration normal to the curve in which it moves."
These are confusing directions to the student, who must be left

in complete bewilderment as to any distinction in meaning between
"
centripetal

" and "
centrifugal."

"
Centrifugal," from its deri-

vation, signifies that the force has a tendency to make the body
fly away radially from the centre. And such a tendency there is,

and such a motion would result if we could make the centrifugal
force last fter the centripetal has ceased. But in the objections
taken the word "tendency" is regarded as though it implied
an actual subsequent motion in the direction of the tendency.
A beginner is almost certain to fall into the error of imagining
that, when the cord is slipped, the stone from a sling will dart

away in a direction intermediate between that of the string and
its own previous motion in the circle. But the name "centri-

fugal
"

is not answerable for this. The idea is due to the un-

mistakable pull upon his hand of an outward tending force, to

which "centrifugal" merely gives th; right name. Clearer

conceptions show him that the two forces, the action and the

reaction, cease at the same instant when the string is cut, and
that there is no initial velocity in either direction.

Uniform circular motion is perfectly unique. In the direction

of the force there is no motion, in the direction of the motion

there is no force. The real crux lies in this conception of a

constant acceleration with a perpetual zero velocity in the direc-

tion of the acceleration. How, says one, can there be a rate of

change when the change itself is zero ? But the objection is a

metaphysical one, and it may be urged with equal force against
the whole doctrine of limiting ratios.

Mr. Loney's statement that the centrifugal reaction is not a

force belonging to the mass, but " an external force acting on
the mass," requires some elucidation. Dr. Parkinson, in the

paragraph referred to, has something similar. He says that the

term "
centrifugal force" "vaguely conveys an impression, as it

were, that the
j.
article of itself resisted curvilinear motion and

exerted a force per se to move in a rectilinear path, which innate

tendency was only overcome by the action of some external

force." He also grudgingly recommends the student to use the

obnoxious phrase "simply as an equivalent for the moving
force in the direction of the normal." Here again

"
centrifugal

"

is made to signify a tendency towards the centre ! Is not the

vagueness complained of imported into the subject in some
measure by the writers themselves ?

Whatever names are employed, the facts are these. The force

towards the centre communicates to the body an acceleration in

that direction, which acceleration gives rise (we know not how,
but we say by the law of inertia) to a force equal and opposite
to the force which produced the acceleration. This reaction

always appears to emanate from the mass of the moving body,
and it has therefore been called "the force of inertia" of the

body. Although this view has been combated by Poisson and

others, some of the latest authorities are reasserting it. Thus in

Thomson and Tait, 1867 and 1879, we find in Article 216:
" Matter has an innate power of resisting external influences.

. . . This the inertia of matter, &c." Again, in Sir Robert
Ball's "Experimental Mechanics," 1888, p. 252: "When any
agent acts to set a body in motion or to modify its motion in

any way^ the body reacts on the agent, and this force has been
called the kinetic reaction."

I cannot see any objection to designating this reaction "the
force of inertia." It is a provisional term, which will serve our

purpose until the nature of force is better understood. Poisson's

argument against it, derived from our experience of friction,

appears to me invalid, and his illustration irrelevant, because
the law of resistance is not the same as in the case of inertia.

If it had happened that the 'aw governing friction was that the

resistance to motion was directly proportional to the accelera-

tion, then if a body were moving with constant velocity upon
a rough plane there would be no resistance from friction. The
smallest acceleration of velocity would give rise to a coiTcspond-

ingly small amount of friction, a double acceleration would
double the resistance from friction, and so on, precisely as with

the resistance from inertia. George S. Carr.

A Lecture Experiment in Surface Tension.

Hoping it may be of interest to some of your readers, I

venture to send you the following description of a simple ex-
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periment on surface tension. A drop of water hanging from
the end of a vertical glass tube is regulated in size until it is just
on the point of falling away from the tube. On dipping the end
of a penholder in ether, and bringing the wet end within a few
millimetres from the drop, the latter promptly falls. The drops

may be produced and adjusted in the following manner :—
A piece of glass tube, about 8 cms. long and "8 cms. in dia-

meter, is made into a pipette with an orifice about '\^ cms.

diameter, and fitted with a small india-rubber ball at the other

end. The tube is then passed through a hole in a piece of

wood large enough to rest on the top of a common tripod
stand, as shown in the figure. A strip of wood, or a paper-

M

^aJo

knife, about 30 cms. long, is placed with its centre resting on
the top of the ball, one end (a) being held between the two

uppermost of a pile of books, and the other end (b) passing
under a screw (s). The ball is squeezed, a beaker of water

brought under the end of the pipette, and the tube allowed to

fill by the expansion of the rubber. By working the screw s, a

drop is formed at the end of the tube, and since one complete
turn of the screw I use only lowers the end of the rod (b) ttj inch,
it is possible to adjust the drop with great nicety. As the ether

is brought up, the absorption of its vapour diminishes the sur-

face tension over a small area of the drop of water, and currents,
made visible by suspended dust, appear to pass from the interior

towards the weakened spot. Bringing the ether still nearer, the

drop often becomes much agitated, and finally, when the dis-

tance is reduced to about 4 mm., it falls away from the tube.

E. D. Fridlander.
Mason College, Birmingham, February 29.

The Orientation of Ancient Monuments.
The deeply interesting results obtained by Mr. Norman

Lockyer with regard to the orientation of Egyptian temples, and

by Mr. F. C. Penrose with regard to the Greek, tempt me to

call attention to an extract from the Century Magazine, May
1883, from an article by Frank Cushing, describing a visit to the

Zunis, a typical tribe of the Pueblo Indians of New Mexico, in

1879 :-
" Each morning just at dawn, the Sun priest, followed by

the master priest of the Bow, went along the eastern trail to

the ruined city of Ma-tsa-ki by the riverside, where, awaited at a
distance by his companion, he slowly approached a square open
tower, and seated himself just inside upon a rude ancient stone

chair, and before a pillar sculptured with the face of the sun—the

sacred hand—the morning star and the new moon. There he

awaited, with prayer and sacred song, the rising of the sun.

Not many such pilgrimages are made ere the ' suns look at

each other,' and the shadows of the solar monolith, the monu-
ment of Thunder Mountain, and the pillar of the Gardens of

Zuiii lie along the same trail
; then the priest blesses, thanks,

and exhorts his father, while the warrior guardian responds as he
cuts the last notch in his pine-wood calendar, and both hasten
back to call from the house-tops the glad tidings of the return of

spring. Nor may the Sun priest err in his watch of Time's

flight ; for many are the houses in Zuni with scores on their walls

or ancient plates embedded therein, while opposite a convenient
window or small port-hole lets in the light of the rising sun,
which shines but two mornings of the 365 on the same place.

"Wonderfully reliable and ingenious are these rude systems of

orientation, by which the religion, the labours, and even the

pastimes of the Zuilis are regulated."
In like manner, we read in Prescott that at Quito the festival

of the Sun-god was held when " he sat upon the pillar," i.e. a

pillar cast no shadow.
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Might not this ZuRi ceremonial be a description of one enacted
at some primitive astronomical temple such as Stonehenge?
and do we not gain the best insight into the minds of those who-
in the Archaic period first orientated—the Babylonian and
Assyrian ziggurats, the pyramids and temples of Egypt, the

temples of Greece, and our own Stonehenge—by seeing how a

people in a similar stage of intellectual and scientific develop-
ment are acting today ? Fred. F. Grensted.
Merchant Taylors' School, Crosby.

The Nickel Heat Engine.

Mr. Karamate, in a letter which appears in your issue of

March 3 (p. 416), alludes to a new form of heat engine described

by me in your issue of January 28 (p. 294). He states that my
device is similar to one by Prof. Stefan. I wish to point out

that the two heat engines are quite different in design. The
engine of Prof. Stefan has a step by step action ; that described

by me is under certain conditions absolutely continuous in its

action. The contrast is shown by Mr. Karamate's description
of Prof. Stefan's engine ; he writes :

— " Nickel plates were fixed

on a wheel, like that of a water-mill, and a magnet was placed
before it. By heating a nickel plate before the magnet, it was

repulsed by the magnet, and a succeeding plate was attracted,

so that the wheel commenced to rotate." From this it seems
clear that the action of the machine must be step by step, since

the different pieces of nickel must come successively under the

influence of the magnet and the flame. In my disk form of

engine, the action, when the disk has a certain thickness, is con-

tinuous. Mr. Croft has recently shown that when the disk is

not so thick as mine was the disk starts in one direction, then

stops, and sets off in the opposite direction. It will also be

noticed that the distribution of the magnetic field due to twa

poles is entirely different from that in the machine of Prof
Stefan. Mr. Karamate writes :

"
By heating a nickel plate

before the magnet, it was repulsed by the magnet." I hardly
see how this repulsion takes place. Faraday, writing about the

behaviour of nickel, states (" Experimental Researches," vol. iii.,

2346) :

"
Upon being heated the nickel soon became indifferent

to ordinary magnets, but, however high the temperature, still it

pointed to and was attracted by the electro-magnet." Surely
the action of the engine is due to one piece of nickel becoming

partly non-magnetic owing to a rise of temperature, thus up-

setting equilibrium, and allowing the next piece of nickel to

approach the magnet and consequently the flame.

I may add that E. Berliner in 1885, and Edison in 1887,

patented magnetic heat machines on the step by step principle.
Frederick J. Smith.

Trinity College, Oxford, March 4.

The Limpet's Power of Adhesion.

I WOULD like to call the attention of your readers to the

results of some experiments, which, I think, are original, re-

ferring to the power of adhesion of the common limpet {Patella

vulgata).
The experiments were carried out as follows, with the assist-

ance of my friend J. Sinel, of the Biological Laboratory here.

The shell of the limpet in situ was perforated, so as to allow of

the attachment of a delicate spring balance, by means of which
a gradually increasing strain could be put upon the animal, in a

direction normal to the foot. The pull was increased until the

animal became detached, and the final weight and the greatest
and least diameters of both foot and shell noted.

The following figures are compiled from a series of twenty
consecutive experiments, and are typical of other similar series.

The individuals operated on were not chosen in any way.

Averages of Tiventy Consecutive ExperitJients.

Area of shell, in square inches ... ... ... i'07
Pressure per square inch of shell ... ... 22 "5 pounds.
Area of foot, in square inches "45

Pressure per square inch of foot... ... ... 54"3 pounds.
Gross weight 23*9 ,,

Maximum pressure per square inch of shell area 31 '3 ,,

Minimum ,, ,, ,, ,, I3'9 »>

Maximum ,, ,, ,, foot area 'Ji'i ,,

Minimum ,, ,, ,, ,, 37*1 ,,

Maximum gross weight ... ... ... ... 32 ,,

Minimum ,, ,, ... ... ... ... 12 ,,
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The areas in the above table are calculated on the assumption

that both shell and foot are ellipses, which is fairly near the

truth. I need hardly point out that the old theory of atmo-

spheric pressure will not account for these figures, and in the

case of Patella the mucus is too thin to have much cohesion.

Perhaps some of your readers can throw light on the subject.

29 St. James's Street, Jersey.
Percy A. Aubin.

On the Variation of Latitude.

In connection with the interesting investigations of Dr.

Chandler on the variation of latitude, permit me to suggest the

desirability of calling attention to Maxwell's remarks on the

same subject at the conclusion of his paper
" On a Dynamical

Top," Ed. Phil. Trans., xxi., Part iv. p. 568 (read April 1857).

Maxwell, taking the value of - as ro0309, as deduced from the

amount of precession (Pontecnulant, ii. 268), finds the time of

revolution of the pole of the earth about the true pole to be about

325-6 solar days. Dr. Chandler's period of 427 days would on

the same principles correspond to the value -.-
= i '00235.

ROBT. B. Hayward.

Fairlight, Harrow, February 28.

ORNITHOLOGY OF THE SANDWICH ISLES.

THE departure for Honolulu of Mr. Robert C. L.

Perkins (as already announced in these pages), the

gentleman sent out by the Joint Committee appointed by
the Royal Society and by the British Association to in-

vestigate the zoology of the Sandwich Islands, may
render the present moment opportune for noticing what
has already l)een done towards obtaining a knowledge of

their presumably expiring Fauna, though I can only lay
claim to acquaintance with a single Class of it—the

Birds. Yet students of that important branch of Biology
which is known by the clumsy and not strictly accurate

title of the "Geographical Distribution of Animals," will

bear in mind that tlie first successful attempt to grapple
with and elucidate it was based upon this very Class

; and,

furthermore, that by far the most comprehensive work on
the subject has proceeded from the pen of a most pro-
ficient ornithologist, while nobody can doubt that but for

his intimate knowledge of Ornithology many of his results

would have been inconclusive if not unattainable. Into

the reason why the most vagrant Class in creation was
thus so serviceable to Mr. Sclater and to Mr. Wallace,
there is no need here to enter. It is perhaps enough to

state that indubitable fact to warrant the publication of

the present remarks having reference to a small portion

only of the Hawaiian Fauna
; and, if they should furnish

an indication of what may be proved when the rest comes
to be better known, it will so much the more redound to

the credit of Ornithology ; while, should further acquaint-
ance with other Classes contradict the inferences to be
drawn from the Birds, the suspicion, to call it by no

stronger name, at times expressed, that what is a good
Law of Nature for one set of animals will not hold for

another, may be justified.

Moreover, within the last six months has been pub-
lished a very remarkable dissertation,

" On the Structure
of certain Hawaiian Birds, with reference to their System-
atic Position," contributed by Dr. Gadow to Mr. Scott

B. Wilson's beautifully illustrated
" Birds of the Sandwich

Islands." From its title, this essay might be supposed
to interest only the taxonomer or the ornithotomist ; and
the zoologist of wider views might leave it unheeded as

having a scope too limited for his purposes. The very
contrary is the truth, and those who will follow the

author's deductions to their logical end will perceive that

his " Remarks "
disclose a state of things which is not

only subversive of the generally-received opinion as to

the nature and affinities of the avifauna of the Sandwich
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Islands, but is fraught with evidence of a kind hardly

hitherto suspected in regard to the origin and derivation

of the animal population of that group. Hints to this

effect may, indeed, be gathered from Mr. Wallaces

works, and especially from his
" Island Life"

;
and that,

with the i&^ facts at his disposal, he was able to give

them, is proof of the depth of his perception ;
but hence-

forth he will be able to speak boldly, and drop every

uncertain phrase.
The dearth of facts with which Mr. Wallace had ta

contend, even in 1880, shows that the Sandwich Isles

have not been fortunate in their Natural Historians,

though perhaps no worse off in this respect than many
another group

"
lying in dark purple spheres of sea.

'

Discovered in 1778 by Cook, during the last of his cele-

brated voyages, his ships communicated with one of the

more western islands— Atooi, as its name sounded to him

and his companions, but since, and doubtless more

correctly, written, Kaui. The admiration of the visitors

was excited by the cloaks and helmets of the natives,

beautifully bedecked with feathers, the more or less

moth-eaten remains of which may yet be seen in many a

Museum ;
and the scarlet birds which furnished the most

brilliant adornment of these ingenious works of art were

duly mentioned by Cook in his journal as published.

After less than a fortnight's stay, in the course of which

the existence of five islands was made out, his ships

stood off to the northward to prosecute their voyage of

discovery. Towards the end of the year they returned,

and Cook, having had experience of the hospitable treat-

ment of the islanders, designed to make his winter-

quarters in the Sandwich Isles, as he had named them,

after the then First Lord of the Admiralty ; but, keeping
more to windward, the first land he made was the most

eastern of the group, one that he had not even seen on

his first visit. This was the historic Owhyhee— now-

adays written Hawaii—which, being the largest of them,

and that which produced the warrior-king and statesman

who eventually subdued all the rest, has given its official

name to the Archipelago. ^

Though Owhyhee was sighted on November 29, Cooks
course along its eastern and southern coast was so deli-

berate that it was not until January 17, 1779, that he

found a safe anchorage, and that in Kealeakakua Bay, on

its western side. What passed there during the next

three weeks need not be here recorded, but those who
know how to read his narrative and the accounts since

divulged from native sources will admit that it throws an

important and yet most lurid light on the history of

superstition. To the unprejudiced it must be doubtful

whether even now the whole truth is or ever can be

known. The ships sailed on February 4 ;
but in making

her way to the northward, the Resolution sprung her

mainmast, and within a week returned to her old

anchorage. Three days later occurred t^e terrible

tragedy which deprived the world of one of its greatest

seamen. A week after Cook's death, the ships sailed to

the westward, touching at some of the intermediate

islands—Mowee (Mauai), Lanai, and Morotai (Molokai),

making once more for Atooi (Kauai) and Oneehow

(Niihau), the last famous for its yams. Then, on March

15, they bore away again to the northward, and did not

return.

Now, the object of giving here fhese details is to show

that the natural history specimens obtained by Cook's

ships were procured only on the islands of Hawaii,

Kauai, and Niihau. This is the more needful because

the first descriptions of any of the birds of the Sandwich
Isles were given, with two exceptions, by Latham in his

"General Synopsis of Birds," published in 1781-85, and

most of the specimens so described no longer exist.

Some were in the British Museum or the collection of

Sir Joseph Banks, afterwards transferred thereto ;
the

rest were in the Leverian Museum. Of the former, as is
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well known, not one remains ;
but fortunately, at the

breaking up of the last in 1806, a few were bought by the

then Lord Stanley, who (dying in 1851, as thirteenth

Earl of Derby, and President of the Zoological Society)

bequeathed his collection to the borough of Liverpool,
and there, thanks to the care that has been taken of

them, they still exist in fair condition. A few more were

bought for the private collection of the then Emperor of

Austria, and are still carefully preserved in the Museum
of Vienna. Of several of the species it is not known that

any other specimens were brought to I^urope until some
three years ago. On both of Cook's previous voyages

qualified naturalists had been sent ; but, as is known, the

arrangements for publishing their discoveries were so

imperfect that little credit followed to anyone concerned.

On this, his third and last voyage, there was no expert,

though Mr. William Ellis, who in an irregularly pub-
lished narrative, calls himself " Assistant Surgeon to both

vessels," was somewhat of a draughtsman, and made a

series of sketches, which, becoming the property of Banks,

subsequently passed to the British Museum. The com-
moner species of Sandwich-Island birds are generally

recognizable, but others are so unhappily limned that

even the word caricature (which always implies some

likeness) seems too strong to apply to them. Neverthe-

less, Mr. G. R. Gray adventured to determine all of

them.
More than a quarter of a century passed before any

further progress was made in the knowledge of the zoology
of the Sandwich Isles, though they were visited by nume-
rous ships, and in 1794 were ceded to Britain under
Vancouver. In i8i4an attempt was made to seize them
for Russia

;
and Kotzebue, whose voyage has so much

scientific interest, was there in 1816-17, but the accom-

plished naturalists, Chamisso and Eschscholtz, who were
with him, took little heed of the fauna of the islands.^

The year 1822 saw the arrival of the more celebrated

William Ellis, whose missionary labours throughout the

Pacific and in Madagascar are so widely known. The
Sandwich Isles had by that time fallen under the sway
of the conquering Kamehameha I., whose son and suc-

cessor, desirous of seeing European civilization, arrived

in England in 1824 with his wife—both to die of measles
within a few weeks. The British Government deter-

mined to send their remains for interment in Honolulu,

by that time become the capital of the islands, and ac-

cordingly H.M.S. Blonde, commanded by George Anson
seventh Lord Byron (first cousin and successor to the

poet), was commissioned to convey the dismal freight.
The duty was performed, and the islands again were
ceded to the British Crown, but again declined. On
board the Blonde sailed as chaplain Mr. Rowland Bloxam,
together with his brother Andrew, who was somewhat
of a naturalist, and it was intended that the pubHshed
account of her voyage should contain a proper appendix
on the natural history of the islands. An "Appendix"
there indeed is, but one utterly unworthy of its reputed
author, for the book was edited by a lady (as I have
•been informed) who had nothing but a few of his notes
to guide her, and though assisted, as it is stated, by
"
the gentlemen connected with that department in the

British Museum," is a disgrace to all concerned, since,
so far from advancing ,the knowledge of the subject, it

introduced so much confusion as to mislead many sub-

sequent writers.'^ Some years later another great oppor-
tunity was missed, and this time by the American tra-

veller Townsend, who, after crossing the Rocky Mountains
to the Colurribia River, sailed, in company with Nuttall,
the well-known naturalist, for the Sandwich Islands,
where they arrived in January 1836, and stayed nearly

' The same negative results attended his second visit in 1824-25.
-

I have reason to beUeve that Mr. Blo.xam's original notes are still in

existence, though hitherto they have not been accessible to me. It is possible
ihat they would remove uncertainty on several points.
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three months, visiting Oahu and Kauai. Returning at

the end of the year, Townsend found the Prussian
naturalist Deppe at Honolulu, and with him passed
some time in the pursuit of natural history, visiting
most of the windward islands before he left in March
1837. Among the specimens obtained by Deppe for the

Berlin Museum were some of two species for which
Lichtenstein rightly established a new genus

—the sin-

gular form Hemignathus- -SiXi^, as it has since proved,
both these species were new, though he had, not un-

naturally, identified one of them with a species described

by Latham. Of Townsend's collection, a considerable

part was given to the Academy of Natural Sciences at

Philadelphia,^ where it still remains ; but he sent several

specimens to Audubon, at that time, I believe, in Edin-

burgh, and he parted with them to Carfrae, a dealer

there, who sold them to the late Sir WiUiam Jardine, at

the dispersal of whose collection I was so fortunate as to

secure them—some of them bearing Townsend's label—
for the Museum of this University. If Townsend had
but published a list of his captures, he would indeed
have rendered a very good service ;

but of course the

value of island-forms, to say nothing of the fact that

many of them were threatened with extirpation by
colonization and civilization, had not then been appre-

ciated, if even entertained, by naturalists. In the year
of Townsend's departure, the French frigate Venus, in

the course of her troublous career under Du Petit-Thouars,
arrived in the Sandwich Islands, with two naturalists,

Ldclancher and Neboux, on board ; and some years
later the atlas of plates illustrating the zoology of her

voyage appeared ; but the text was deferred for a

long while, and, indeed, was not completed till 1856.
Herein was figured and described, though not for the

first time, a third species of the curious Hemignathus.
In the meanwhile the celebrated expedition of Com-
modore Wilkes took place, and he, with some of his

ships, wintered there. In the course of their six months'

stay, the naturalists attached, Pickering and Peale, seem
to have made large collection^ ; but nearly all was lost

in the shipwreck of the Peacock, one of the ships of the

squadron. By 1848, Peale had completed his report on
the specimens of Mammals and Birds collected, and it

was printed off. A few copies only had been distributed,

when the rest were destroyed by fire. It was by no
means a bad performance ;

and I cannot understand why
the late Mr. Cassin made so many changes in it when he,

ten years later, brought out a new edition of it. Some
of them (I speak only of those relating to the Sandwich
Island fauna) were certainly not improvements. How-

ever, a distinctly forward step was made by the Peale-

Cassin labours, and since few can obtain access to the

original work, I may mention that Dr. Hartlaub con-

siderately published an abstract of it,^ just as two years
later he did^ of the French "Voyage au Pole Sud,"

wherein, having sorted out the different species observed

by various voyagers on the several Pacific groups, he

gave a useful list of those found on each, and thus he

assigned to the Sandwich Isles thirty species of birds,

marking two of them as doubtful. One of them is now
known to be rightly included, but the other must be

struck out, as well as, for one reason or another, four

more—leaving a total of twenty-five, only sixteen of which

are Land-birds and onlyfourteen Passeres.

Hitherto, nojist of the birds of the Sandwich Isles

had been published, so that Dr. Hartlaub's met a great

want, though it had, of course, been possible, since 1814,
for anyone to pick out for himself the species assigned to

that group from the general list compiled by Tiedemann

I In mentioning these facts, I desire to record my deep gratitude to the

authorities of both these Museums— Berlin and Philadelphia
—for their

obliging readiness in allowing me to have these valuable specimens, one of

them unique, for examination.
-
Archivfur Xatnrgeschichte, 1S52, Heft. i. pp. 93-138.

'^ JournalJiir Oridthologic, 1854, pp. 160-171.
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("Anatomie und Naturgeschichte der Vogel," ii. pp.

426-436), and, in like manner, since 1859, fi'ona Mr. G. R.

Gray's useful
"
Catalogue of the Birds of the Tropical

Islands of the Pacific Ocean," printed by order of the

Trustees of the British Museum, but the former was
obsolete, and the latter, as we now know, very erroneous.^

Mr. Gray's references show him to have been as usual a
model of accuracy, but his judgment as an ornithologist
was frequently at fault. It was, therefore, with great

pleasure that, some time in the winter of 1870-71, I re-

ceived a copy of a "
Synopsis of the Birds hitherto

described from the Hawaiian Islands," which had been
communicated in February 1869 to the Boston Society of

Natural History, by Mr. Dole, a resident in those islands,
and had been published in the Society's Proceedings
(xii. pp. 294-309) ;

and Mr. Sclater, who I knew had

long taken an interest in the ornithology of the group,
lost no time in noticing this very important pubhcation
{Ibis, 187 1, pp. 356-362), adding thereto some valuable
observations.- This list has naturally proved a service-

able foundation for future work. Forty-eight species
were included, the author stating that this number
"
probably comprises but little more than half the avi-

fauna of the group." That the list should be free from
error was not to be expected, and a revised version of it,

published in the " Hawaiian Almanack and Annual for

1879" (pp. 41-58), corrected some of the mistakes ; but
it was an honest piece of work, doing credit to its com-

piler. In the meanwhile, however, the historic voyage
of H.M.S. Challenger had commenced, and one of the

places at which she was to call was the Sandwich Islands.

Of course the main object of her voyage was the explora-
tion of the depths of the sea. Nevertheless, the terres-

trial zoology of the countries visited, though forming a

very subordinate part of the original plan, was not to be

wholly neglected
—nor was it in this case, for, during the

three weeks she stayed in Hawaiian waters (July 27 to

August 19, 1875), her officers availed themselves to some
extent of the opportunity of studying the ornithology of
the islands, though it does not appear that they had re-

ceived any special instruction in regard to our imperfect
knowledge of it. Here, then, was another great chance
lost ; for had those who drew up the directions for the
scientific members of the Expedition taken the trouble
to acquaint themselves with the particular points on
which investigation was needed, so as to indicate the
lines on which further research was desirable, no doubt
some one of the C/uille?igers staff would have supplied,
even in the short time of her stay, some of the missing
facts, or at least would have thrown some light on the

subject. As it was, the collection was reported as " small "

(24 bird-skins and no specimen in spirit), and "
contain-

ing nothing absolutely new except a single species of

Anas" afterwards named A. wyvilliana^ (Proc. Zool.

Soc, 1878, p. 350). Something more, however, may yet
be expected. The late Prof. Moseley, in his " Notes of a
Naturalist on the Challenger," states (p. 514) that the
last excursion on shore of his colleague, Von Willemos
Suhm, was at Hilo in Hawaii, with a native guide, "in

pursuit of the interesting endemic birds," and that
" almost the last notes he wrote were some on the Sand-
wich Islands, relating especially to the birds." These
notes do not seem to have been placed at the disposal of

' Many of its worst errors are doubtless due to the los=, before mentioned,
of the type specimens, which had been suffered by the Museum long before
Mr. G. K. Gray was connected with it. Latham, in 1821, had already
lamented their decay. It Is almost needless to add that such a loss is not
now, nor for many years has been, possible.

- Mr. Sclater was pleased to remark that this "memoir "had "es-
caped" my notice as editor of The Ibis. Herein he was in error. It

certainly did not come to my knowledge while I was discharging that duty,
and I doubt whether any copy reached England until after I had laid down
my office.

3 I do not venture to doubt the distinctness of this species, which had
before been mentioned as .;. ioscas, var. ; but its describer might have
shown more clearly wherein it differs from the well-known American A.
obscm-a, which seems its nearest ally.
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the ornithologists who described the specimens obtained

by the Challengerj but they can hardly have been

destroyed.

Having myself felt a good deal of interest in the avi-

fauna of the Sandwich Isles—which, like that of many
other islands throughout the world, was, as I had learnt,

threatened with extirpation, chiefly in consequence of the

destruction of the forests— I could not fail to be disap-

pointed at the meagre results obtained by our people on
this celebrated cruise, when it would have been so easy
for them to have done better had their attention been

duly called, and I cast about in several directions to find

some suitable person to visit the islands with the view of

investigating their ornithology in a thorough way. My
young friend Mr. Scott Barchard Wilson (son of the well-

known Mr. George Wilson, F.R.S.)
—^of whose taste for

natural history I was well assured by his residence in my
own College, by his journey to Portugal with Dr. Gadow,
and by his subsequent sojourn in Switzerland {Ibis,

i8«7, pp. 130-150)
—

wilHngly took up the enterprise, and
left Liverpool on February 24, 1887, for Honolulu, where
he arrived on April 8, having on his way paid a visit to

Washington to confer with Dr. Stejneger, whose name
had already appeared in connexion with the birds of the

Sandwich Isles. Mr. Wilson stayed in the islands until

towards the close of the following year. He brought
back such a collection as had never before been made
there ; but, rich as it was in some respects, defects

became apparent as it was gradually worked out, and
some of these defects are so grave that, until they are

remedied, no complete list of the avifauna can be formed.

I am deeply sorry that he has not been able to return ;

for, with his knowledge of what is wanted, it would be

more easy for him to fill up the lacunce than anyone
else ;

and I long hoped that he would pay a second visit

v/ith this object. However, he has done a great deal

more than anybody before him : he has ascertained the

precise localities of nearly all the birds hitherto known,
and added to them not inconsiderably—yyz^r/<?^« new

species or local forms of Passeres, ttuo of which required

generic acknowledgment—all, it needs not to say, being

peculiar to the islands, and mostly to one particular
island only. It can scarcely fail to be interesting that the

distribution in the group of the different genera and local

forms of Passeres should be shown, and this is best done

by the accompanying table.^

But Mr. Wilson was not content, as so many col-

lectors in foreign countries are, with preserving only the

skins of the birds he procured. He was careful to obtain

specimens in spirit of all the important existing types ;

and these, having been properly subjected to examina-
tion by Dr. Gadow, have led to some remarkable results
—the most remarkable that have been as yet made known
in regard to the birds of the Sandwich Islands, and

perhaps the most remarkable of those published during
the past year in regard to Ornithology at large. They
are contained in the dissertation I have already men-
tioned as being contributed by Dr. Gadow to Mr.
Wilson's work. Most of the land-birds of the Sand-
wich Islands had been at one time thought to belong to

the Melipliagida, or Honey-suckers
—a Family very cha-

racteristic of the Australian Region, and known to be

very polymorphic. It was thought to be still more so
;

and the surmise had been acted upon, so that some
Finch looking birds, Psittacirostra and Loxioides had
been supposed to be Honey-suckers in disguise, and

'
I have no desire to overlook the services of Mr. Valdemar Knudsen, of

Kauai, who sent thence to the United States National Museum several col-

lections, the most important of which was described by Dr. Stejneger in the

Proceedings of that institution for 1887 (pp. 75-102), the year of Mr. Wilson's

arrival in the islands. The Doctor's paper is of the exhaustive character to

which one is accustomed in all his productions, and has been of considerable

use in working cut Mr. Wilson's collections, while these have enabled the

latter to correct several mistakes—under the circumstances quite pardonable—made by the former, who subsequently described in the same Proceedings-

(xii. pp. 377-386) another collection from the same quarter.
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classed accordingly. Dr. Gadow has shown that this sup-

position is wholly erroneous, and that these last, together
with another form, Chloridops—or\e of Mr. Wilson's dis-

coveries—are true FringillidcE; while out of the whole

Hawaiian avifauna, only two genera can be referred to

the Meliphagidce
—
namely, Acrulocercus {Moho of some

writers) and Chcetopttla, the last being presumably

Table sJiowing the Distribution of Birds of the Order Passeres
in the Sandwich Islands.

CORVID^.
Corviis tropicus

Fringillid.5:—
Psittacirostra psittacea
Loxioides bailleui

Chloridops kona
' '

Frijtgilla "anna ...

Drepanidid^—
Loxops coccinea

,, flarnniea

Chrysomitridops cceruleirostris

Oreomyza bairdi

Himatione stejnegeri ...

,, parva
,, chloris

,, maculata ...

,, chloridoides

,, montana ...

,, kalaana ...

,, virens

,, mana
,, sanguinea..,
,, doHi

Vestiaria coccinea

Drepanis pacified.

Hemignathus procerus
,, lichtensteini ...

,, obscurus

,, hanapepe
,, lucidus

,, olivaceus

Meliphagid^—
Acrulocercus braccatus

,, apicalis

,, nobilis ...

ChcBtoptila angustipluma

TuRDlD^(?)—
Phceornis niyiadestina

,, lanaiensis ...

,, obscura

MUSCICAPID^—
Chasiempis (quaedem species non

delerminatse)

» t^ % ^ :^S;

* •

It

All the species above-named are peculiar to the group, i.e.

not found elsewhere. A *
indicates that the species inhabits

the island whose name heads the column. A t shows that the

species is believed to be extinct.

extinct. All the other forms which had been ac-

counted Meliphagine, present a peculiar structure of

tongue, forbidding that alliance, or any affinity to the

PrionopidcE^ Dicceidce, or Nectariniidce, but revealing a

distinct relationship to the Cccrebidce—^now known as a

Family characteristic of the Neotropical Region ! Hereby
a beam of light is thrown on the origin and derivation

of the ornithic population of the Sandwich Islands. The
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distinct inference is that the first stock of their existing
avifauna was received from America, in days when the

range of the Ccerebidce extended further to the northward
than it does at present, and that certain cognates or
ancestors of the present Ccerebidce colonized the islands,
there differentiating into the modern Drepanididce. The
importance of this inference on views which are held as
to the Geographical Distribution of Birds in North America
is a subject into which there is no need here to enter, for

that would be a subject foreign to my present remarks ;

but I doubt not it will receive due attention from American

ornithologists, whom it most nearly concerns. That
these colonists from what I would venture to term a
" Columbian" fauna— since it cannot be literally called a

Neotropical one, and is certainly not " Nearctic"—were
the earliest settlers which have left descendants one can

hardly doubt,fortheyhave existed in the Sandwich Islands

long enough to undergo a great amount of change. Sub-

sequently there has been a small infusion of blood from
the "Australian Region." I say subsequently, because
Dr. Gadow has shown that this immigration has under-

gone comparatively little modification. We have (or

had) the two Meliphagine genera, Acrulocercus and

Chcetoptila
—the latter, indeed, beyond anatomical exa-

mination, but showing no very great external devia-

tion from well-known Australian types ;
while the

former undoubtedly retains the normal Meliphagine
tongue. To these may be added Chasietiipis, a well-

marked genus ; but, without question, very nearly allied

to the genus Rhtpidura, so widely spread over the

Australian Region, and found also in New Zealand. Thus
three genera constitute, so far as I am able to see, the
" Australian " element in the avifauna of the Sandwich
Islands—and what are they among so many others?^
More recently than this Australian infusion, has super-
vened an influx of Hoiarctic types, and especially of the

Frtngillidce. Whether these have arrived from America
or Asia, I do not pretend to say ;

but the long chain of

islets running to the westward—one of which produces a
remarkable form {Telesptza catttans), the knowledge of

which we also owe to Mr. Wilson {Ibis, 1890, pp. 339-341,
Plate ix.)

—
suggests the possibility of an Asiatic origin,

a possibility confirmed by the consideration that his fine

Chloridops kona may be the magnified descendant of the

long-known Chloris kawarahiba, which has already an

enterprising relative, C. kittlitzi(lbis, 1890, p. loi), estab-

lished in the Bonin Islands. Still later must have been
the appearance on the scene of members of the genera
Corvus and Biiteo, both of which are, so far as is yet

known, confined to Hawaii,themost eastern of the islands,
and therefore suggest an emigration from the Nearctic
area. These have been settled long enough to assume

recognizable specific characters ;
but an apparently more

modern colonist exists in Asio accipitrinus, the common
Short-eared Owl ofAsia, Europe, and North America,which
extends its range over many islands in the Pacific Ocean,
so far at least as the Galapagos, and has found a perma-
nent home in the Sandwich Isles, breeding there, as it

would seem, regularly
—as it once did in England, and

would again, if permitted by the gamekeepers. More
than this, there is an indication that the tendency to

colonization from the Hoiarctic region still continues.

Within an hour or two of his leaving the islands, there

was sent to Mr. Wilson a freshly-killed example of Circus

hudsonius—the American Hen-Harrier—a species which
he had already ascertained to have before occurred in

the group ; but, not being recognized by Judge Dole, it

had been endowed with a new name, and figures in his

second list as Accipiter hawaii. The existence in con-
siderable numbers of a Californian species of Carpodacus
is thought, and no doubt rightly, by Mr. Wilson to be

' In connexion herewith may be noticed the absence of Parrots, King-
fishers, and Doves—all Families that are very characteristic of an "Austra-
lian

'

Fauna.
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due to human agency, and accordingly I do not attach

any importance to the fact
;

but there is one very

puzzling species, of which only a few specimens seem to

have been preserved, that needs particular attention.

This was described by Judge Dole under the name of
"
Fringilla aima" but, of course, is no true Fringilla.

Mr. Wilson brought home but a single specimen, which
he owed to the kindness of the Hon. C. R. Bishop, it

having been formerly in the Mills Collection ; and, I

believe, will establish for it a new genus, Ciridops
— so

named because its bright coloration recalls the well-

known Emberiza chis of Linnaeus, the Painted Bunting
of authors, or "Nonpareil" of bird-dealers. It is sup-

posed to be now extinct, but it was a truly native

species ;
it probably belongs to the fauna which I have

above called
" Columbian "

(for want of a better name) ;

but I cannot suppose it to have been so early a settler as

the Drepanididce ,
since it has changed so little. On the

genus Chasiempts I would offer only one remark, and
that is a word of caution to those who would, on the

evidence of from a couple to half-a-dozen of specimens,
or perhaps even on the evidence of a badly-coloured
plate, attempt to break it up into definable "

species."
There remains of land-birds the genus Phceornis, which
earlier systematists were inclined to put among the Fly-
catchers {Muscicapidcc). The examples in spirit, placed

by Mr. Wilson at Dr. Gadow's disposal, have enabled the

latter to set aside that view, and to show that, of all the

Families to which this genus has been supposed to be

allied, "it differs least from the Turdidce^' and he would

regard it
" as a generalized or rather primitive Thrush." ^

Of the water-birds I do not now propose to speak.

Though possessing very many points of special interest

to the ornithologist, so far as I understand them they
throw no particular light on the general questions I have

attempted to consider ;
and I would conclude this sketch

of the Ornithology of the Sandwich Isles by referring to

the unhappy tate of one of the most beautiful of their

birds—the "
Mamo," as I am told it was latterly called—

Drepanispacifica, one of the rarest species in collections,
and apparently wholly extinct. Until Mr. Wilson brought
the specimen which he has kindly given to this Uni-

versity, there seems not to have been one in the British

Islands since the dispersal of the Leverian Museum,
when two were bought by the Austrian agent, and are

now at Vienna. How many other specimens may exist

in the world I do not know, but the number can hardly
exceed half-a-dozen. The bird was destroyed for the sake
of its rich yellow feathers, used in former days to decorate
the state robes of the chiefs, and according to all accounts
a glorious sight one of those robes when in all its fresh-

ness must have been. As the species became scarce,
recourse was had to the yellow tufts of Acrulocercus

/lobilis, which in depth of colour are very inferior ; and
when the Drepanis had ceased to exist, the name "

O-o,"
which it seems to have borne in Cook's days, was trans-

ferred to the surviving species, according to a practice of

which I have observed several instances in other nations.

The^general similarity of coloration in Acrulocercus and

Drepanis is, indeed, obvious, and Dr. Gadow is inclined
to consider the latter to have been the imitating form.
If so, its mimicry has proved its destruction ;

but it clearly
could not have foreseen that fashion should ordain its

acquired yellow and black feathers to become desirable

commodities among the human race, and it would be
well to suspend judgment on this point. It had most

likely a very limited range, which would, of course,
hasten its end

;
and its two most conspicuous relatives,

the scarlet Vestiaria coccinea^ and the crimson Himaiionc

j-cz/z^wzVz^a,though in equal request for theirgaudy plumage,
still exist, inhabiting (as will be seen by the table) all the
islands that have been examined. How to account for

' A minute comparison with the New-Zealand Turnagra, if that be still

in the land of the living, would be desirable.
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the disappearance of Chcctoptila angustiplmna is beyond
my power. It has no attractive colouring, and yet is

declared to be extinct. The specimen given to us by
Mr. Wilson is, I believe, the only one ever brought to

Europe, and there seems to be but one (the type) in any
American Museum. In mentioning the former I must

acknowledge gratefully the generosity of Mr. Wilson,
who promised a complete set of his bird-skins to the
Museum of his old University on the completion of his

work, a promise that he will doubtless perform.
Finally, I would point out that the conclusions estab-

lished by Dr. Gadow's researches seem to coincide very
much with those arrived at by Dr. David Sharp and Mr.
Blackburn from their investigation of a small collection

of Hawaiian Coleoptera (Trans. Roy. Dublin Society,
series 2, vol. iii. Part 6). The entomological captures of

Mr. Perkins are therefore awaited with considerable in-

terest ; and still more valuable, perhaps, may be his con-

chological collections, for it seems doubtful at present
whether the Mollusks of the Sandwich Isles can be brought
into line with their Birds and their Beetles. There is

every chance of this question, among many others of

importance, being solved if Mr. Perkins is enabled to

prolong his stay for sufficient time ; but that depends upon
the financial support he may receive at home from the
two learned bodies which I have mentioned, and from
the Hawaiian Government and influential residents in

the Islands. Alfred Newton.
Cambridge, 13 February, 1892.

PROF. BUNSEN AND THE CHEMICAL
SOCIETY.

T T was announced at the last meeting of the Chemical
-

Society that it was proposed to present the following
address to Prof Bunsen, who has now been fifty years a

Foreign Member of the Society ;
and the wish was ex-

pressed that, among those who sign it, all who have
laeen his pupils should, as 'far as possible, be included.
Fellows of the Society who have been pupils of Prof.

Bunsen are requested to communicate with the Senior

Secretary before March 19, in order that they may receive
a form for signature.

To Privy Councillor Prof. Bunsen, Fellow of the Royal
Society.

Your Excellency,—Fifty years have elapsed since
the Chemical Society of London honoured itself by elect-

ing you one of its Foreign Members. Your name, and
that of your illustrious fellow-countryman Liebig, are, in

fact, first on a list which includes the most distinguished
cultivators of chemical science in every civilized country
of the world.

Our Society remembers with gratitude that you en-
riched the first volume of its Transactions by communi-
cating to it the results of your ever-memorable investiga-
tion of cacodyl and its compounds. That you should
have sent to us, in the first and most critical year of our

existence, a memoir which the chemical world will ever

regard as one of the classics of our science, is a signifi-
cant proof of the beneficent interest with which you
regarded our efforts to foster the growth of chemical

learning in this country.
Your masterly investigations, in collaboration with our

Fellow, Sir Lyon Playfair, on the gases evolved from iron

furnaces, made by methods which you were the first to

bring to perfection, greatly extended our knowledge of
the theory of the smelting of iron. By the permanent
benefit thus conferred on one of the most important of
our industries, you have largely augmented our national
wealth.

The half-century during which you have been asso-
ciated with our Society has been fruitful in great dis-
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coveries and important inventions. It has witnessed the

birth of new elements, the creation of new analytical

methods, and an extraordinary development in the in-

strumental resources of our laboratories. Chemists will

never forget that it is to your unwearied assiduity and

single-minded devotion that science owes some of the most
momentous of these discoveries, and some of the most
valuable of these inventions. Your investigations will

ever be regarded as models of the highest type of scien-

tific research, and the memoirs in which you have em-
bodied them shed an imperishable lustre on our literature.

Your methods of analysis are among the most common
of our manipulative operations, and the very furniture

and instruments of our laboratories are an ever-present

testimony to the obligations under which experimental
chemistry will always remain to you.

Many of our members are proud to be numbered
among your pupils, and those among them who have
become teachers, have, we trust, caught and transmitted

something, not only of the method, but also of the spirit,
in which they themselves were taught. They have an

abiding memory of your kindliness, of your constant and
unselfish devotion to their interests, and of the generous
sympathy and ready help which you extended to their

efforts to enlarge the boundaries of our science.

We, the undersigned Fellows of the Chemical Society
of London, now beg to offer you our heartfelt felicita-

tions on the occasion of your Jubilee as a member of
our body. It is our fervent hope that you may be able,
for many years to come, to enjoy in health and happiness
the leisure and repose which you have so justly and so

honourably earned.

NOTES.
The course taken by the Government with regard to a Teach-

ing University for London has met with general approval. The

proposed Charter, if it had been accepted, would have done

almost irreparable injury to the cause of higher education in

the capital. Now we have got rid of it, and the way is clear

for new and more carefully considered schemes. The Royal
Commission to which the question is to be referred will be free,

if it chooses, to examine the question whether, after all, the

institution needed by London might not be most readily and

most effectually obtained by the development of the existing

University. It may be hoped that on this and all other aspects
of the question full evidence will be taken. What is wanted is

that any recommendations which may be made by the Com-
mission shall be based on extensive and accurate information as

to the organization and the proper functions of Universities.

On this subject some very crude notions are still current in

England.

The sixth annnal Photographic Conference in connection

with the Camera Club will be held in the theatre of the Society
of Arts, on Tuesday and Wednesday, March 22 and 23,-«under

the presidency of Captain W. de W. Abney, F.R.S. All

photographers are invited to take part in the Conference.

The Botanical Society of France will hold an extraordinary

meeting at Biskra, Algeria, during the first half of April.

A Royal Commission has been appointed to consider the

question of the water supply of London. Its task will be to

inquire whether the present sources of supply are adequate in

quantity and quality, and, if inadequate, whether such supply
as may be required can be obtained within the watersheds of

the Thames and the Lea, or must be obtained elsewhere.

Among the members of the Commission are Sir Archibald

Geikie and Prof. James Dewar.
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A NUMBER of gentlemen, representing institutions interested

in science-teaching, recently applied to the Vice-President of

the Committee of Council on Education for permission to wait

upon him with reference to the changes indicated in the circular

issued by the Department of Science and Art, dated November

12, 1891. In answer to a question put by Mr. Schwann, Sir

W. Hart Dyke stated in the House of Commons, on Tuesday

evening, that he had informed the deputation that he did not

think any good purpose would be served by his receiving them.

He was, however, willing to reconsider the matter. Sir William

expressed his belief that the changes announced in the circular

would greatly stimulate more advanced scientific instruction.

The minute had been well received in the better schools.

A NEW "Jahrbuch der Chemie "
is to be issued by the

German publisher, H. Bechhold, Frankfort. It will be edited

by Prof. R. Meyer, who has secured the co-operation of many
eminent men of science. The intention is that the progress of

pure and applied chemistry shall be recorded every year in a

connected series of articles.

Dr. M. C. Cooke announces that, with the next number of

G7-evillea, his connection with it as editor and proprietor will

come to a close, and it will rest with others whether the journal

is to be continued. Grevillea is "A Quarterly Record of

Cryptogamic Botany and its Literature.'' With the next

number it will have completed its twentieth volume.

Dr. B. Arthur Whitelegge will begin at the Royal In-

stitution, on Thursday, March 24, a course of three lectures on

epidemic waves. In the first lecture he will deal with cyclic

waves; in the second (March 31), with superadded waves; in

the third (April 7), with pandemic waves.

The fifth ordinary meeting of the Egypt Exploration Fund

was held last Friday, Sir John Fowler presiding. The balance-

sheet was one of the most satisfactory ever presented to the

members. The Fund, it was pointed out, was now used in two

classes of operations—surveying and excavating ;
and both

"seemed likely to be very successfiil." In the course of a brief

discussion on the report, reference was made to "the generous

contributions which had been handed to the Fund from America,

in comparison with those received from England."

The half-yearly general meeting of the Scottish Meteoro-

logical Society was held at Edinburgh on Monday, March 7.

The following was the business :— (i) Report from the Council

of the Society; (2) changes in the temperature of Scotland

since 1764, by Dr. Buchan ; (3) on the squall of February i,

1892, by R. C. Mossman ; (4) sunshine values at the Ben Nevis

Observatory, by R. C. Mo-s nan.

Mr. E. J. Stone, F.R.S ,
and Mr. A. G. Vernon Har-

co.iit, F.R.S., have been elected members of the Athenaeum

Club, under the rule which provides for
" the annual introduc-

tion of a certain number of persons of distinguished eminence

in science, literature, or the arts, or for public services."

The fifieenth Convention of the National Electric Light

Association, lately held at Buffalo, U.S., seems to have been

unusually successful. This is attributed by the American

journal Electricity to the fact that at previous meetings mem-

bers attended
" not for business but for pleasure." The counter-

attractions were so varied and fascinating that it seems to have

been difficult
" to obtain a creditable attendance on the reading

of the papers and the transaction of business." "The plan of

doing away with these outside attractions," says Electricity,

"was therefore an experiment, but so successful did it prove in

this instance, that this last Convention will go down in history

as 'the business Convention,' unless the increased success of

succeeding meetings shall make it necessary to give this one the

more specific title of ^^q first business Convention.'
"
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The Natural History Society of Buda-Pesth is stated to

number 7800 members. A special botanical meeting of the

Society will in future be held monthly, under the presidency of

Prof. Juranyi.

The section of vegetable pathology of the .botanical division,

in the U.S. Department of Agriculture, was recently made a

separate division by Act of Congress. The authorities of the

new division decided to begin a fresh series of publications ;

and they have taken the first step towards the fulfilment of their

purpose by the publication of an important Bulletin, by Dr. E. F.

Smith, presenting "additional evidence on the communicability
of peach yellows and peach rosettes.

"

Japan has no fewer than 700 earthquake-observing stations

scattered over the Empire, and the Tokio correspondent of the

Times is of opinion that they are al! needed. He points out

that not only are the Japanese shaken up by fully 500 earth-

quakes every year—some of them more or less destructive—-but

at intervals there comes a great disaster, amounting, as in

the earthquake of October 28, 1891, to a national calamity.

Japanese annals record twenty-nine such disasters during the

last 1200 years.

A SEVERE earthquake shock, lasting twelve seconds, was felt

at Napa, California, on March 13, at 8.30 a.m. The direction

-of the vibration was from north to south.

A CORRESPONDENT at Lcon writes to us of an earthquake
which was felt in Nicaragua on February 6. He speaks of a

connected series of longitudinally oscillating progressive seismic

waves, which lasted about ninety-two seconds. They were

^ parallel with, and near, the cones and masses of volcanic ejecta

which extend, with some interruptions, between the volcanic

groups in the States of Salvador and Costa Rica. The earth-

quake began at 10. 10 p.m.

Prof. Hellmann, of Berlin, to whom we are indebted for

many painstaking investigations into the origin of meteorological
instruments and observations, has contributed to the Zeitschrift

fiir Luftschiffahrl for January an article' on the first balloon

voyage made for scientific purposes. The works on the subject
of ballooning, of which there are many, state that the first was

by Robertson and Lhoest in 1803. and the next in the following

year, by Biot and Gay-Lussac. But this is not correct; the

honour undoubtedly belongs to Dr. John Jeffries, of Boston

(Mass.), who had for some years lived in this country. In 1786
he published a book (60 quarto pages and 2 plates), entitled,
** A Narrative of the Two Aerial Voyages of Dr. Jeffries with

Mons. Blanchard ; with Meteorological Observations and Re-
marks." The first voyage was on November 30, 1784, from

London to Dartford (Kent), and the second, on January 7, 1785,
across the English Channel. A paper containing the results

was read before the Royal Society in January 1786. The
barometer taken was made by Jones, of Holborn, and read to

18 inches. The heights reached in the two voyages were about

9200 feet and 4500 feet respectively. The latter height was
obtained trigonometrically by an officer at Calais, while the

balloon lay stationary over the mid-Channel.

The Recoi-d of Technical and Secondary Education, published

monthly, can scarcely fail to be of service to all who interest

themselves in educational progress. The number for March

includes, besides editorial notes, accounts of County Council

schemes and reports, scholarship schemes, recent progress in

various districts, agricultural college for the south-eastern coun-

ties, and the financial management of the technical instruction

fund. There are also instructive "
miscellanea."

A WRITER in the Mediterranean Naturalist for March notes

that no attention has hitherto been given to the fact that
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certain species of birds prefer certain trees. He says :
—

"It is a remarkable fact that, notwithstanding the volu-

minous literature that has been written on birds and their

habits, no writer has noticed the preference that certain species

of birds give to certain trees. Jays and rooks are found in the

greatest number in oak-trees ; finches, in lime-trees ; and black-

caps among laurels. The nightingale is always found in the

greatest numbers in nut-groves, while the thrush evinces a

decided preference for the birch and ash. The beech is the

favourite tree of the woodpecker ; and the numerous families of

tits are generally found in the greatest abundance among the

blackthorn."

Mr. W. M. Gqldthwaite, New York, is publishing a new

monthly magazine called Minerals. The second number has

been sent to us. It contains many short papers, in which inter-

esting facts relating to various classes of minerals are presented

in a bright and popular style.

Messrs. J. and A. Churchill have issued a fifth edition of

Dr. A. Tucker Wise's "
Alpine Winter in its Medical Aspects."

The work has been condensed and rewritten in many places.

The U.S. Commissioner of Education has issued his Report
for the year 1888-89, and, if it cannot be described as light read-

ing, it is certainly a most instructive and useful work. It consists

of two large volumes, and includes a number of chapters in which

education in the United States is compared with that of England,

France, Germany, and other countries. A full account is also

given of normal schools, manual training schools, courses of

study, &c. The second volume consists of "detailed statistics

of educational systems and institutions, with comments and

discussions."

The peculiar milk-ferment known as "kefyr" or "kephir"
has been supposed to be peculiar to the Caucasus and other

parts of Eastern Europe and Western Asia. Mr. C. L.

Mix has found a yeast apparently identical with it in use in

Canada and the United States. It occurs in the form of small

granules of a dirty brown colour, which retain their vitality for

a long period, and consist of a small proportion of yeast-cells

embedded in zoogloea-like masses of rod-shaped bacteria. The

yeast-cells increase by budding, and no formation of spores has

been detected in them. They do not invert cane-sugar like

ordinary beer-yeast, but they cause alcoholic fermentation in

milk-sugar or lactose and in dextrine, not in cane-sugar or

saccharose. The bacteria are short cylindrical rods with homo-

geneous protoplasm, developing under cultivation into lepto-

thrix-like filaments in which spores are formed. They appear
to take no part in the fermentation, remaining almost entirely

embedded in the zoogloea-masses during the process.

Herr W. Belajeff has communicated to the Berichte of the

German Botanical Society a paper on the " Pollen-tube of

Gymnosperms," which, if his observations—made on Taavw and

Juniperiis
—are confirmed with regard to other members of the

class, will greatly modify the accepted view as to the morpho-

logy of the different parts of the pollen-grain. Hitherto, the

two or three small cells in the pollen-grain have been regarded

as a survival of the male prothallium of the microspore. Bela-

jeff shows that this cannot be the case, as they are cut off in

succession from the large cell. Moreover, he states that it is

not, as is usually supposed, the nucleus of the large cell which

fertilizes the oosphere in the archegone, but the nucleus of one

of the small cells. When the pollen-tube begins to develop,

one of these small cells becomes detached and wanders down the

tube. Its membrane becomes absorbed ;
its nucleus overtakes

that of the large cell and divides into two
;
and it is one of these

two daughter-nuclei of the wandering small cell, together with
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the protoplasm which surrounds it, that fuses with the nucleus

of the oosphere in the archegone. The other small cell becomes

entirely disorganized.

It sometimes happens that peat bogs swell and burst, giving

out a stream of dark mud. Herr Klinge has made a study of

this rare phenomenon {Bot. Jahrb.), of which he has found only

nine instances, in Europe, between 1745 and 1883 (seven of these

being in Ireland). Heavy rains generally occur before the phe-

nomenon, and detonations and earth vibrations precede and

accompany it. The muddy stream which issues, of various

fluidity, rolls along lumps of peat, and moves now more quickly,

now more slowly. After the outbreak, the mud quickly hardens,

and the bog sinks at the place it appeared, forming a funnel-

shaped pool. The bogs considered by Herr Klinge have been

almost all on high ground, not in valleys. He rejects the idea

that the effects are due to excessive absorption of water by the

bog. The peat layers, which often vary much in consistency,

have each a certain power of imbibition, and the water absorbed

does not exceed this limit. Excessive rain affects chiefly the

upper layer not yet turned into peat and the cover of live vege-

tation, which get saturated like a sponge, after which the water

collects in pools, and runs off in streams. The theory of gas

explosions is also rejected ;
and the author considers the real

cause to lie in land-slips, collapses, &c., of ground under the

bog, permitting water or liquid mud to enter. This breaks up

the bog mechanically, mixes with it and fluidifies it, and an out-

burst at the surface is the result. The limestone formations in

Ireland, with their large caverns and masses of water, are

naturally subject to those collapses, which, with the vibrations

they induce, are more frequent in ]wet years. The heavy rains

preceding the bog eruptions are thus to be regarded as only an

indirect cause of these. Herr Klinge supposes that similar erup-

tions occurred in past geological periods, e.g. the Carboniferous,

in some cases where fossil tree-stems are found in upright

position.

The geographical position of Mount St. Elias is of consider-

able popular interest in connection with the boundaries of

Alaska. Mr. Israel C. Russell refers to the subject in a report

published in the new number of the American National Geo-

graphic Magazine. In the convention between Great Britain

and Russia, wherein the boundaries of Alaska are supposed to

be defined, it is stated that the boundary, beginning at the south,

after leaving Portland Channel, shall follow the summit of the

mountains situated parallel to the coast as far as the 141st meri-

dian, and from there northward the said meridian shall be the

boundary to the Arctic Ocean. Whenever the summit of the

mountains between Portland Channel and the 141st meridian

"shall prove to be at the distance of more than ten marine

leagues from the ocean, the limit between the British possessions

and the line of coast which is to belong to Russia, above men-

tioned, shall be formed by a line parallel to the windings of the

coast, and which shall never exceed the distance of ten marine

leagues therefrom." As Mount St, Elias is approximately in

longitude 140° 55' 30" west from Greenwich, it is therefore only

4' 30" of longitude, or 2,\ statute miles, east of the boundary of

the main portion of Alaska. Its distance from the nearest

point on the coast is 33 statute miles. There is no coast range

in South-Eastern Alaska parallel with the coast within the limits

specified by the treaty, and the boundary must therefore be con-

sidered as a line parallel with the coast, and ten marine leagues,

or 34^ statute miles, inland. The mountain is thus \\

miles south of the boundary, and within the territory of

the United States. Its position is so near the junction of the

boundary separating South-Eastern Alaska from the North-West

Territory with the 141st meridian, that it is practically a corner

monument of the American national doaaain.
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A NEW and very simple mode of synthesizing tartaric acid

has been discovered by M. Genvresse, and is described by him

in the current number of the Comptes rendus. It will doubtless

be remembered that, some years ago. Dr. Perkin and Mr.

Duppa prepared tartaric acid artificially by treating di-brom-

succinic acid with hydrated oxide of silver, and this operation

became the final stage of a complete synthesis from the element-

ary constituents, when, a short time afterwards. Prof. Maxwell

Simpson succeeded in preparing succinic acid by the action of

caustic potash upon the di-cyanide of ethylene. M. Genvresse

now shows that tartaric acid may be directly synthesized by the

action of nascent hydrogen upon glyoxylic acid, CHO—COOH,
the curious compound, half aldehyde, half acid, derived from

glycol, and hence directly from ethylene. If we double the formula

of this acid, and add two atoms of hydrogen, we arrive at tar-

taric acid, COOH—CHOH—CHOH—COOH, and this is found

to be capable of realization by reacting upon glyoxylic acid with

nascent hydrogen liberated in its midst by the action of acetic acid

upon zinc dust. A mixture of glyoxylic and acetic acids, the latter

diluted with an equal weight of water, in the proportion of one

molecule of glyoxylic to three molecules of acetic acid, was

treated in small quantities at a time with zinc dust, at first at

the ordinary temperature, and finally over the water-bath. The

liquid was then filtered, and the zinc in solution removed by

means of potassium carbonate. The clear liquid was then

mixed with calcium chloride solution, and after removal of any

calcium carbonate precipitate, a white crystalline precipitate com-

menced to separate. This precipitate was found to yield all the re-

actions of a tartrate, such as silvering glass when gently warmed

with ammonia and silver nitrate. Its analysis gave numbers

indicating the formula C4H4Ca06 4- 4H2O, which is the com- ^

position of ordinary tartrate of lime. By treating this salt

with the calculated quantity of sulphuric acid diluted with

twenty times its volume of water, filtering off the preci-

pitated calcium sulphate and evaporating the filtrate over oil

of vitriol, the acid itself was, obtained in large crystals. It is

interesting to find that the tartaric acid obtained by this mode

of synthesis is the optically inactive variety known as racemic

acid, there being apparently equal numbers of molecules of both

the dextro and laevo varieties produced. The crystals conse-

quently do not show hemihedral faces ; the angles observed

corresponded with those observed by Provostaye and by Ram-

melsberg in the case of racemic acid. It may be remarked that,

as the product of the synthesis of Dr. Perkin and Mr. Duppa, a

mixture of racemic acid with the truly inactive tartaric acid, in

which neutralization within the molecules themselves occurs,

was obtained. This new synthesis of tartaric acid from gly-

oxylic acid would appear to throw some light upon the natural

formation of tartaric acid. For, remembering the close relation-

ship between glyoxylic and oxalic acids, which latter we know

to be one most readily formed in vegetable tissues, and the re-

ducing agencies which appear to be connected with chlorophyll,

we have all the means at hand to account, in view of the

work of M. Genvresse, for the natural synthesis of tartaric

acid.

The additions to the Zoological Society's Gardens during the

past week include a Common Squirrel {Sciurus vulgaris),

British, presented by Mrs. Crick; a Merlin {Falco asalon),

European, presented by Mr. T. A. Cotton ;
a Blue Titmouse

{Parus ccsruleus), British, presented by Captain Salvin ;
two

Blossom-headed Parrakeets {^Palceornis cyanocephalus) from India,^

presented by La Comtesse Cottrell ; a Green Monkey {Cerco-

pithecus callitrichus i ) from West Africa, deposited ; a

Hawk {Astnrina sp. inc. ) from South America, purchased ;

four Yellow-bellied Liothrix {Liothrix luteus) from India, re-

ceived in exchange ; sixteen Puff Adders { Vipera arietans), born

in the Gardens.
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OUR ASTRONOMICAL COLUMN.

Solar Investigations.—Astronomy and Astro-Physics for

February contains a short note by Prof. Hale, to the effect that

photographs have been taken at Kenwood Observatory, showing
the H and K lines reversed in regions widely distributed over

the sun's disk. These regions closely resemble faculse in

appearance.
At the meeting of the Paris Academy on March 7, Prof.

Tacchjni communicated a paper on the distribution in latitude

of the solar phenomena observed at the Royal Observatory of

the Roman College during the second half of last year. Pro-

minences have been more frequent in the northern hemisphere
than in the southern, although in the preceding half-year, and

in 1889 and 1890, they were more frequently observed in the

southern solar hemisphere. The zones of maximum frequency
occurred between latitudes 40° and 60°. Faculse also have been

most numerous north of the equator, and the zone of maximum

frequency of these phenomena appears to be between latitudes

10° and 30°. Spots have been most abundant north of the

equator, with a maximum frequency in the same zones as

faculse.

In the Comptes rendtts containing Prof. Tacchini's results,

occurs also a note by J. Fenyi, on a remarkable prominence
observed at Kalocsa, on February 19, as the recent large spot-

group was passing over the sun's limb.

New Double Star, 26 Aurig/E.—In a communication to

the Astronomical Joiirttal, No. 256, Mr. S. W. Burnham re-

cords the discovery that 26 Aurigae is a close double star, made

up of two nearly equal components. His measures of position-

angle and distance for i892'0 are 344°'4 and o"*i5 ;
and of

magnitudes, 5 '6 and 6'0. The distance very probably never

exceeds a quarter of a second, or the duplicity of the star would
have been noticed by many observers of the distant companion
discovered by Herschel in 1783.

Rotation of Jupiter.—Writing in the March number of

the Observatory, Mr. Denning notes that his observations of one
of the chief dark spots in Jupiter's north temperate belt, for the

period from August 21 to November 3 (180 rotations), gave the

mean period of rotation 9h. 49m. 36'9s. Observations of the

red spot, from August 7 to February 2 (432 rotations), indicate

a mean period of 9h. 55m. 42 '25. The value obtained during
the opposition of 1890 was 9h. 55m. 40 '25., so that the motion
of rotation of the red spot would appear to have slackened by
two seconds. Since the period of rotation derived from this

spot is now 6m. 5s. longer than that given by the dark spots on
the north temperate belt, the latter revolves around Jupiter,

relatively to the former, in 40J days.

The New Star in Auriga.—In No. 3078 of the Astrono-
mische Nachrichten are recorded three communications relative

to this Nova, two of which refer to its position, while the third

deals with its spectrum. The observations of the last-named
were made at the Astro-physical Observatory in Hereny, Ungarn,
by Herrn Eugen and Gothard, previous to February 15. On
the loth and 13th of the same month the following lines were
observed :

—
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his ballistic tables ( 1 88 1 ). But Mayevski appears to have recently

become a disciple of Krupp, from the diagram in Nature,
August 28, 1890 (p. 411), where the dotted line (i) represents

roughly the resistance of the air to ogival-headed projectiles

given in my
" Final Report," 1880 ;

line (2) represents the law

of resistance deduced from these results by Major Ingalls, of the

United States Artillery, which is similar to the law deduced by
me (Nature, April 29, 1886, p. 605) ; and line (3) represents

the results Mayevski professes to have deduced from Krupp's

Meppen experiments. My law of resistance has been very

closely followed throughout by Mayevski, as is evident from the

diagram above referred to, which is suggestive of a free use of

the parallel ruler. The main object of these proceedings seems

to have been to persuade the world, and the Americans espe-

cially, that Krupp guns are far superior to English guns, regard

being had to the initial steadiness imparted by them to their

projectiles. But this claim is unworthy of notice so far as it

depends upon the Meppen experiments with chronoscopes, the

patent defects of some of which were pointed out in Nature,
April 29, 1886 (p. 606). If, however, Government consider this

matter worthy of investigation, there are simple practical methods

of determining the comparative steadiness of projectiles fired

from two or more guns.
At present, my concern is with English guns only, and I wish

to point out, as briefly as possible, (1) that my results obtained

from English guns are quite correct
; (2) that the coefficients of

resistance for each round are expressed by such a short unit of

time that they are made to appear more irregular than they are

in reality, while the variation in their value is just what experi-
ment leads us to expect ;

and (3) that when my mean coefficients

zxe^fairly used to calculate results of ^i^w/ experiments made with

recent English guns, in calm weather, the agreement between

calculation and experiment is perfectly satisfactory.

My chronometric arrangements were made with a view to

guard against the errors cf remaining magnetism, which is the

chief source of error in the measurement of extremely short

intervals of time by the help of electro-magnetism. All the

time-records were made by one electro-magnet, whose galvanic
current was interrupted once a second by the swing of a half-

seconds clock pendulum ;
and all the screen records were made

by another electro-magnet, whose galvanic current was being

rapidly interrupted by a self-acting contact-breaker, till the pull

of the lanyard turned off the contact-breaker, and then fired the

gun, after which the shot momentarily interrupted the galvanic
current as it passed each of ten or more equi-distant screens.

Also care was taken to reduce the strength of the galvanic cur-

rents, so as to leave each electro-magnet only just sufficient power
for the performance of its appointed work. Under these circum-

stances it may be safely assumed that, if there were any errors

arising from remaining magnetism, in either clock or screen

records, they would be cotislant in each case, and therefore they
would have no injurious effect on the result obtained. The
records on a 4-inch cylinder were read off by a vernier to the

1/3000 of its circumference ; but as the scale of time was in

general only 9 or 10 inches to the second, it may be concluded

that the records were read off to the 1/2000 of a second at

least.

The accuracy of the time and of the screen records was

tested by differencing, when slight adjustments were applied to

render the first and second order of differences regular to an

additional place of decimals. The following is a list of the

adjustments so applied in seven successive rounds, 146-152,
which are fair samples of those applied in the other rounds

(1867-68). They are expressed in decimals of the unit read off

by the vernier, or of the 1/2000 of a second. In round 258 an

example is given of the correction of an occasional erroneous

record at screen 6 :
—

Round
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laling by the general tables the time of flight over the range

already obtained, and also the striking velocity, it is found that

the general tables may be used for elevations of the 4-inch gun
as high as 15°, or even more, with a muzzle velocity of 1900 f.s.

In this way the merest tyro may test my coefficients for his own
satisfaction by calculating the times of flight over ranges of two
or three miles given in any good range table for a high muzzle

velocity. The following are the results of such testing, using
the full extent of the range table of the 4-inch B. L. gun, chosen

by the authorities. Muzzle velocity, igoof.s. ; weight of ogival-
headed shot (two diameters), 25 pounds :

—

Range
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too small to be appreciable, to one of a degree of arc or even

more. . . . It also varies somewhat with the angle of elevation."

In one of his examples he supposed the jump to be 22 to 23
minutes. Although the jump and vertical drift are uncertain in

amount, they have considerable influence on the range and time

of flight, and on this account the calculation of trajectories is a

decidedly unsatisfactory method of testing the coefficients of

resistance of the air to elongated projectiles.
In the early days of elongated projectiles the vertical drift

caused by the " kite-like action
"
of the shot was duly recognized,

but of late this disturbing force has been commonly ignored.
For now, when a calculated range is shorter than the experi-
mental range, it is at once assumed that the theoretical resistance

is too high. This resistance is forthwith reduced so as to make
the calculated agree with the experimental ranges, but seldom

is any care taken to compare the time of flight calculated with

this reduced resistance with the experimental time. It ought,

however, to be remembered that, while a reduction of resistance

increases the range it diminishes the time of flight over a given

range. Major Ingalls has given a complete example of this

method of correcting my resistance (Problems, &c., p. 151).
For elevations of

2°, 4°, 6°, 8°, and 10°,

he found it necessary to reduce my coefficients by

4'5 2'3 5'2 8'i 9.7 percent.,

in order to obtain the experimental ranges by calculation ; and
these r^«';/c^rt' resistances gave the calculated times of flight (00

short by
o""09 o"-i2 o"'i3 o""26 and o"'42,

which proves clearly that the theoretical resistances had been

~too much reduced throughout. Also, if the method of cor-

rection pursued in the above example was correct, it would
follow that the coefficient of resistance is a function of the

elevation, which is simply absurd.

On the other hand, suppose we correct the elevation so as to

make the calculated agree with the experimental range, which
seems to me to be a satisfactory approximate correction in such

cases. A careful calculation of the trajectory of an ogival-
headed shot (two diameters) fired from the 4-inch B.L. gun, at

an elevation of 15°, gave a range of 6448 yards (185 yards too short

by the range table), and time of flight 20" '46 (i"*io too short),

the density of the air having been supposed to vary with the

height of the shot. Now, corresponding to an elevation of

14° 16', the range table gives a range of 6448 yards, and time

•of flight 2o"'53. If we suppose that the elevation of the gun,

14° 16', was practically increased by 44' by jump and vertical

drift, we obtain an elevation of 15° for the initial direction of

the shot. But, according to calculation, for an elevation of 15°
we have found the range 6448 yards exactly, and the time of

flight 2o"'46, which is only -o"'07 in error, and the calculated

horizontal striking velocity is 646 f.s. This, I maintain, is the

proper method of correction, because it corrects both range and
Xime of flight, when there is no wind. Using the general tables

and the horizontal muzzle velocity, the calculated time over

€448 yards is found to be 20" 53, and horizontal striking velo-

city 647 f.s., where t = 0*967, the mean density of the air, as

the projectile would rise to a height of 1800 feet.

If the above be a correct view of what takes place, it follows

that the axis of the shot during its flight is inclined at such a

small angle to the direction of its motion, that the resistance of

the air to its forward motion is not sensibly greater than when
it moves in the direction of its axis. But small as this angle
must be, we find evidence of the marked effect of the lateral

action of the air in causing the shot to drift to the right towards
the end of the range. It is therefore to be expected that the

resistance of the air, acting from below on the shot, soon after it

leaves the gun will raise the shot upwards, and cause it to

move as if it had been fired at an elevation a little greater than

that at which the gun was laid.

The Ordnance Committee fired some ogival-headed projectiles
from a 9 2-inch wire gun at high elevations in 1888, professedly
to try whether calculations of trajectories at very long ranges are

trustworthy. But before experimenting they invited calculators

to furnish them with the calculated range and time of flight of a

380-pound elongated shot fired at an elevation of 40° with a

muzzle velocity of 2360 f.s. My calculations for an ogival head,
struck with a radius of one diameter and a half, gave a range of

19,436 yards, and time of flight 62" 15, which were sent in in
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March 1888. Allowing 300 yards forjump and vertical drift, I ob-
tained a range of 19,736 yards. In April two rounds were fired

with a velocity of 2375 f.s. at an elevation of 40°, which gave
ranges of 21,048 and 21,358 yards. My reply to this announce-

ment, by return of post, was that the ranges were about 1500
yards too great. In July the experiment was repeated, which

gave ranges of 20,236 and 20,210 yards, being a reduction of
near loco yards. Two rounds fired at an elevation of 30° gave
ranges of 17,500 and 18,344 yards ; two at 35° gave ranges of

19,420 and 18,963 yards ;
and one at 45° gave a range of 21,800

yai'ds. The times of flight have not been published. These

great variations in range were due in part to unsteadiness in the

motion of the shot, but chiefly to the prevalence of high favour-

able winds.

In order to test guns or coefficients 01 resistance in a satisfac-

tory manner, cabn weather is absolutely necessary. And if the

shot is expected to rise to a height of two or three miles, trial

balloons ought to be sent up to test the state of the currents in

the higher regions. Afterwards, when good mean results of

experiments have been obtained, then, and not till then, may
these mean results be used to test the results of calculation.

Experiments ought not to be made at all unless precautions

necessary to secure a correct result can be taken.

I have calculated a complete range table for the 9"2inch gun
for elevations 1° to 45°, according to the original programme
of the Ordnance Committee (Nature, September 13, 1888,

p. 468), where the net results of calculation have been given.
These ranges will require an addition perhaps of about 2 per
cent, for jump, vertical drift, &c., and a further i percent, if

the ogival head be struck with a radius of two diameters instead

of one and a half, and the increment of time must be ruled by
this increment of range.

My sole object having been to obtain the correct law of re-

sistance of the air to the motion of projectiles, I was always

ready to consider any proposed correction. But my results,

obtained from numerous and most exact experiments, could be

changed only on perfectly satisfactory evidence. That evidence

I have failed to obtain in any single case, so that my results

remain practically the same as they were given in my original

reports, 1868-80. I have recently published a revised account

of all my experiments, accompanied by newly calculated general

tables, for both English and French measures, and other tables

required in the calculation of trajectories, according to the

results of modern analysis. ^
With these helps I have now

thoroughly tested my final results by the use of range tables of

the 4-inch, 6 3-inch, and 12-inch guns, with the most gratifying
results. And Major McClintock, R.A., has tested my coeffi-

cients for small-arm bullets, with very satisfactory results (Proc.

R.A. Inst., xii. 569). This evidence of the accuracy of my
results is the more valuable because it is derived from Govern-
ment experiments, made for other purposes, which have mani-

festly been carried out with great care and ability. Anyone so

disposed has the means to re-examine the whole matter for

himself. If there be not some error in my calculations, it

appears that my results do not admit of any real improvement,
and consequently my labours in this matter may be considered

to have reached a satisfactory conclusion.

F. Bashforth.

FORTHCOMING SCIENTIFIC BOOKS.
'T'HE following is a list of scientific works which will be
'- issued by various publishers in the course of the spring :

—
Messrs. Macmillan and Co.:— "Essays on some Contro-

verted Questions," with a Prologue, by Prof. Huxley ;

"The Beauties of Nature," by Sir John Lubbock, F.R.S.,

illustrated; "Island Life; or. The Phenomena and Causes

of Insular Faunas and Floras," including a revision and

attempted solution of the problem of geological climates,

by A. R. Wallace, with illustrations and maps, new and

cheaper edition ;

" The Apodidae," a morphological study,

by Henry M. Bernard, illustrated (Nature Series); "Ex-

perimental Evolution," by Henry de Varigny ; "The Diseases

of Modern Life," by B. W. Richardson, F.R.S., new and

cheaper edition; "The Geography of the British Colonies"—
"Canada," by George M. Dawson, "Australia and New
Zealand," by Alexander Sutherland (Macmillan's Geographical

Series); "Scientific Papers," by Oliver Heaviside; "The Algebra
of Co-Planar Vectors and Trigonometry," by R. B. Hayward,
F.R. S., Assistant Master at Harrow; "Key and Students'
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Companion to Higher Arithmetic and Elementary Mensura-

tion," by P. Goyen, Inspector of Schools, Dunedin, New
Zealand; "Arithmetic for Schools," by Barnard Smith, late

Fellow and Bursar of St. Peter's College, Cambridge ; carefully
revised in accordance with modern methods by W. H. H.
Hudson, Professor of Mathematics, King's College, London ;

"Blowpipe Analysis," by J. Landauer, authorized English
edition by J. Taylor and W. E. Kay, of the Owens College,
Manchester, new edition, thoroughly revised with the assistance

of Prof. Landauer; "Nature's Story Books," I. "Sunshine,"
hy Amy Johnson, illustrated.

The Clarendon Press:— "Mathematical Papers of the late

Henry J. S. Smith, Savilian Professor of Geometry in the

University of Oxford," with portrait and memoir, two vols. ;

"Plane Trigonometry without Imaginaries," by R. C. J.

Nixon; "A Treatise on Electricity and Magnetism," by J.

Clerk Maxwell, new edition ;

" A Manual of Crystallography,"
by M. H. N. Story-Maskelyne ; "Elementary Mechanics," by
A. L. Selby ;

" Weismann's Lectures on Heredity," Vol. II.,

edited by E. B, Poulton, F.R.S. ;

"
Epidemic Influenza," by

F. A. Dixey.
The Cambridge University Press :

—" A Treatise on the

Mathematical Theory of Electricity," by A. E. H. Love,
Fellow of St. John's College, Cambridge, two vols., Vol. I. in

the press; "The Origin of Metallic Currency and Weight
Standards," by W. Ridg^eway, Professor of Greek, Queen's
College, Cork, and late Fellow of Gonville and Caius College ;

"Solutions of the Examples in 'A Treatise on Elementary
Dynamics,'

"
by S. L. Loney, formerly Fellow of Sidney

Sussex College, Cambridge.
Messrs. Longmans and Co.:—"Darwin and after Darwin :

an Exposition of the Darwinian Theory, and a Discussion of

Post-Darwinian Questions," by George John Romanes, F.R.S. ,

two vols.

Messrs. A. and C. Black:—"Life in Motion; or. Muscle
and Nerve," a series of lectures delivered at the Royal Institu-

tion, Christmas, 1891, by John Gray McKendrick, F.R.S., illus-

trated.

Messrs. J. and A. Churchill:—"A Treatise on Hygiene,
edited by Thomas Stephenson and Shirley F. Murphy, in two
vols., with numerous illustrations. Vol. I. nearly ready ;" Chemical Technology ; or. Chemistry in its Applications to

Arts and Manufactures," edited by Charles E. Groves, F.R.S.,
and William Thorp (with which is incorporated

" Richardson
and Watts' Chemical Technology"), Vol. 11. "Lighting:
Fats and Oils, Candles, Stearine, Gas, Electric Lighting

"
;

"Materia Medica, Pharmacy, Pharmacology, and Thera-

peutics," by W. Hale White; "The Student's Guide to

Diseases of the Nervous System," by J. A. Ormerod, with 66
illustrations ; "A Dictionary of Psychological Medicine, giving
the Definition, Etymology, and Synonyms of the Terms used in

Medical Psychology, with the Symptoms, Pathology, and
Treatment of the Recognized Forms of Mental Disorder,

together with the Law of Lunacy in Great Britain and Ireland,"
in two vols., edited by D. Hack Tuke.

Messrs. Whittaker and Co. :
—New volumes of the Specialists'

Series— "Lightning Conductors and Guards," by Oliver J.

Lodge, F.R.S., with numerous illustrations; "The Dynamo,"
by C. C. Hawkins and F. Wallis, with numerous original dia-

grams ; "A Guide to Electric Lighting," by S. R. Bottone,
for householders and amateurs, with 77 illustrations. Whit-
taker's Manual Instruction Series—"Manual Instruction:

Woodwork," by S. Barter, Organizer and Instructor for the
London School Board, and to the Joint Committee on Manual

Training of the School Board for London, the City and
Guilds of London Institute, and the Worshipful Company of

Drapers, with over 300 illustrations
;

" Leather Work, Stamped,
Moulded, and Cut, Cuir-Bouille, Sewn, &c.," by Charles G.

Leland, author of " Wood Carving," with numerous illus-

trations. Whittaker's Library of Popular Science— " Mine-

ralogy," by Dr. F. Hatch, with numerous illustrations ;

" Che-

mistry," by T. Bolas, with many illustrations.

Messrs. Sampson Low and Co. :
—" Answers to the Questions

on Elementary Chemistry, Theoretical and Practical (Ordinary
Course), set at the Examinations of the Science and Art Depart-
ment, South Kensington, 1887 to 1891," by John Mills, two vols.,

fully illustrated ;

"
Chemistry for Students, consisting of a Series

of Lessons based on the Syllabus of the Science and Art De-

partment, and specially designed to facilitate the experimental
teaching of Elementary Chemistry in Schools and Evening
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Classes," by John Mills, numerous illustrations; "Decorative

Electricity," by Mrs. J. E. H. Gordon, with a chapter on Fire
Risks by J. E. H. Gordon, and numerous illustrations by Herbert

Fell, engraved on wood by J. D. Cooper; "Examination of

Soils," by W. T. Brannt.

Messrs. George Philip and Son:—"Makers of Modern
Thought; or. Five Hundred Years' Struggle (A.D. 1200 to

A.D. 1699) between Science, Ignorance, and Superstition," by
David Nasmith, in two volumes ; "Christopher Columbus," by
Clements R. Markham, Vol, VIL of " The World's Great

Explorers and Explorations
"

;

" The Development of Africa,"

by Arthur Silva White, new and cheap edition, revised to date,
with fourteen coloured maps ;

"
Philips' General Atlas," en-

tirely new and revised edition, with several additional maps;"
Philips' Systematic Atlas," for higher schools and general use,

a series of physical and political maps of all the countries of

the world, with diagrams and illustrations of astronomy and

physical geography, specially drawn by E. G. Ravenstein
;,"

Philips' Atlas of Astronomy," a series of seventy-two plates,
with notes and index by Sir Robert Stawell Ball, F.R.S.,
Royal Astronomer of Ireland ;

"
Tourists' Handy Volume Atlas

of Europe," a series of coloured maps, with notes, plans of

cities, and complete consulting index, by J. G. Bartholomew.
Messrs. Swan Sonnenschein and Co.:—"Animal Colour-

ation," by Frank Beddard, Prosector to the Zoological Society,
with four coloured plates by P. J. Smit, and numerous wood-
cuts

;

" Text-book of Embryology : Man and Mammals," by Dr.

Oscar Hertwig, of the University of Berlin, translated and edited

from the third German edition by Dr. E. L. Mark, Professor of

Anatomy in Harvard University, fully illustrated ; "Text-book
of Embryology : Invertebrates," by Drs. Korscheltand Heider,
of the University of Berlin, translated and edited by Dr. E. L.

Mark, Professor of Anatomy in Harvard University, and Dr.
W. M. Woodworth, Assistant Professor in Harvard University,

fully illustrated ;

" Text-book of Geology," adapted from the

work of Dr. Kayser, Professor in the University of Marburg, by
Philip Lake, of St. John's College, Cambridge, fully illustrated ;

" The Geographical Distribution of Disease in England and

Wales," by Alfred Haviland, with several coloured maps ;

"A Treatise on Public Hygiene and its Applications in different

European Countries," by Dr. Albert Palmerg, translated, and
the English portion edited and revised, by Arthur Newsholme,
fully illustrated; "The Photographer's Pocket-book," by
Dr. E. Vogel.

"
Introductory Science Text-Books," additions—

introductions to the study of "
Zoology," by B. Lindsay,

illustrated; "The Amphioxus," by Dr. B. Hatschek, of the

University of Vienna, and James Tuckey, of the University of

Durham, illustrated;
"
Geology, "by Edward B. Aveling, Fellow

of University College, London, illustrated ;

"
Physiological

Psychology," by Dr. Th. Ziehen, of the University of Jena,

adapted by Dr. Otto Beyer, with twenty-two figures.

Messrs. Crosby Lockwood and Son:—"A Hand-book oi

Brewing, a Practical Treatise for the use of Brewers and their

Pupils," by Herbert Edwards Wright ;
"A Treatise on Earthy

and other Minerals and Mining," by the late D. C. Davies,
third edition, revised and very considerably extended by his son,
E. H. Davies; "Fuels: Solid, Liquid, and Gaseous, their

Analysis and Valuation," for the use of chemists and engineers,

by H. J. Phillips, second edition, revised and much enlarged.

SCIENTIFIC SERIALS.
The most important article in the numbers of the Journal of

Botany for January and February is one by the late Dr. A.

Barclay on rust and mildews in Indin. Tie shows that the

years in which the grain-crops were deficiem have been ibuse

m which the climatal conditions were favo'irable tothegiowth of

parasitic fungi. The chief enemy to wheat in India is Pucciimx

rnbigo-vcra ; and it is an interesting fact that while the aecidio-

form of this Uredine occurs in Europe on Borraginaceous plants,

no aecidium is known in India on any species of the order. Dr.

Barclay believes that its life-history has a different course in

India from that taken in Europe.—Mr. W. G. Smith reports

the progress at present made in the commission which he has

received from the Trustees of the British Museum to make a

series of water-colour drawings of the whole of the British

Basidiomycdes for the public gallery of the Department of

Botany.
—A series of papers is commenced in these numbers on

the first records of British flowering plants, by Mr, W. A.

Clarke.
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The Bullettino of the Italian Botanical Society is now pub-
lished apart from the Nuovo Giornale. The first number contains

reports of the papers read at the annual meeting, held at Naples
in August, and of the regular meetings held since till the end
of the year, and of the discussions which followed. Among
the more noteworthy papers may be mentioned the following :

—
On a new carpellary theory, by Signor F. Pasquale, who main-

tains that the carpel is not derived, as has been generally sup-

posed, from the modification of a single leaf, but from the

concrescence of two, or sometimes of three leaves, which unite

in the formation and nutrition of the ovules and seeds.—On the

floral structure and process of pollination in some species of

Nigella, by Dr. A. Terracciano.—On the period of formation

of the inflorescence within the bud of the vine, by Signor U.
Martelli.—On the non-sexual propagation of Cynoinorium
^occineuin, by the same writer, who has established its parasitism
on Atriplex nummularia.—Prof. G. Arcangeli also describes the

results of experiments on the cultivation of this plant, which he
finds to be parasitic on many hosts.—On earthquakes and vege-

tation, by Signor A. Goiran. He finds the effects of seismic

motions in the earth to be the more rapid germination of seeds,
as well as a more rapid growth of the young plant.

—
Signor E.

Tanfani has a paper on the teaching of botany in gymnasia,
which he considers to be in a very backward state in Italy.

The Botanical Gazette for January contains two interesting

original papers :
—Herr A. F. Foerste speak« of the relationship

of autumn- to spring-blossoming plants, and concludes that late

autumn-flowering plants may be divided into two classes—those

which have developed from summer-flowering plants by the

increase in the number of internodes with their appendages
and the gradual retardation of growth, and those which have

developed from spring-blossoming plants by the premature
development of buds destined to flower during the ensuing
spring.

—Mr. H. L. Russell discourses on the effect of me-
chanical movement on the growth of certain plants. The
experiments were made chiefly on certain yeast-fungi ; and the

general results were that the development of filaments was
hindered by shaking ; but that strong agitation greatly increases

the activity of cell-division, while it diminishes the intensity of

fermentation. This may be compared with the fact mentioned
above relative to the effect of earthquakes on the growth of

plants.

The greater part of the number of the Nuovo Giornale

Botanico Italiano for January is occupied by a paper by Signor
A. Jatta, on the Lichens of Italy, accompanied by a very ela-

borate bibliography.
—

Signor C. Massolongo has a note on a

floral monstrosity in lasminum grandiflortun ; and Dr. R.
Cobelli a paper on the movements of the flower and fruit of

Eroditim gruinum. These movements belong to three organs
—

the calyx, the upper portion of the style, and the mericarp
—and

do not appear to be in any way connected with the pollination
of the flower, since the species is apparently self-fertilized, and
no pollinating insects were observed at any time upon it.

SOCIETIES AND ACADEMIES.
London.

Physical Society, February 26.—Prof. W. E. Ayrton,
F.R.S., Past President, in the chair.—Prof. S. P. Thompson,
F, R. S., read a paper on modes of representing electromotive
forces and currents in diagrams. The author said he had found
it advantageous in some cases to depart from the usual methods
of representation, and he now brought the subject before the

Society in order to have it discussed and improvements sug-

gested. To indicate the directions of currents in wires seen

end-on, Mr. Swinburne had used circles with and without

crosses, but no symbol had been suggested for wires not con-

veying currents. He (Prof. Thompson) thought the plain
circle should be used for inactive wires. A circle with a dot in

the middle could then be used to indicate that a current was

flowing towards the observer, and a circle with a cross in it to

represent a wire conveying a current away. These meanings
could be recalled by considering the direction indicated by an

arrow, the dot showing the tip of the arrow, and the cross the

feathers. Some method of distinguishing between E. M.F. and
current was required. For this he proposed to use thin-stemmed
arrows with feathers for E.M.F.'s, and thick-stemmed ones
without tails for currents. In the case of electrical transmission
of energy, this convention had the important advantage that
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where the two arrows had the same direction, energy was being
given to the system, and where the arrows were opposite, energy
was leaving it. Mr. Maycock, he said, had recently published
a simple rule for finding the direction of magnetic force due to a
current of known direction in a wire. Grasp the wire with the

right hand, the thumb pointing in the direction of the current ;

the fingers will then encircle the wire in the direction of the

magnetic force. Dr. Fleming's well-known rule for induced
currents was also a right-hand rule, but as it referred to the
direction of currents, another rule was necessary when con-

sidering motors. By making the rule refer to E.M.F.'s, only
one rule was required for generators and motors. For alter-

nating currents the author found it convenient to draw polar
curves analogous to Zeuner's valve diagrams. Suppose a line

OP (Fig. i), representing the maximum value of an E. M.F. or

current whose magnitude is a sine function of the time,

to revolve at uniform velocity about o ; the intercepts

OQ, oq', &c., cut off by circles OQB, oq'd, will represent the

magnitudes at the times corresponding to the positions op and
op'. The effect of lag can also be represented in such diagrams.
In cases where the variables are not sine functions, the curves

OQB and oq'd are no longer circles. Polar diagrams represent-

ing the E.M.F. and current curves obtained by Prof. Ryan in his

transformer experiments were exhibited, and a working diagram,

illustrating the changes in three-phase currents, was shown. To
show the directions of induced E.M.F.'s in diagrams of dyna-
mos and motors, diagonal shading of the pole-faces was some-

times convenient ;
the lines over north poles being drawn from

left to right downwards in the direction of the middle stroke of

the letter N, and those over south poles from left to right up-
wards. A conductor passing over a north pole from left to

right would have an E.M.F. induced in a downward direction,

as indicated by the slope of the diagonal lines. This method of

representation was used to show the ways of connecting up
multipolar drum armatures, the winding being supposed cut

along a generating line, unwrapped from the core, and laid out

flat in the manner adopted by P'ritsche. In connection with

armatures, the author said a formula had been published by
means of which the nature of a winding consisting of a given
number of convolutions, and to be used with a given number of

poles, could be predetermined. This, he thought, would be

very useful in practice. Mr. Blakesley said the old method of

representing alternate current magnitudes by means of the pro-

jections of revolving lines, seemed preferable, for it left no

ambiguity as to the directions of the quantities. The method of

shading the poles also required that the direction in which the

diagram was to be viewed should be known before the direction

of the E.M.F. could be determined. Mr. Swinburne suggested
that the author might use a bow to represent E.M.B'., and

an arrow for current. He was glad to see that Prof. Thomp-
son recognized the differences in dynamos and motors,

and approved of the view that mnemonic rules should refer

to E.M.F. and. not to current. The diagrams of drum

windings would be very useful, and he hoped the author

would make the subject clear to ordinary workmen in

the next edition of
"
Dynamo-Electric Machinery." Prof.

Perry considered it undesirable to use polar curves for any-

thing but circles. In his opinion it was not sufficiently

known that any curve can be split up into a series of sine curves,

and each component dealt with separately ; the separate results

being added together in the end. Mr. Swinburne pointed out

that before one could analyze a curve in this way, the curve

must be known, and would probably have to be determined ex-
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perimentally. If means for finding one curve are available, any
other required curve cjuld probably be found by the same

apparatus ; hence there was no need for analysis. Prof. Perry
remarked that experiments could not be made on a machine
before the machine was built ; whereas the E. M. F. curve could
be predetermined from its design. By analysis, its current

curves, when working under various conditions, could be found.

Prof. Ayrton, referring to the mnemonic character of the
modes of representation described by Dr. Thompson, suggested
that the symbols in the author's book should be more mnemonic.
He himself was in the habit of using large letters for currents

and small ones for resistances : A and a for the armature, S and
.f for series, and Z and z for the shunt, currents and resistances,

respectively, and <t and C for the series and shunt turns. He
also found the following

"
electromotive force

"
rule very con-

venient. Draw three rectangular axes, OM, of, and OE, as

shown in Fig. 2. If, then, of represents the direction of the

»m:
Fig.

force (magnetic), OM that of the motion, then OE shows the
direction of the induced E. M.F. Dr. Thompson, in replying,
said he thought Mr. Blakesley had misunderstood what had been
said, for no ambiguity existed. In describing the windings of

armatures, difficulty arose from want of proper names for the
various elements, and in his forthcoming work suitable names
had been given. To Prof. Ayrton he pointed out that in his

book he (Dr. Thompson) had used mnemonic characters, for

'rt, ">'.•!,
and r„i represented the resistances of armature, shunt, and

series magnet coils respectively. The symbol I for current had
also been recommended for adoption by the Frankfort Com-
mittee. He objected to Greek letters except for specific quanti-
ties, such as angles, specific inductive capacities, refractive

indices, &c. He appreciated the simplicity of Prof. Ayrton's
E.M.F. rule, but thought it would be better to rotate OE and OF
through a right angle about om, thus giving Fig. 3.

—A paper on

->M

Fig. 3.

the flexure of long pillars under their own weight, by Prof. M.
Fitzgerald, was read by Mr, Blakesley. The subject of upright
pillars fixed at the base and free at the top is treated mathe-
matically, the differential equation being integrated in two
series, involving ascending powers of the variable. Putting L
for the ratio of length to diameter, the results, when applied to
thin steel tubes and rods, for which Young's modulus is taken
as 12,000 tons per square inch, show that the limiting height (in

feet) of pillars which can stand without bending is given by
H= 15^^' for tubes; and H = ^'S^x 10'=

for rods. IfU ' -
L

L = 100, the maximum height of a tube is 1500 feet, the
diameter being 15 feet. For wires, L may have larger values,
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and the limiting length of a No. 28 B. VV.A. steel wire, is about
10 feet. In the case of pillars whose neutral axes are con-
strained to be vertical both at top and bottom, the results show
that a definite ratio must exist between the bending moments
producing the constraints.—A paper on choking coils, by Prof

Perry, F.R.S., and a description of the uses of Rice's choking
coils for regulating the brilliancy of incandescent lamps, by Mr,
Hammer, were postponed until next meeting.

Linnean Society, March 3.
—Prof. Stewart, President, in

the chair.—A letter was read from the Home Secretary, convey-
ing the thanks of Her Majesty the Queen for the address of
condolence which had been forwarded on behalf of the Society
on the death of H. R. H. the Duke of Clarence and Avondale.—
The President announced the presentation by Sir Joseph Hooker
to the Society of two medallion portraits of Sir James Ross and
Dr. John Richardson, whose names are well known in connec-
tion with Arctic exploration. The medallions were executed in

1843 by the late I3ernhard Smith. A vote of thanks to the

donor was passed unanimously.
—Mr. Clement Reid exhibited a

collection of fossil plants and seeds which he had found asso-

ciated with the bones of Rhinoceros and other mammals in the

neighbourhood of Selsea, and West Wittering. By means of

diagrams Mr. Reid showed the exact position of the bed, and
described the condition in which the various specimens weie

deposited.
—On behalf of Mr. W. E. Beckwith, of Shrewsbury,

Mr. H. Seebohm exhibited a specimen of White's Thrush
{Tardus varius) which had been shot near Shrewsbury on

January 14 last. He pointed out that this species, which in-

habits Eastern Asia, belongs to the sub-genus Oreocincla, an

exclusively Eastern group of ground Thrushes, and is the only
one which is Palsearctic and migratory. It does not breed any-
where west of the Yenisei, and its occurrence in Europe is

accidental. Mr. Seebohm added that it had been met with
twice in France, four times in Italy, three times in Belgium,
once or twice in Austria and Prussia, once in Norway, thirteen

times in Heligoland (between 1827 and 1884), and about a
score of times in the British Islands, including three occurrences
in Ireland, and one in the extreme south of Scotland.—On
behalf of Mr. A. Craig Christie, the Secretary exhibited some

specimens, as was supposed, of Lycopodium complanattwi , col-

lected in Scotland, on which it was suggested that the plant

might be regarded as British. In the opinion, however, of

Mr. James Groves, who had carefully examined the specimens,
and other botanists present, they were referable to Z. alpinnvi.
Mr, Groves pointed out the distinctive characters of both, Mr.
Carruthers was of opinion that L. complanatum had been met
with in the south of England, but not within the last ten years.
Mr. E. M. Holmes was under the impression he had seen it

growing a few years ago near Stroud.—A paper was then read

by Mr. A. D. Michael, on variations in the internal anatomy,
and especially the genital organs, of the Gamasinm, a typical

sub-family of the Acari. In this paper the author gave the
results of two years' research, including many hundreds of
dissections and serial sections, with lengthy observations of
the living creatures. The comparison of variable organs was
worked out in numerous species, showing great specific differ-

ences. Four of the species were found to be previously un-

described, and for these the names HcBmogamasus horridus,
H. nidi, Lcelaps oribatoides, and L. ligoniforinis were proposed.

Royal Microscopical Society, February 17.
—Dr. R.

Braithwaite, President, in the chair.—Prof. F. Jeffrey Bell
said that he had, in accordance with the resolution passed
at the last meeting, forwarded a copy of the message of con-
dolence from the Society to the Prince of Wales, to General Sir

Dighton Probyn, and he had received the following letter of

acknowledgment :
— "

Sandringhatn, No7-folk.
—General Sir

Dighton Probyn, Comptroller and Treasurer of the Household, is

desired to convey to the members of the
'

Royal Microscopical
Society

'

the heartfelt thanks of the Prince and Princess ot

Wales for the Society's kind resolution, expressing sympathy
for their Royal Highnesses in their deep affiiction.—yanuarj/ 25,

1891."—Mr, Watson exhibited and described a new vertical

camera for photomicrography designed upon the same lines as
that used by Dr. Van Heurck.—The President then read his

annual address, postponed from the last meeting under the

special circumstances then mentioned. The subject chosen was
the impregnation and modes of reproduction in Ferns and
Mosses ; diagrams in illustration were exhibited and explained,
and specimens were also shown under microscopes.

—A cordial
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vote of thanks, proposed by the Rev. Canon Carr and seconded

by Prof. Groves, was given to the President for his valuable

address.—Mr. J. J. Vezey moved that the best thanks of

the Society be given to its officers, and also to the auditors

and scrutineers for their services during the year.
—The Presi-

dent declared the motion to be carried by acclamation.—Prof.

Bell thanked the Society on behalf of himself and the other

officers, at the same time calling attention to the special
services rendered by the Treasurer, Mr. Frank Crisp.

—The

following are the names of the members of the new Council,
who met for the first time at this meeting :

—President : Dr. R.
Kraithwaite. Vice-Presidents : Mr. A. W. Bennett, Prof. J. W.
Groves, Mr. G. C. Karop, and Mr. A, D. Michael. Treasurer :

Mr. Frank Crisp. Secretaries : Prof. F. Jeffrey Bell and the

Rev. Dr. W. H. Dallinger. Ordinary members : Dr. Lionel

S. Beale, Rev. E. Carr, Mr. James Glaisher, Dr. R. G. Hebb,
Mr. E. M. Nelson, Mr. T. H. Powell, Prof Urban Pritchard,
Mr. W. W. Reeves, Prof. C. Stewart, Mr. W. T. Suffolk, Mr.
€. Tyler, and Mr. F. H. Ward.

Paris.

Academy of Sciences, March 7.
—M. d'Abbadie in the

chair.—Fermentation of blood, by MM. Berthelot and G.
Andre. The blood of cattle, defibrinated, was fermented for

130 days in a water-bath at 35°. The paper contains an account
of the products of the fermentation. It will be published in

greater detail in the Aiinales de Chitnie et de Physique.
—On the

distribution in latitude of solar phenomena observed at the

Royal Observatory of the Roman College during the second
half of 1891, by M. P. Tacchini. (See Our Astronomical

Column.)—Phenomena observed at Kalocsa, on the large
group of spots of February 1892, by M. J. Fenyi. A promin-
ence, 124" high, was observed in the position 220°-23o°, as the
recent large spot-group was crossing the limb.—On the impossi-
bility of certain movements, by MM. A. de Saint-Germain and
L. Lecornu.—On the movement of a conical pendulum, by M.
de Sparre.

—On electro-capillary phenomena, by M. Alphonse
Berget.

—On the co-existence of dielectric power and electro-

lytic conductivity, by M. E. Boaty. It appears from the ex-

periments described that the dielectric constant only varies

slightly under conditions which produce an enormous increase
<if conductivity. Thus, water and ice have sensibly the same
dielectric constant, whilst the conductivity may vary from i to

lo-^ or 10".—On the thermal conductivity of crystalline bodies,

l>y M. Charles Soret.—Rule for finding the number and nature
of accidentals of the gamut in a tone and a given mode, by M.
Pierre Lefebvre.—On the density of aqueous solutions, by M.
Georges Charpy. The author concludes from his results that
the variation of the density of a solution, as a function of the

concentration, is a complex phenomenon, and cannot be used in

studying the state of the dissolved body. There is no reason

why the solution at which the maximum density is reached
should be regarded as corresponding to a definite hydrate.

—
Compounds of gaseous ammonia with boron iodide and bromide,
by M. A. Besson. — Synthesis of the minerals crocoisite
and phoenicite {pho7-nicochrdite), by M. C. Luedeking.—On
the value of the primary alcoholic function, by M. de
Forcrand.—On the production of quinine di-iodomethoxide
from cupreine, by MM. E. Grimaux and A. Arnaud.—A study
of the velocity of decomposition of diazo-compounds by water,
by MM. P. Th. Muller and J. Hausser. The law according to

which sulphanilic acid is decomposed is expressed by the for-

mula C = - log. nat. -

,
in which is the time, C a con-

6 K — X
stant, A the total nitrogen that can be evolved, and x the
amount of nitrogen evolved. C is independent of the concen-
tration.— Action of capryl iodide on trimethylamine in aqueous
solution, in equimolecular proportions ; formation, when
heated, of dimethylcaprylamine ; production in the cold
of caprylene, by MM. H. and A. Malbot.—New syn-
thesis of tartaric acid, by M. P. Genvresse. (See Notes.)—
On the pyloric secretion of the dog, by M. Ch. Contejean.—
New rings or intercalary rings of nerve-ducts {tubes nerveux),
l^roduced by the impregnation of silver, by M. Benjamin
SegalL—On two new species of Streptothrix, Cohn, and
on the place of this genus in the classification, by MM.
C. Sauvageau and M. Radais.—History of the Garcinia
of the sub-group Xanthochymus, by M. J. Vesque.

—On the

magnetic disturbance and the aurora borealis of March 6,

1892, by M. Th. Moureaux. Disturbances similar to those of
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February 13-14, but less violent, were registered by the Pare
Saint-Maur instruments on March 6-7 —On the magnetic
storm of February 13-14, by M. H. Wild. A comparison of

the records made by instruments at Pawlowsk with those ob-

tained at Pare Saint-Maur shows that, although the recent mag-
netic storm commenced at approximately the same time, the

variations at the two places were in the opposite directions.

Other differences have Ijeen observed in the two records.—Qn
the atmospheric, magnetic, and seismic disturbances of February
1892, by M. Ch. V. Zenger. The author has marshalled facts

to show that magnetic storm?, cyclones, snow-storms, discharges
of atmospheric electricity, earthquakes, and volcanic eruptions
occur simultaneously,-

—On three fossil human skeletons found
in the Baousse-Rousse grottos, in Italy, by M. Emile Riviere.
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THURSDAY, MARCH 24, 1892.

THE HISTORY OF DETERMINANTS.
The Theory of Determinants in the Historical Order of

its Development. Part I. Determinants in General.

By Thomas Muir, M.A., LL.D., F.R.S.E. (London:
Macmillan and Co., 1890.)

'

I
"HE theory of determinants is in that borderland

-* which separates the "pass" from the "honour"
student of pure mathematics. In elementary text-books

the subject is rarely more than introduced for the purpose
of representing some result of geometry or analysis in a

convenient, beautiful, and suggestive form. The essen-

tial properties of a determinant are not set forth, but the

student is perhaps referred for further information to one

or other of the two excellent treatises which are already
at our disposal in the English language, viz. those of

Mr. Muir and of Mr. R. F. Scott. The value of the idea

thus given to a student of the shape and convenient use

of a great analytical implement is beyond all question.

His imagination and curiosity are alike excited, and the

"trick" possibly prevents his passage through life under

the delusion that all mathematics are comprised within

the covers of the school-books. The honour student, as

a matter of course, reads some work on the subject and
is as surely enchanted. He cannot fail to recognize the

power and beauty of the notation. He observes that the

object of his study is constructive in its nature. He
becomes convinced that pure mathematics is one of the

fine arts, an J just as a beautiful picture gives pleasure to

one who understands painting, just as a fine piece of

sculpture delights one who understands modelling, so he

sees unfolded to his intellectual eye an exquisite example
of constructive art, which his previous mathematical read-

ing has fitted him to understand and appreciate, and to

regard as a beautiful object of contemplation. The theory
of determinants is one of the most artistic subdivisions

of mathematical science, and accordingly has never

wanted enthusiastic admirers. It is most gratifying to

find such an authority as Mr. Muir devoting his leisure

to its historical development. Any mathematician taking

up this volume would anticipate a treat, and he would

not be disappointed. In this first instalment the reader

is taken from Leibnitz (1693) to Cauchy (1841). Mr. Muir

assigns a chief place of honour to Vandermonde (1771),

who, in his "Mdmoire sur I'Elimination" (Hist, de I'Acad.

Roy. des Sciences), denoted a function formed from the

coefficients of a set of linear equations by a symbolism
which is at once recognized as a condensed form of the

determinant matrix of the present day. He was the first

to give a connected exposition of the theory, and to give
the true fundamental properties of the new functions.

His notation, moreover, was exceedingly good, and much

superior to that adopted by some subsequent writers who
overlooked or neglected his important work.

Vandermonde has also recently received justice, long
denied him, in other branches of analysis, and there is

now no doubt that the value and originality of his work
entitle him to a place in ;he ranks of the mathematical

pioneers of his time. Up to the close of the eighteenth

century the most noteworthy additions were made by
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Laplace, Lagrange, and Bezont. We find that Lagrange
knew that the discriminant of a binary quantic of the

second order is an invariant of the linear transformation.

He did not, however, express either the discriminant or

the determinant of transformation in a determinant form.

The author critically examines the claim of Laplace to be

the discoverer of the expansion theorem. He finds that

although the case in which as many as possible of the

factors of the terms of the expansion are of the second

degree had already been given by Vandermonde, and

Laplace himself did not give a statement of the rule

suited for general application, the claim can in the main
be upheld. Hindenburg (1784) and Rothe (1800) took

up the subject in Germany, and between them constructed

an elementary theory of permutations. Rothe, it is in-

teresting to observe, employed a graphical method which
will remind the reader of Prof. Sylvester's modern con-

structive theory of partitions. Gauss(i8oi) followed, and
then we come to the important papers of Binet (181 1)

and Cauchy (1812). These memoirs establish the multi-

plication theorem in its full generalization. The method

adopted by Binet may be described as that of symmetric

functions, which he uses freely. He employs identities

of the type

Srt^'c" = 'Sa'S.b'Zc ^- 2'SAbc -
'S.a'S.bc

-
'S.b'Xca -

'S.e'S.ab,

having reference to several systems of quantities. He
was not, however, sufficiently acquainted with the theory
of such functions ; and was unable to supply rigid proofs
of the theorems in determinants which, from his point
of view, rested upon these identities. Nowadays, the

identity in question will be recognized as the expression
of an "elementary" symmetric function (single unitary,
and having three parts in its partition) by means of

symmetric functions each of which is expressible sym-

bolically by a partition composed of one tripartite part.

The law of the coefficients, undivulged by Binet, is now

perfectly well known. It is, in fact, an easy generaliza-
tion of the law by which, in the case of a single system
of quantities, the elementary symmetric functions are

expressed as functions of the sums of powers of the

quantities. Cauchy at the same date (1812) introduced

the idea of
"
fonctions symctriques alterndes," which led

him to a new symbolic definition of a determinant and
to many valuable results. Mr. Muir devotes several

pages to an examination of Cauchy's title to share with

Binet the credit of the generalized multiplication theorem.

He gives his decision against Cauchy, and probably the

reader who closely follows the argument will find himself

in accord with the historian. Notwithstanding this con-

clusion, Cauchy's memoir is excellent in quality and
abundant in quantity ;

he "opened up a whole avenue of

fresh investigation, and one cannot but assign to him the

place of highest honour among all the workers from 1693
to 1812."

A retrospect is given of the period 1693-1812 accom-

panied by an interesting tabular record. As a means of

reference the work appears to be absolutely perfect.

Each new result as it appears is marked in Roman
figures ;

and if the same result be obtained differently
or be generalized by a subsequent investigator, the same
Roman figure is employed, followed by an Arabic
numeral. It is found that to this point nearly every

important advance is due to French mathematicians.

y
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During the second period (1813-1841) the chief names

are Cauchy, Schweins, Jacobi, and Sylvester ;
to these

may be added Desnanot and Scherk, to whom fresh

departures, of less extent, are due. Schweins himself
;

may be said to have been discovered by Mr. Muir.
i

This author (1825) deals vi'ith the subject under the title
'

" Theorie der Producte mit Versetzungen." He made a

notable generalization described as the transformation of
j

an aggregate of products of pairs of determinants into

another aggregate of similar kind. He further discussed
[

special forms, and, it is clear, possessed a firm grasp of \

his subject.

The work of Jacobi and Sylvester, and the further

work of Cauchy will be more or less familiar to mathe-

maticians. Germany has passed to the first place ; and
the occurrence of Sylvester's name in the history marks '

a revival of learning in pure mathematics in England.
The volume is remarkable for the study it presents in

'

nomenclature and notation. There is an extraordinary

variety in the symbolism. It is easy to observe the dis-

tinctive characters of French and German notation that

are so marked at the present day. It is well known that

much lies in an appropriate notation. Every young
mathematician with a predilection for original work
should read this book, to note the power of suitable

symbols, to grasp the reason of their power, and, above

all, to see what to avoid.

The book also points a moral which is not far to seek.

It would be easy to pick out many such phrases as,
" was

acquainted with the writings of very few of his prede-
cessors

"
;

" was unaware apparently of the existence of

a theory of determinants "
;

"
hasty, if not contemptuous,

disregard of historical research." To this tendency to

work on without proper attention to previous work is

doubtless due in some measure the unfortunate multipli-
cation of names and symbolisms which is so perplexing
and irritating to a reader. This failure to collaborate
with others can only retard the progress of the science.

It is perfectly true that great original thinkers, like

Gauss, Cauchy, Jacobi, and Sylvester, may take liberties

of this kind
; and the fact of their doing so may even

be beneficial to the subject, as resulting in memoirs of
more unfettered originality. But this is not so in the
case of lesser men. In taking leave of this fascinating
history one can look forward to Part II. with sincere

pleasure, which is not diminished by the knowledge that
the later developments have been largely due to our

countrymen. We have yet to see Sylvester's most
powerful investigations, and all Cayley's researches

;

and, finally, the successive steps by which the lofty

heights of the theory of matrices and the theory of

multiple algebra (involving the generalization of quater-
nions) have been attained. P. A. M.

THE EVOLUTION OF MAN.
Anthropogenie, oder Etitwickehmgsgeschichte des" Men-

schen. By Prof. Ernst Haeckel. Fourth Edition, re-

vised and enlarged. Pp. i.-xxvi. and 1-906, (Leipzig :

W. Engelmann, 1891.)

nPHE importance of the subject-matter of the book,
-i- the length of time that has elapsed since the

appearance of the former editions, and the protninent
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position held by the author, seem to call for more
detailed notice of this work than is usually accorded to

a new edition.

The "
Anthropogenie," which was first published in

1874, is the third of the series of books in which Prof.

Haeckel has attempted to determine the laws governing
the form, structure, and mutual relations of living things,
and to establish the general principles of biological
science. The first of these, under the title

" Generelle

Morphologie," appeared in 1866, almost simultaneously
with the completion of Herbert Spencer's

"
Principles of

Biology." It is a comprehensive and ambitious work,

which, in its author's words,

"constituted the first attempt to apply the general doc-
trine of development to the whole range of organic
morphology, . . . and to introduce the Darwinian
theory of descent into the systematic classification of
animals and plants, and to found a 'natural system 'on
the basis of genealogy ; that is, to construct hypothetical
pedigrees for the various species of organisms."

It contains also the first systematic attempt to deal in

detail with the ancestry of man, as regards the groups of

animals lower than mammals. This is, perhaps, the

most solid piece of work Prof. Haeckel has done
; it

contains much matter of great value, and discussions

and speculations of extreme ingenuity and interest.

Later discoveries have rendered much of it obsolete, but

it still remains the most important work of its kind
; and

but for its somewhat cumbersome terminology, would be

widely read even now. The " Natural History of Crea-

tion," first published in 1868, goes over a good deal

of the same ground as the earlier work, but is written in

a much more popular style, and aims at presenting in a

form suited to the general reader the main arguments on
which the Darwinian theory is based, together with a

detailed appUcation of the theory to the principal groups
of animals, and an attempt to determine their mutual re-

lations and lines of descent. The "Anthropogenie," the

book now before us, is a more elaborate application of

the same principles to the special problem of the evolution

of man.
In the new edition the general arrangement remains

much the same as before ; but, in order to include the

results of more recent investigations, a great part of the

book has been re-written, and new chapters have been

added on subjects that have attracted especial attention of

late years, such as the Gastrasa theory, the Coelom theory,
and the nature and origin of segmentation. A large
number of new figures have been inserted, and the genea-

logical tables, for which Prof. Haeckel has a special

fondness, have been greatly increased in number, and in

elaboration of detail.

The book, which is adapted rather for the general
reader than the scientific student, is written in an attrac-

tive and popular style, and presents the main facts of

vertebrate embryology in an intelligible and well illus-

trated form. As might be expected from his former

writings, the main feature of Prof. Haeckel's work is a

detailed exposition and vigorous defence of what he has

named "
the fundamental law of biogenesis," better known

in this country as the recapitulation theory, according to

which the actual or ontogenetic development of a

animal is a repetition of the ancestral or phylogenctic
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development of the species ; or, to put it more simply,
animals in their development climb up their own genea-

logical trees. This is now generally accepted by embryo-

logists, but it has not always been so, and Haeckel

reminds us, with justice, that he was one of the first to

realize and teach the doctrine.

Prof. Haeckel has much to say on other points of

theoretical interest. He protests strongly against Weis-
mann's views with regard to heredity, pointing out that

the very existence of germ-plasma is as yet a mere assump-
tion, and maintaining that acquired characters maybe and
are actually transmitted. He objects equally strongly to

the views as to the widespread occurrence of degenera-

tion, which were first put forward by Dr. Dohrn
; and on

the much-debated question of the origin of Vertebrates

he sides with those who fully accept the evidence afforded

by the anatomy and development of Amphioxus ;
he

admits the Vertebrate affinities of Balanoglossus, and
looks for the ancestors of Vertebrates among the un-

segmented Turbellarian worms. As a controversialist

Prof. Haeckel is impressive rather than convincing. He
hits hard and with effect, but prefers to counter rather

than to parry the blows of his opponent. It is impos-
sible to pass over without protest the terms in which he

writes— it must be admitted under provocation
—of the

opinions and work of other investigators.
Prof. Haeckel's fondness for genealogical trees, and

his facility in constructing them, are well known and
have been much criticized, perhaps a little unfairly.

Acceptance of the doctrine of evolution involves the

recognition of a blood-relationship, near or remote,
between any one animal and any other ; and the only
true classification is one which places this fact in the

forefront, and adopts it as the basis on which the

scheme is to rest. Genealogical tables undoubtedly
stimulate inquiry, and so long as it is realized that

they are necessarily in great part tentative or pro-

visional, they probably will do more good than harm.
It would be easy to take exception to many points in

Prof Haeckel's numerous and elaborate pedigrees, but

it will be generally admitted that they are instructive,
and often extremely suggestive, even though the con-

clusions may not meet with general acceptance.
The least satisfactory part of the book is that which

deals with human embryology. No attempt whatever is

made to explain the earlier stages of development ;

the special difficulties of the problem are absolutely

ignored ;
the human gastrula is spoken of in a confident

way, as though such a stage really existed ; and the

accounts of the development of the several organs and

systems are too often taken from other animals. A
student who relied on Prof. Haeckel's descriptions would
obtain an entirely erroneous idea of the actual course of

development of the human embryo.
Owing to the difficulty of obtaining material in proper

condition for microscopical examination, our acquaintance
with human embryology long remained imperfect ; and
the descriptions in text- books were largely based on our

knowledge of other Vertebrates, and illustrated by figures
from embryos of dogs, pigs, rabbits, or even chicken
and dogfish. The time for all this is now past. During
the last ten years our knowledge has advanced wonder-

fully ;
and although the earliest stages are still unknown,
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it is not too much to say that our knowledge of the deve-

lopment of the human embryo, from a stage corresponding
to a chick embryo at the commencement of the second

day onwards, is as satisfactory, as complete, and as well

illustrated as that of any other mammal.
For this great advance we are indebted almost entirely

to the labours of German embryologists, and notably to

the splendid work of Prof. His. Prof. Haeckel has in

his volume many hard things to say of Prof. His, but is

indebted to him for the only really good figures of

human embryos which he gives, and would have mate-

rially improved his book had he studied more carefully

the admirable descriptions of the Leipzig Professor. It

is a matter for great regret that a book of 900 pages,

having for its title,
"
Anthropogenie, oder Entwickelungs-

geschichte des Menschen," should be allowed to appear
in which the account of the actual development of the

human embryo is so inadequate or even erroneous.

A. M. M.

OUR BOOK SHELF.

Philosopliical Notes on Botanical Subjects. By E.

Bonavia, M.D. With 160 Illustrations. 368 pages.
(London : Eyre and Spottiswoode, 1892.)

Dr. Bonavia's philosophy is concerned with the evolu-
tion of vegetable organisms, and the gist of it is that all

land-plants have descended from sea-weeds. He sees

modifications and traces developments not obvious to

ordinary observers, and he is prepared for derisive criti-

cism. To quote from his preface :
—" The fact is that, in

this stage of existence, certain thoughts are often a great

worry. (Jne often cannot get rid of them. They turn up
by day, they turn up by night, they turn up in the morn-

ing, and they haunt one at all times, and the only remedy
for mitigating this worry of civilization is to commit them
to paper. This done, there are several ways of disposing
of your written thoughts. You can burn the papers they
are written upon or otherwise destroy ihem, or you can
leave them in a drawer as a legacy to your lieirs ! If by
neither of these processes can you entirely give yourself

repose, then the most effective way of ridding yourself of

the worry of such thoughts is to have them published (if

any publisher will perform this kind office), and to see
them adversely criticized if anyone will even take so

much trouble."

As the book before us testifies. Dr. Bonavia's worry
reached the acute stage, and he is so far relieved as to

have found a publisher ; but we do not propose to gratify
him by adverse criticism. We prefer giving one short

extract from his sixteen
"
general conclusions "

:
—

"
Fifteenth :

—The fig is obviously a further develop-
ment of a conceptacle of a Fucus or other sea-weed.
And there is every reason to believe that the oil-glands
of the bark, leaves, and peel of the Citrus, and similar

glands in other plants, are mere remnants of sea-weed

conceptacles
—that is, persistent features turned to other

uses." W. B. H.

The Zoological Record for 1890. Edited by Frank E.
Beddard. (London : Gurney and Jackson, 1892.)

This is the twenty-seventh volume of the Record of

Zoological Literature, and it has been prepared on the
same plan as the volume published last year. First of
all there is a list of works on general subjects, by J. A.
Thomson. Then come the titles of writings on the fol-

lowing :
—Mammalia, by K. Lydekker ; Aves, by R.

Bowdler Sharpe ; Reptilia, Batrachia, and Pisces, by
G. A. Boulenger ; Tunicata, by W. A. Herdman

;
Mol-

lusca, Brachiopoda, and Polyzoa, by P. C. Mitchell
;
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Crustacea, by C. Warbiirton ;
Arachnida and Myriopoda,

by R. Innes Pocock
; Insecta, by D. Sharp ;

Echino-

dermata, by E. A. Minchin
;
Vermes, by P. C. Mitchell

;

CcElenterata, by S. J. Hickson ; Spongiae, by E. A.

Minchin ; Protozoa, by C. Warburton. The utmost

pains have been taken to make the lists complete and

accurate, and to students of zoology they are practically

indispensable. In the introduction to Mammalia, Mr.

Lydekker notes that the number of new recent species is

extraordinarily large. He adds, however, that this is

"due to the elevation to specific rank of a host of North
American forms which would be regarded by most zoo-

logists as varieties." No fewer than forty of the
" new

species" belong to this category.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of iiATV^Z.
No notice is taken of anonytnous communications.]

Sun Pillar.

A REMARKABLY Well-defined instance of this phenomenon
was seen by me at this place (460 feet above mean sea-level)
this afternoon. At 5.32 p.m. the sun was sinking behind a
thick layer of stratus cloud. There was a b.mk of dust haze,
.so defined as almost to resemble cirrus, which apparently formed
a background to the clouds. When the phenomenon was first

noticed, about three-quarters of the sun's disk was below the

edge of the cloud bank
;
and from the centre of that portion of

the disk visible there rose a tall column of brilliant light, ex-

ending upwards to about 5°, of the same width as the apparent

I had noticed, a quarter of an hour previously, that the rays
of the sun, when behind a cloud, stood out in an unusually solid

and clearly defined manner. There was a good deal of anti-

cyclonic stratus (about 5000 feet) at the time, and the upper
part of the atmosphere was more hazy than is usual with a

north-east wind at this period of the year. At the earth's

surface the wind had dropped to an almost perfect calm.

Lutterworth, March 5.
Annie Lev.

New Comet.
The comet discovered here on the evening of Friday, March

18, is extremely small, though not very faint, and it has a

decided central condensation or nucleus. Its position at about

8h. 30m., March 18, was roughly determined as R.A. 341°,
Deck N. 59°. The comet was therefore situated in Cepheus,
and about 3° east-north-east of the star Delta in that constel-

lation.

On March 19, at 8h., I reobserved the comet, and found its

rate and direction of motion to be 47' of arc east, and 12' north.

It will therefore shortly traverse Cassiopeia.
The comet was discovered with a loinch reflecting telescope,

with eye-piece magnifying 40 times, and having a field of 65'

of arc. W. F. Denning.

Bristol, March 21.

[This is stated to be Winnecke's comet.—Ed.]

First Visible Colour of Incandescent Iron.

During the discussion which followed the reading of the

paper on " Colour Photometry" by Captain Abneyand General

Fe>ting at the Royal Society on January 28, some interesting
remarks were made by Lord Rayleigh as to the colour exhibited

by heated iron when raised to such a temperature as only to be

just visible in a Hark room.
Lord Rayleigh stated that Weber, who, so far as I know, first

drew attention to this subject, described the first visible light as

a greenish-grey. Lord Rayleigh himself repeated the experi-

Sun pillar observed at Lutterworth.

diameter of the sun, and narrowing almost to a point as it

touched the sun's rim. This convergence became more marked
as the rest of the disk disappeared, until at the point at which
the latter was finally lost to sight the apex appeared to rest on the

edge of the cloud bank. The cone-shaped part at the base of

the pillar was the most luminous portion, and glowed with a bril-

liant orange-red tint, which gradually merged into the yellow-
white of the upper part of the column. The effect lasted for

some minutes after the sun's disappearance, but the pillar lost

its conical base and became less defined, while the clouds reced-

ing gave the appearance of the base of the pillar having risen in

the sky.

NO. I 169, VOL. 45]

ment by making a piece of thin iron part of the wall of a very
dark room, and heating the iron gradually by a Bunsen burner

upon the other side. Lord Rayleigh could not satisfy himself
as to the greenish tint, but was satisfied that no redness was

apparent.
It struck me that a very convenient method of trying this ex-

periment would be to introduce a round bar of heated iron into

a thin sleeve, as shown in the annexed sketch, the sleeve being
closed with a cover lined with asbestos. In this way the heat
would slowly penetrate the sleeve, and the observers could note
the first appearance of visibility and the changes of colour that

followed.
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I accordingly had two sleeves prepared, one of turned and

polished iron, the other left with a thick coating of oxide.

Two sets of experiments, in each of which six observers took

part, were made. In each set of experiments three observations

were made with the polished, and three with the oxidized sleeve.

In each case the observers were in the dark room for some
minutes before the experiments began.

In the first set of experiments the observers gave their opinion,
at the conclusion of the experiments, as a body, that the first

appearance of colour was a greyish-white ; as the sleeve became
hotter the colour was yellow, and gradually changed into orange.
There was little or no difference between the ol)servers as to

the instant of visibility ; it was generally over a minute before

the sleeve became visible, the light generally showing first on
the generating line of the cylinder between the eye and the axis.

rlh

There was no difference in colour between the bright and the
oxidized sleeves.

In the second set of experiments, the observers had no
communication with one another, had no idea what colour they
were expected to see, and their impressions were written
down separately and independently. Their impressions were
as follow, the observers being designated by o, j3, &c. :

—
(o) First colour visible, grey white, second colour white with a

little mauve, third pale rose, fourth orange. The above was the
first experiment (polished metal). The other experiments showed
same colour, but no mauve seen. In the last experiment (a

very low heat) the colour never passed beyond a pale yellow.
(^) For all experiments, first grey white, second yellow, third

orange. Last experiment, no orange.
(7) For all experiments except last, first white, second yellow,

third orange.
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(5) For all experiments except last, first grey white, gradually
becoming warmer till it reached orange.

(e) First white like phosphorus in the dark, gradually getting
to rose, and winding up with a reddish-orange not reached in

the last experiment.
(0 First white with a dark shade, second yellow, third orange ;

no difference in any of the expt-riments except the last, where
the temperature was lower, and the orange was not reached.

I may add that the temperature of the heating bar was a little

reduced each experiment, the colours changed very slowly, and

gave ample time for observation. A. No}!LE,

Poincare's " Thermodynamics."
M. Tait ne repond pas a mon objection sous pretexte qu'elle

est sans importance. Je maintiens que nous n'avons aucun

moyen non seulement d'assigner I'origine des forces electro-

mot rices Thomson, mais encore d'en constater I'existence. Si

M. Tait veut repondre, et s'il connait ce moyen, qu'il I'indique.
Dans le cas contraire, s'il n'est pas en mesure de soutenir une

quelconque de ses critiques, et s'il prefere un autre terrain de

discussion, je suis pret a I'y suivre.

Seulement je serai force d'etre un peu plus long, car il me
faudra passer en revue les trois reproches de M. Tait.

(i) La forme de mon ouvrage est trop mathematique.
C'est la une appreciation personnelle dont il n'y a pas a dis-

puter. Je veux bien d'ailleurs d'une polemique sur une question
de doctrine, mais non d'un proces de tendance oil je jouerais le

role d'accuse.

Toutefois il est certain que je consacre relativement peu de

place a la description des experiences, et on aurait le droit des'en
etonner si je n'en donnais I'explication. Mon livre est la repro-
duction textuelle de mon cours ; or mes auditeurs avaient tous

suivi deja un cours de physique experimentale, ou ces experi-
ences leur etaient decrites en detail. Je n'avais done qu'a leur

en rappeler brievement les resultats.

(2) J'ai mal parlc de la definition de la temperature absolue.

Aulant que je puis comprendre, M. Tait ne trouve pas ma
definition mauvaise, et n'en propose pas une autre

; mais, dit-il,

j'aurais du parler des experiences de Joule et Thomson, qui per-
mettent de mesurer la temperature absolue.

Or j'ai decrit ces experiences a la page 164, et j'ai montre £l la

page 169 comment elles perraettent de determiner la temperature
absolue.

(3) j'ailaisse completementde cote une explication mccanique
du principe de Clausius que M. Tait appelle "the true (j.^.

the statistical) basis of the second Law of Thermodynamics."
Je n'ai pas parle de cette explication, qui me parait d'ailleurs

assez peu satisfaisante, parce que je desirais raster completement
en dehors de toules les hypoiheses moleculaires quelque inge-
nieuses qu'elles puissent etre ;

et en particulier j'ai passe sous

silence la theorie cinetique des gaz. H. Poincare.

Ornithology of the Sandwich Islands.

Having just returned from an exploring expedition into the

interior of Australia, on my way home I lingered in this group
of islands, and was sorry to find that some species which have
been obtained here are now no longer to be found.

My attention has been called to an interesting paper hy Prof.

Newton in your last issue (p. 465), on this subject, which seems
to imply that the ornithological collection made by Sir Joseph
Banks during his voyage in the Endeavour with Captain Cook
no longer exists, which I beg to be allowed to make a few
remarks upon. .After the return of Sir Joseph Banks he had
several cases of birds carefully mounted and arranged according
to the localities in which they were collected. In one group of

land birds from Owhyhee, another case contained a number of

specimens from Botany Bay, conspicuous in the centre of
which was a very fine specimen of the Black Swan, which was
shot by Captain Cook himself.

These cases were in the custody of the Linnean Society of

London until 1863, when they formed part of their Natural

History sale.

These cases have been carefully preserved, and are now in

the museum of my ancestor, Mr. John Calvert, together with
a number of cases of birds which formed part of Sir Ashton
Lever's collection, amongst which are a few from the Pacific

Islands. These last cases were purchased from the executors of

the late Mr. M. Armfield, of Catherine Street, Macclesfield,
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about twenty-five years ago, being a very fine collection of many
thousand ornithological specimens, with a quantity of interest-

ing correspondence with Mr. J. Thompson, of Knowsley

Aviary, Mr. Reid, of Doncaster, R. Dunn, of Hull, and

many other naturalists of that period ; these explain upon what

terms he obtained the egg and a very fine specimen of the Great

Auk. Albert F. Calvert,

63', PatshuU Road, Kentish Town, March 19.

Superheated Steam.

Lord Rayleigh (p. 438) rebuts my objection to the state-

ment regarding the efficiency of a vapour-engine in which pure
water is replaced by a saline solution, pointing out "

that

Maxwell's exposition of Carnot's engine applies ivtthout^
the

change of a single word, whether the substance in the cylinder

be water, mercury, or an aqueous solution of chloride of calcium."

The latter italics are mine. In the statement objected to by me
the aqueous solution of chloride of calcium was in the boiler,

and what was in the cylinder was superheated steam, which is

not included in the above list, so that the application of Max-

well's exposition is somewhat difficult. The greater part of the

fresh water supplied to passengers in steamships is now produced

by condensing the superheated vapour of a saline solution, and

the culinary experience is that the substance which was in solu-

tion has all been left in the boiler. My contention, therefore,

still stands— the saline mixture is not the working substance,

and Carnot's law refers to the working substance only, and not

to anything left in the boiler.

"In each case there is a definite relation between pressure
and temperature." This is evidently merely a slip of the pen,
the writer having for the moment forgotten that he was dealing
with superheated steam, for which there is not a definite relation

between pressure and temperature. The condition of super-
heated steam is completely defined when Iwth pressure and

temperature are given ;
but pressure is here a function of tem-

perature-and-something-else, and temperature is here a

function of pressure-and-something-else. That something-
else may be volume or it may be energy, or, preferably, it

may be entropy, but it must be something which cannot be

predicated from pressure alone or from temperature alone.
"
(So far as the substance is concerned), all that is necessary

for the reversible operation of the engine is that the various

parts of the working substance should be in equilibrium with

one another throughout." No ; for, in addition, it is necessary
that the working substance should have only one pressure con-

sistent with any given temperature. For this reason, super-

heated steam, however it may have been produced, can never

be the working substance in a Carnot's engine. In the reversed

cycle, when the steam is raised from a saline solution, from the

beginning of the higher isothermal, the pressure would go on in-

creasing until it became that due to saturated steam at the tem-

perature of the superheat. This might be double the maximum
pressure in the original cycle.
"The various parts of the working substance should be in

equilibriuoa with one another throughout." The writer seems
to say that the steam of a saline solution is a stable saturated

vapour. It is HjO at a given pressure and temperature, and
the condition of the substance is by this definition completely
determined, and there is no alternative ;

but it is not stable.

Say that the steam-space of the boiler is increased by adding a

vertical cylinder alongside the boiler, open to it. On the

bottom of that vessel the steam might condense—pure water—
and the temperature of the steam immediately over this water

would be that of saturated vapour at the same temperature,
and from there all through the steam-space to the surface of the

saline solution in the boiler the temperature would increase, and
all would have the same pressure. There would be mechanical

equilibrium, but not thermal equilibrium." At the upper limit, all the heat is received at the highest

point of temperature,"
—but just as it would be if the evaporation

were from a film of water upon a nearly bare combustion
chamber crown. The plate is left in the boiler, and so is the

salt, and in neither case would the steam exhibit a "state of

things strongly contrasted with that which obtains when vapour
rising from pure water is afterwards superheated." I have
stated in my previous letter that the heat of evaporation is all

received at identically the same temperatures as when it is raised

from pure water at the same pressure, and the contrast is only
as strong as that between occult and obvious. I have now
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shown that the vapours must be identical from either beginning ;

and unless each carried a certificate of birth, I do not now see

how it would be possible to tell one from the other.

London, March 12. J. Macfarlane Gray.

Phorononniy.

I THINK it will be admitted by all, that precision of

language is of great importance in scientific terminology ;
and

the letter of Dr. Besant, which appeared in your issue of last

week (p. 462), certainly suggests strong reasons for employing
the word phi.ronoiny in the place of kinematics.

The word may at first sight appear strange to the present

generation of mathematicians ;
but if it becomes acclimatized,

its employment will appear as natural as the phrases kinetic and

potential energy, in the place of such meaningless phrases as

vis-viva s.nA force-function .

When the medical profession require a new word, they almost

always have recourse to the Greek language ; and mathematicians

and physicists would do well to follow their example, and in

cases of doubt or difficulty to consult some eminent classical

scholar. I must confess, that I have no sympathy with the

attempts, which have occasionally been made, to introduce short

words of Teutonic origin into scientific nomenclature, as such

words have always appeared to me to be singularly deficient 'in

point. A good example of this is furnished by the word spin,
which Clififord attempted to introduce in the place of the phrase
violecular rotation. The latter phrase, although a little long,

exactly expresses the idea which it is intended to convey, viz.

that the molecules of the fluid possess a motion of rotation as

well as a motion of translation. The word spin, on the other

hand, does not express any such idea, but is strongly suggestive
of the juvenile, though not altogether unscientific, pastime of

spinning peg-tops. A. B. Basset.

322 Oxford Street, W., March 18.

I have before me the second edition of F. Redtenbacher's
"

Principien der Mechanik und des Maschinenbaues
"
(Mann-

heim, 1859), of which the first section is entitled
" Die Bewe-

gung als Erscheinung(Phoronomie)." Whether the term occurs

already in the first edition (1852), I cannot affirm, but I remem-
ber very well that Redtenbacher, in his lectures in Carlsruhe,

in 1858, insisted upon that term being distinct from "
Dynamik

"

and "Kinematik." I conclude, therefore, that the majority of

the 786 students of that year
—among them many foreigners

—
as also those of other years, were conversant with the term,

M. am Ende.
Westminster Chambers, 5 Victoria Street,

London, S.W., March 19.

Some other correspondent is pretty sure to be mentioning that

Mr. W. H. Besant will find in Kant's Metaph. Anfangsgriinde
der Naturwissenschaft all the authority he could desire for his

proposed use of the word "
phoronomy." Kant regularly uses

the word in the sense of the later "kinematic" ;
and he was

man of science enough to justify anyone in following his lead.

G. C, R.

The Tudor Specimen of Eozoon,

In reference to the remarks made by Sir J. W. Dawson

(Nature, March 17, p. 461) on my paper on the Tudor

specimen of Eozoon {Quart. Journ. Geol. Soc, vol. xlvii. pp.

348-55), I should like to say that the whole point of that paper
was that it was based on Sir J. W. Dawson's original type.

The figure of this specimen has been repeatedly republished by
Sir J. W. Dawson, and, in the absence of illustrations or details

of other specimens from Tudor, upon its evidence alone rests

the asserted occurrence of Eozoon in the Tudor limestone, and

the great claims based thereupon. The value of other speci-

mens from this locality was not rated very highly by Sir J. W.
Dawson so recently as September 1888, when he remarked,
" Without additional specimens,'^ and in the case of creatures so

variable as the Foraminifera, it would be rash to decide whether

1 And he previously refers only to
"

tlie specimen,"
"

this very interesting

specimen," "the fine specimen from Tudor," &c.
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the differences above noted ^ are of specific value." - I may add
that I have recently seen the specimens of Tudor limestone ex-

hibited in the Peter Redpath Museum, and my estimate of their

value coincides exactly with that of Sir J. W. Dawson in 1888.
As Sir J. W. Dawson most kindly promises his assistance to

other workers, perhaps he would submit to some of them any
specimens from Tudor which he regards as more conclusive than
his original type.

It would seem rather unnecessary for anyone to trouble to

infer from my paper that Sir J. W. Dawson has "regarded the
Madoc and Tudor specimens as 'Lower Laureniian,'" when
that is so directly stated by Sir J. W. Dawson in his description
of his figure ; viz. "Specimen q{ hozooti caiiadense embedded in

a dark-coloured homogeneous limestone occurring in the Lower
I aurentian series at Tudor, Canada West" {Quart. Journ. Geol.

Soc, vol. xxiii. p. 265). J. \V. GREGORY.
British Museum (Natural History), S.W.

The Theory of Solutions.

In his last letter (Nature, March 3, p.' 415) Prof. Ostwald

repeats his opinion that a theory is
" a complex of laws, grouped

around and derived from a main law," and infers from my letter

that what I term a theory he would term an hypothesis.
If this were the whole point at issue, I could meet it in no

better way perhaps than by referring Prof. Ostwald to his own
works. For example, in his

"
Outlines of General Chemistry,"

are to be found not only numerous instances of the use of the
word theory in its ordinary and accepted sense {e.g., p. 58)
but also cases in which it is employed as synonymous with

hypothesis {e.g., p. 187).
With regard to the definition of s ilutions as mixtures, Prof.

Ostwald maintains that even if hydrates are formed in a solution,
the solution is finally a mixture of the hydrates and the remain-

ing solvent. The real question involved is unaffected by this

explanation. There is no doubt whatever that to the majority
of readers the definition, without any qualifying clause, that
solutions are mixtures leads to one conclusion and no other—
namely, that between solvent and dissolved substance there is no
interaction of a chemical nature. Prof. Ostwald has in his

letters stated that in some cases he considers such interactions
occur ; he has also stated that between chemical and physical
processes he knows of no distinction. The definition is at

variance with both these views, and it seems but fair to conclude
that such discordant statements tend in no way to obviate that

misconception which Prof. Ostwald so often deplores.
In defence of the application of van der Waals's equation to

solutions, a process questioned by me in my letter, Prof.
Ostwald states that van der Waals himself has taken up this

very question. The method by which van der Waals approaches
the subject, curiously enough, furnished the main grounds for my
objections. The most superficial comparison of the complex
formula which van der Waals deduces for a mixture of two sub-

stances, with such an application of his simple gas equation to a
solution as that given in Piof. Ostwald's book, is ample justifica-
tion for my strictures. But apart even from such evidence as to

the inadequacy of the application, the form which it is finally
made to assume is in itself a proof of its incompleteness. By
judicious simplification the application is made to take the shape
of a linear equation in which "

pressure forces due to the inter-

actions of molecules are absent." That is to say, the cohesion
of solvent and dissolved substance, and the mutual reactions of

both, are alike ignored. Further comment on such a method of

accounting for the phenomena of solutions appears to me to be

supeifluous. J. W. Rodger.
London, March 7.

The Limpet's Strength.

The limpet experiments of your esteemed correspondent, Mr.

Percy Aubin, as reported in Nature of March 17 (p. 464)
would have been still more interesting and instructive had he

weighed the animals deprived of their shells.

On April 10, 1890, I published my experiments showing that

the shell-less limpet pulls 1984 times in the air its own weight,
and about double when immersed in water.

' i.e. between the specimen from Tudor and those from other localities.
- "

Specimens of Eozoon canadense" Mem. Peter Redpath Mus., 1888,

Fasting fleas on an average pull 1493 times their own dead

weight.
Other experimenters give the pulling power of the shell-

deprived Venus verrucosa of the Mediterranean, a cockle-like

creature, at 2071 times the weight of its own body.
The force required to open an oyster appears to be I3I9"5

times the weight of the shell-less oyster.

J. Lawrence- Hamilton, M. R.C.S.

30 Sussex Square, Brighton, March 19.

Technical Education for Novelists.

Amidst the many schemes for technical education, could you
not put in a plea for the "author of the popular novel"?

Perhaps the need will best appear from these illustrations taken
from the first 100 pages of a recently published and loudly
heralded work.

(i) Scene—Kinder Scout, Derbyshire. Date— "after the

snows and rains of early April," 1864. Time—after % p.m. "It
was a clear, frosty night, promising ts. ftill moon."

(2) Same place, j5'aj/i?r Eve, 1864. "The wooded sides of

the great moor were fading into dimness, and to the east a

young \\\oox\ was rising." W.
March 12.
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THE ORIGIN OF THE YEAR.
I.

IT
would seem that in the dawn of civilization it was
not at all a matter of course that the sun should be

taken as the measurer of time, as it is now with us
;
and in

this connection it is worth while to note how very various

the treatment of this subject was among the early peoples.

Thus, for instance, it was different in Egypt from what it

was in Chalda:a and Babylonia, and later among the Jews.
In the Egyptian inscriptions we find references to the

moon, but they prove that she occupied quite a subordin-

ate position to the sun ; while in Chaldaea it would seem
that the moon was the chief thing worshipped, and it

was thus naturally the chief means used for measuring
time, and, so far as months were concerned, this, of course,
was quite right. In Chaldaea, too, where much desert

travel had to be undertaken at night, the movement of

the moon would be naturally watched with great care.

An interesting point connected with this is that,

among these ancient peoples, the celestial bodies which

gave them the unit period of time by which they reckoned
were practically looked upon in the same category.

Thus, for instance, in Egypt the sun being used, the

unit of time was a year ;
but in Chaldeea the unit of

time was a month, for the reason that the standard of

time was the moon. Hence, when periods of time were in

question it was quite easy for one nation to conceive that

the period of time used in another was a year when
really it was a month, and vice versa. It has been sug-

gested that the years of Methuselah and other persons
who are stated to have lived a considerable number of

years were not solar years but lunar years
—that is, pro-

perly, lunar months. This is reasonable, since if we
divide the numbers by 12 we find that they come out

very much the same length as lives are in the present day.
There seems little doubt that the country in which the

sun was first definitely accepted as the most accurate

measurer of time was Egypt.
" The Egyptians," says Ranke in the first chapter of

his " Universal History," which is devoted to Egypt,
" have determined the motion of the sun as seen on earth,

and according to this the year was divided, in comparison
with Babylon in a scientific and practically useful way, so

that Julius Ca;sar adopted the calendar from the Egyp-
tians and introduced it into the Roman Empire ;

the

other nations followed suit, and since then it has been in

general use for seventeen centuries. The calendar may
he considered the noblest relic of the most ancient times

which has influenced the world."
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A study of the Egyptian monuments has shown most
conclusively that towards the end of the ancient empire
the Egyptians possessed a year as accurate for calendar

purposes as our own, and that they had been led up to

the knowledge of its true length by successive steps.
As we shall show further on, this earliest of all years

that we know of in history began at the summer solstice.

Since one of the oldest temples at Thebes is oriented to

sunset at the summer solstice, we should be not at all

surprised if investigation shows that when that temple
was built, more than 3000 years B.C., the Egyptian year
really began in what we should call our summer. We
have ample evidence of this. And I think there is little

doubt also that when Stonehenge was built it certainly
was built by people who began their year with the summer
solstice, which is the time of the year in which in many
countries it is the habit still to light fires upon hills and
so on. If we look up the records of the peoples that

lived, say, during the 1000 years preceding the birth of

Christ, we find that the different races began their year
at different times, and even that the same race at different
times began their year differently ; the choice lay among
the equinoxes and the solstices.

Wherever the ancient Egyptians came from, whether

Beginning with the inundation (summer solstice) we
have—

(i) The season or tetramene of the inundation,
(2) ,, ,, ,, sowing,
(3) „ ,> ,, harvest.

From the earliest times the year was divided into
twelve months, as follows :

—

Inundation

Seed time

Harvest

rThoth ...

I Phaophi ...

j
Athyr

l.Choiak ...

[Tybi ...

I Menchir ...

\HhamenothPharmouthi
rPachons ..

I Payni

\lipiphi

...

Mesori ...

End of June (Gregorian;.
. ., July.
• .. August.

September.
October.
November.
December.

January.

February.
March.

April.

May.

Now whether the Egyptians brought their year with
them or invented it in the Nile valley, there is a belief
that it at first consisted of 360 days only, that is $\ days
too little. It is more likely that they brought the lunar

Curve of the Surface of the Nile in 1846.

- £H
a/ii ^uy

^--^Z^r/v^.>^5?^»TcV^ v.'^^^s^
u^:^;»ic/ €/^^^ xy4^ea. tM^i/^

'-
<:?c^'' ,

Mv^
.
Jdi^

'

0-50 raetre= l8'68i Engluh inches. 7'20 metres=23i feet.

Fig. I.—The annual rise and fall of the Nile](from Horner).

from a region where the moon was the time-measurer of

not, so soon as they settled in the valley where the Nile
then as now like a pendulum slowly beat the years by its

annual overflows at the summer solstice, the solar basis
of their calendar was settled.

We can well understand, therefore, since the whole life of
the country depends upon the river, and all the energies
of the inhabitants are connected with the work to be
done during its rise and fall, that the moment of the com-
mencement of the inundation, about the time of the
summer solstice, should be chosen as the beginning of
the year. Hence the perpetual reference to Solstice and
Nile flood in the Egyptian annals.

It might be imagined at first sight that, as the year was
thus determined, so to speak, by natural local causes, the
divisions or seasons would be the same as those which
Nature has given tis. This is not so. Egypt is too near
the tropics, and the local conditions are too different from
our own, to permit of the application of our seasonal
divisions of the year.
As Egypt, in the description quoted by Krall,

"
first

appears like a dusty plain, then as a fresh-water sea, and
finally as a bed of flowers," so the year is divided into
three seasons instead of four.
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month with them, taking it roughly as 30 days (30X 12 =
560), than that they began with such an erroneous notion
of the true length of the solar year, seeing that in Egypt,
above all countries in the world, owing to the regularity of

the inundation, the true length could have been so easily

determined, so soon as that regularity was recognized.
We must not in these questions forget to put ourselves in

the place of these pioneers of astronomy and civilization :

if we do this, we shall soon see how many difficulties

were involved in determining the true length of such a

cycle as a year, when not only modern appliances, but all

just ideas too, were of necessity lacking.
Still it is right that I should state that all authorities

are not agreed as to the use of this year of 360 days.
Ideler 1 considers it very doubtful. Krall,'^ however, urges
that a certain inscription (the trilingual inscription of

Tanis) expressly refers to it.

He adds to this some evidence, which he considers

confirmatory, from religious usages. Thus at Philoe, in

the temple of Osiris, there were 360 bowls for sacrifice,
which were filled daily with milk by a specific i rotation

of priests. At Acanthus there was a perforated cask

I "
Chronologie," i. p. 70.

^ "Studien zur Geschichte des alten Aegypten," i. p. 16,
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into which one of the 360 priests poured witer from the

Nile daily. Krall adds :
— ^

"
It is probable that the year of 360 days dates from

the time before the immigration into the Nile valley,
when the Egyptians were unguided by the regular recur-

rence of the Nile flood. In any case, this must soon have
convinced the priests that the 360-days year did not

agree with the facts. But it is well known to everybody
familiar with these things how long a period may be re-

quired before such determinations are practically realized,

especially with a people so conservative of ancient usages
as the Egyptians."

Supposing the use of this 360-day year to have been

universal, it is perfectly certain that the Egyptians, now
in this part of the Nile valley, now in that, must have got
their calendar into the most hopeless confusion, compared
with which "

the year of confusion " was mere child's-play,
and that the exact determination of the times of sowing,

reaping, &c., by means of such a calendar would have
been next fo impossible.
As each year dropped i\ days, it is evident that in

about seventy years y' _
-M a cycle was accomplished,

in which new year's day swept through all the months.
The same month (so far as its name was concerned) was
now in the inundation time, now in the sowing time, and
so on. Of fixed agricultural work for such months as
these there could be none.

It must have been, then, that there were local attempts
to retain the coincidences between the beginning of
the year and the Nile flood and solstice

;
intercalation of

days or even of months being introduced, now in one

place, now in another
;
and these attempts, of course,

would make confusion worse confounded, as the months

might vary with the district, and not with the time of the

year.
That this is what really happened is, no doubt, the

origin of the stringent oath required of the Pharaohs in

after times, to which I shall subsequently refer.

This year of 360 days had naturally to give way, and it

ultimately did so in favour of one of 365. The precise
date of the change is not known, but it is referred to in

inscriptions of the time of Amenemha 1. {circ. 2400 B.C.).

This, of course, does not exclude the possibility, indeed
even the probability, that it was introduced much earlier.

The five days were added as epacts or epagomena ; the

original months were not altered, but a "
little month "

of
five days was interpolated at the end of the year between
Mesori of one year and Thoth of the next.

When the year of 365 days was established, it was

evidently imagmed that finality had been reached ; and
mindful of the confusion which, as we have shown, must
have resulted from the attempt to keep up a year of 360
days by intercalations, each Egyptian king on his acces-

sion to the throne bound himself by oath before the priest
of Isis, in the temple of Ptah at Memphis, not to mter-
calate either days or months, but to retain the year of

365 days as established by the Antiqui.- The text of the
Latin translation preserved by Nigidius Figulus, cannot
be accurately restored. Only thus much can be seen with

certainty.
To retain this year of 365 days then became the first

law for the king, and indeed the Pharaohs thenceforth

throughout the whole course of Egyptian history adhered
to this year, in spite of their being subsequently con-

vinced, as we shall see, of its inadequacy for a long period.
It was a Macedonian king who later made an attempt
to replace it by a better one
The years of 360 and 365 days to which we have so far

referred are termed in the inscriptions the "little "and
"great" years respectively.

I Loc. lit., p. 20.
" Mommsen, '"

diron^logie," p. 258.
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How, then, was this 365-day year, which had been>

introduced with such pomp and circumstance, regulated ?

This brings us to a new point.

The Heliacal Rising of Sirins.

I have insisted upon the perfect regularity of the rise

of the xXile affording the ancient Egyptians, so soon as

this regularity had been established, a nearly perfect way
of determining the length of the year.

It is also clear that so soon as the greatest northing and

southing of the sun rising or setting at the solstices had
been recognized, and that the intervals between them in

days had been counted, a still more accurate way would

be open to them, especially if, as I believe, the observations

of the solsticial risings or settings were made in temples

(or observatories) accurately oriented to the proper ampli-
tude.

In this way, then, the great natural festival of the year
would be the nearly coincident commencement of the

inundation and the summer solstice.

As I have said, the solstice might have, one may say
must have, occurred with greater regularity than the rise

of the river, so that as accuracy of definition became more

necessary the solstice would be preferred. The solstice was

common to all Egypt, the commencement of the inunda-

tion was later as the place of observation was nearer the

mouth of the river.

Now it seems as if among all ancient peoples each

sunrise, each return of the sun—or of the sun-god—was

hailed, and most naturally, as a resurrection from the

sleep—the death—of night: with the returning sun, man
found himself again in full possession of his powers of

living, of doing, of enjoying. The sun-god had conquered

death, man was again alive. Light and warmth returned

with the dawn in those favoured eastern climes where

man then was, and the dawn itself was a sight, a sensation,

in which everything conspired to suggest awe and grati-

tude, and to thrill the emotions of even uncivilized man.
What wonder, then, that sunrise was the chief time of

prayer and thankfulness? But prayer to the sun-god

meant, then, sacrifice, and here a practical detail comes

in, apparently a note of discord, but really the true germ
of our present knowledge of the starry heavens which
surround us.

To make the sacrifice at the instant of sunrise, prepara-
tions had to be made, beasts had to be slaughtered, and
a ritual had to be followed

;
this required time, and a

certain definite quantity of it
;
to measure this, the only

means available then was to watch the rising of a star,

the first glimmer of which past experience had shown

preceded sunrise by just that amount of time which the

ritual demanded for the various functions connected with

the sunrise sacrifice.

This, perhaps, went on every morning, but beyond all

question the most solemn ceremonial of this nature in

the whole year was that which took place on New Year's

morning, or the great festival of the Nile-rising and
summer solstice, the ist of Thoth.
How long these morning and special yearly cere-

monials went on before the dawn of history we, of

course, have no knowledge. Nor are the stars thus used

certainly known to us
;
of course any star would do which

rose at the appropriate time before the sun itself, whether

the star was located either in the northern or southern

heavens. But in historic times there is no doubt what-

ever about the star so used. The warning-star watched

by the Egyptians at Thebes, certainly 3000 B.C., was

Sirius, the brightest of them all, and there is much
evidence that Sirius was not the star first used.

" Besides the solstice and the beginning of the Nile

flood, there was an event in the sky which was too

striking not to excite the general attention of the Egyptian
priesthood. We also know from the newly-discovered
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inscriptions from the ancient empire that the risings of

Orion and Sirius were already attentively followed and

mythologically utilized at the time of the building of the

pyramids."^
J. Norman Lockyer.

( To be continued.)

THE WINTER STORMS OF NORTHERN
INDIA.

THE physical constitution and history of the storms

of India and Indian Seas is a subject which,
almost from his first association with the Indian

Meteorological Department, Mr. Eliot has made pecu-

liarly his own. Besides nine elaborate, and, as far

as possible, exhaustive, memoirs and reports on the

history of particular storms, two on the tracks and

periodicity of the cyclones of the Bay of Bengal during
the ten years 1877-1886, and an admirable hand-book, in

which he has summarized, for the guidance of seamen, the

characteristic features and behaviour of these storms, his

annual reports on the meteorology of India have always
been replete with the results of his studies of the storms
of the current year ;

and to him is mainly due that

development which has been effected in the system of

storm warnings for the coasts of India in recent years,
and has rendered it one of the most efficient and com-

prehensive organizations for that purpose now in opera-
tion in any part of the world.

Like most other features of the climate, the storms of

India differ very greatly in their leading characteristics at

different seasons of the year. We have, in the first place,
the well-known cyclones and cyclonic storms of the Bay
of Bengal and the Arabian Sea, which are most frequent
when the summer monsoon is at its height, and most
severe at its commencement and termination. These are

generated over some part of the tropical sea north of

latitude 6^, and travel, as is now well known, on tracks

between west and north—most frequently north-west

or west-north-west ; sometimes, however, in the spring
and later months of the year, recurving to north-north-

east or even north-east, as they approach the tropic. In

virtue of their severity and destructiveness, these storms
have attracted far more attention than any others, and
not only Piddington's, but also the writings of most of

his successors, have been almost exclusively devoted to

them.
Of a very different type are the storms that bring the

rainfall of the cold season and the earlier spring months
to Northern India. It would be incorrect to speak of

these as the storms of the winter monsoon (unless the
term be understood, in its strictly etymological sense, as

merely the name for a season of the year), for during their

passage the northerly winds are suspended over a great
part of India, and, with the rarest exceptions, they never

penetrate far into the tropics. These storms, if they
travel, always move from west to east. They have the

usual cyclonic constitution, but the winds have but little

force ; and it was not until the preparation of daily weather
charts for the first time showed their true nature, that

this fact was even suspected.

Many of the features of these cold-weather storms are

very striking and characteristic, and, as has been re-

marked by Mr. Eliot in his reports for 1888 and 1889, the

temperature of Northern India in the cold season is

chiefly determined by their number and character. Each
of them is preceded by a wave of high temperature, and
followed by a cold wave ; except, indeed

—and the exception
is instructive—when the course of the storm is so far

south of the Himalayas that little or no snow falls on the

mountains (see
" Climates and Weather of India," p. 206).

'
Krall, <?/. cit., p. 43. See also Brugsch,

"'

Aeg. Zeit.," 1881, p. i, segq.
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In these cases, which are, however, exceptional, the cold

wave is sometimes evanescent. On the other hand, as

Mr. Eliot remarks,
" the intensity and period [of the cold

wave] largely depend on the amount of rainfall in Northern

India and of the snowfall on the Himalayan mountain

regions, and the height to which the snow-line has

descended." As a rule, therefore, the cold wave follows

the storm, Mr. Eliot gives, in his report, a table of the

changes of temperature from day to day from January 20,

to February 7, 1889, which includes two very characteristic

illustrations of this phenomenon, and which therefore we
extract. The figures show the variations of the observed

mean temperature of each day from the average of many
years for the same day. The crest of each warm wave is

emphasized by strong type and the trough of each cold

wave by italics.

The history of these two storms is as follows, and it

exhibits one or two remarkable and suggestive features,

which will presently be noticed more particularly. The
first disturbance originated (or made its first appearance
in India) on January 22. There were two separate centres

and areas of disturbance, one of which covered the

Punjab Himalaya and adjacent plains from Sialkote to

Roorkee. This filled up [apparently] on the 23rd, after

giving moderate snow on the hills and light showers on

the adjacent plains. The other originated in Rajputana,
and advanced, on the 23rd and 24th, in an easterly direc-

tion, across Northern India into Burma. It gave moderate

general rain to the North-West Provinces and Central

India, and light showers to Behar, Bengal, and Assam.

This first storm was therefore of very moderate intensity.

The snowfall and rainfall were but slight, and in the

Punjab, Bengal, and Burma insufficient to bring down the

temperature below the normal average.
The second disturbance was one of greater intensity, but

like its predecessor had a double centre. One part con-

sisted of a shallow depression, which passed into Sind

from Baluchistan on the 28th, advanced through Central

India, Behar, and Bengal, on the three following days,
and into Burma on February i, where it slowly filled up

during the next three days. The other part \yas
a deep

depression, which formed in the Northern Punjab on the

evening of the 28th, and during the next thirty-six hours

marched slowly to the south-east along the southern face

of the Punjab Himalayas. It filled up very rapidly on the

evening of the 30th, and morning of the 31st of January,
in the South-Eastern Punjab. The double disturbance

gave a very heavy fall of snow over the whole of the

Western Himalaya, bringing the snow-line down to 3500
or 4000 feet, and also general rain to nearly the whole of

Northern and Central India, which was greatest in amount
in the Punjab, the North-West Provinces, and Behar.

As is shown by the table (see next page), the fall of

temperature after this storm was proportionately great,

amounting to 9^° in the Punjab, and to 14° or 15° on the

mean of the day in Guzerat, Central India, and the Central

Provinces. It continued three or four days after the

weather had cleared up, so that the trough of the cold

wave followed the crest of the warm wave after an interval

of five or six days, and each occupied three or four days in

passing from the Punjab to Burma. Mr. Eliot gives eight

charts in illustration of these waves, of which we reproduce
those for January 30 and 31 and February i. They
are projected for the observed temperatures at 8 a.m. of

those days, and show, not the temperatures themselves,

but the amounts by which these deviate in excess or

defect from the averages of many years at the same hour.

The isabnormals of deficient temperature are represented

by broken, those of excessive temperature by continuous

lines.

Mr. Eliot remarks that in the warm waves the greatest

excess is generally exhibited by the night temperatures ;

and in a table which he gives of the deviations of the

daily maxima and minima from their respective normal
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show that for a day or two previously to the appearance of

the storm-centre in North-Western India light southerly
or easterly winds prevail over Northern India, accom-

panied with increasing but not dense cloud, and a steady
rise of vapour tension, which, as Mr. Eliot points out, is

only in part explained by the increase of temperature.
The distribution of the cloud is well marked and

characteristic. "An examination of a large number of

these storms shows that they invariably give light cloud

to the south-east of their tracks, moderate cloud to the

east, and overcast skies to the north. In fact the largest

development of cloud usually occurs in the northern and
north-eastern portion of the depression, and at a con-

siderable distance to the north of the depression, as

indicated by the isobars, . . . and usually in the hill

districts, and adjacent plain districts of Northern India.

Hence the cloud distribution appears to indicate that the

ascensional motion accompanying these storms com-
mences to the south, and proceeds slowly in the eastern

quadrant, and is completed in the northern quadrant.
The cloud thins off rapidly in the north-west quadrant,
and in the west and south-west portions of the depression
the skies are clear.'' These observations are very

important; they show that the damp, warm air of

southerly origin is absolutely restricted to the eastern

side of the depression, for it is, so to speak, hall-marked

by its freight of vapour, and this manifests its presence,
and also indicates the region of its ascent and withdrawal
from the earth's surface, by forming a thick cloud canopy,
on the north and north-east chiefly. This too, of course,
is the region of heaviest rain and snow fall.

The wave of warmth that precedes the depression is

thus clearly explained by the unseasonable replacement
of northerly by southerly winds ;

and since the warmth

depends not only on the derived temperature of the air,

but also, and in a very great measure, on the check given
to nocturnal radiation by cloud and vapour, while it is

not dense enough greatly to obstruct the solar rays, it is

sufficiently obvious why the night temperatures should

show a greater excess than those of the day-time.
For the reduction of the temperature in the cold wave

that follows the depression, three distinct causes may be

assigned : viz. the contact of a snow surface down to low
levels on the Himalaya and Afghan mountains, from
which are drawn the north-west winds of the western
half of the storm ; the evaporation of the rain that has

fallen on the plains, and is rapidly taken up by the very

dry air that has descended from the mountains
;
and

lastly, the increased nocturnal radiation in this dry
atmosphere under a cloudless sky. Of these it would
seem that the first and second are the most influential.

This seems to be indicated by the facts already quoted
—

that the intensity of the cold largely depends on the

rain and snow fall, and the level to which the latter

descends,^ also that when the storm centre lies so far

south of the mountains that little or no snow is precipi-
tated on them, the cold wave does not always follow. It

is further supported by the fact noticed by Mr Eliot, that

the relative depression of the day temperature in the

cold wave is frequently greater than that of the night
hours. This effect of the snow is the more remarkable,
when we consider that, in descending to the level of the

Indo-Gangetic plain, the air must, of course, be dyna-
mically heated about 5^" for each thousand feet of

descent. Nearly all this heat must have been expended
in melting the snow, since the air arrives at the level of

the plains dry and cold
;
so much so, indeed, that the

further cooling it undergoes, in consequence of the

evaporation of the rainfall and nocturnal radiation, brings

I Some of the lowest temperatures hitherto recorded in Nonhern India
were thoss observed in the first week of February 1883, four or five days
after a storm which covered with snow the plain around Rawulpindi, only
1700 feet above the sea; down to a level therefore unprecedented in the

meteorological annaU of India. Se; Report on the Me'.eorology of India in

1883 ; also " Climates and Weather of India," p. 204.
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down the night temperature of the plains sometimes as
much as 13' below that of mountain ridges at 7000 feet.

It remains to notice the barometric features of these

storms, for, if less striking than the vicissitudes of tem-

perature that accompany them, they afford matter of much
interest, and suggest questions of a wider bearing than
such as have reference merely to the local circumstances
of the sub-tropical zone. The barometric depression of
these winter storms is as a rule very small, and the gradients
are very low. On the Indian weather charts the isobars
are laid down for increments of one-twentieth of an inch

;

but it is seldom that the storm vortex, when launched on
the plains of India, is encircled by more than one or two
closed isobars, and sometimes its position can only be

gathered from the figures in the accompanying table of
the reduced barometric readings, or recognized by the

oblique inflection of the wind arrows. Such was the case
with both the January storms, noticed above, which
travelled across India to Burma, and also the Punjab
secondary depression of January 22, 1889. But that

which formed in the Punjab on January 28, and which is

described as a stationary storm, was of a much more pro-
nounced character, and for three days determined the

leading features of the distribution of pressure all over
North-Western India, the isobars being only slightly
modified by the travelling depression further south. Of
a similar type was the storm at the end of January 1883,
of which illustrations are given in the report on the

meteorology of India for that year. This too appears to

have lingered in the angle of the Punjab inclosed by the

Himalaya and the Afghan mountains, and the question
forces itself upon us, whether there is not something in

the physical features of this part of the country that

favours the development of such vortices, and detains
them while the feebler and shallower depressions that

form part of the same general disturbance, pursue their

course eastward across the plains. Mr. Eliot remarks
on the effect of the Himalaya in causing a forced ascent
of the southerly vapour-bearing winds, thus localizing the
maximum precipitation on the north and north-east of the

depression ;
and it is possible also that the angle at which

the mountain chains meet on the north of the Punjab,
inclosing the plain of that province, may not be without
its influence in favouring the development and detention
of the vortex.

It is still very obscure what are the general causes that

determine the appearance of these storms in India. At
one time it seemed to me probable that their origin was
to be sought for in the local conditions of India itself, and
even now I see no reason to question that, as distinct

vortices, very many, perhaps most, of them originate on
the plains of India

; especially in such cases as the

succession of storms in the earlier part of January 1883, of

which a brief description was given in the " Climates and
Weather of India." Mr. Eliot, too, seems to hold a similar

view, since he speaks sometimes of storms "
forming" in

Rajputana, &c., sometimes merely as "
first appearing

"
in

Sind, Rajputana, or the Punjab. But in some of these

instances there is evidence that the appearance of the

storm on the plains of the north-western frontier was

preceded by stormy weather in Afghanistan, indicating
that the disturbance had reached India from that country
or Baluchistan

;
and Mr. Eliot distinctly identifies a storm

that appeared in the Punjab on January 9, 1889, with one
that had been experienced at Bushire at the head of the

Persian Gulf, on the 7th and 8th.

In this matter, we must distinguish between the

barometric depression, which appears like the trough of

a great atmospheric wave of very great extent both in

longitude and latitude, sweeping across the country from
the westward, and the vortex, or in some cases vortices,
which are, as a rule, merely local and subordinate features
of the former. No doubt, it is the passage of one of these

troughs that in all cases determines the formation of the
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storm ; but, except when the advent of a vortex can be

distinctly traced to the highlands of the western frontier,

it seems very likely that its development and duration are

in some degree influenced by the local conditions of the

land surface, such as have been already noticed in the

case of the Northern Punjab ;
and its intensity would

seem to be mainly dependent on the amount of snow and

rain that is precipitated.
From what has been said above, the general resem-

blance of the winter storms of Northern India to those

of our own latitudes will be sufficiently obvious. In their

eastward movements, the localization of the rainfall,

the contrasted temperature conditions of the opposite

quadrants, and many other particulars, we may recognize
their essential identity. But certain features which are

more or less blurred in our European storms, in those that

we are now dealing with stand out with much clearer

definition ; and they seem calculated to throw not a little

light on the still vexed question of storm generation, and

perhaps to reconcile some of the very conflicting views

that now prevail on this subject. As Mr. Lewis Morris

says of the old Greek myths—

" These fair tales which we know so beautiful

Show only finer than our lives to-day
Because their voice was clearer and they found
A sacred hard to sing them"—

so may we say of these manifestations of aerial action in

India. The phenomena are similar in kind to those
that pass before our own eyes, but they stand out,
accentuated by the circumstances of the climate and

country, with a clearness and prerogative emphasis that

we may seek for in vain in the confused and kaleido-

scopic weather phases of these latitudes. We read
their meaning almost at a glance, as we gather that

of a printed page, and have not laboriously to pick
out and piece together the obscure facts that express it,

as with painful effort we might decipher the faded and
half-concealed characters of a monkish palimpsest. And by
good fortune, we have at the head of the Indian Meteoro-

logical Department an accomplished mathematician and

physicist, who appreciates to the full the rich opportuni-
ties of his charge, and who knows how to marshal and

interpret his facts as well as record them.
Henry F. Blanford.

THE MAGNETIC STORM OF FEBRUARY
13-14, 1892.

THE Superintendent of the U.S. Naval Observatory
sends us the following records of the magnetic storm

of February 13 :
—

" The records of this unusually severe magnetic
storm are of especial interest as occurring at the same
time as the fine displays of auroras and the appearance of

a large group of sun-spots.

"The first increase in the horizontal force was followed

by a rapid decrease, the force falling to much less than
its usual strength, with rapid changes. Its change during
the storm was 24 per cent, of its mean strength. The
vertical force decreased so much that the sensitive

balanced magnet used to record it was upset at 8 p.m. of

the 13th, and its further record lost.
" The aurora; were seen at Washington at about 2 a.m.

and 7.30 p.m. of the 13th, the latter time being marked by
an unusually disturbed condition of the magnets."
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" The magnetic storm commenced suddenly at 1 2.40 a.m.

(75th meridian time), February 13, with a movement of
the north end of the declination magnet to the westward,
and a rapid increase in the horizontal and decrease in the
vertical components of the earth's magnetic force.

" The north end of the declination magnet remained to

the westward of its normal position until 10.30 a.m., when
it crossed to the eastward, all the time oscillating violently,
and did not return to the normal until 8 p.m. of the 13th,
after which it kept oscillating on each side of its mean
position until the end of the storm. It registered a change
of direction of ih\
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WILLIAM DITTMAR.
A LL who take an interest in the progress of chemistry'^^ will regret the death of William Dittmar ; a smaller

circle feel that they have lost an invaluable friend. Born
at Umstadt, near Darmstadt, April 15, 1833, he was the
second son of Fritz Dittmar, then Assessor at Umstadt,
afterwards Landrichter at Ulrichstein, in Ober-Hessen,
where he took a part in the movements of 1848 dis-

pleasing to the Hessian Government, who removed him
from office, allowing him to retire on a pension. At the

age of sixteen, therefore, William became a resident in
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Darmstadt, where his father spent his enforced leisure.

He was apprenticed to the Hof-Apotheker in Darmstadt,
and in due time passed his

"
Gehiiife Examen" with dis-

tinction. He had access to a good collection of books on

chemistry and physics, which he eagerly read. He went
as Gehiiife to Miihlhausen in Alsace, where he spent
several years, and returning to Darmstadt passed the
"
Staats Examen "

in pharmacy, passing in the first class.

But the attraction of pure chemistry prevailed, and in

1857 he went to Heidelberg. Bunsen soon saw what
kind of student he had got, and appointed him assistant
in the laboratory. There he met Sir Henry Roscoe, who
invited him to Manchester as his private assistant. On
Roscoe's appointment as Professor of Chemistry in the
Owens College, Dittmar went with him as assistant. In
1 861 he became chief assistant in the Edinburgh Uni-

versity Chemical Laboratory under Prof. Sir Lyon Play-
fair. In 1869 he went to Bonn, where he acted first as
Privatdocent and afterwards as Lecturer on Meteorology
at the Agricultural College at Poppelsdorf. In 1872 he
declined the Chair of Chemistry in the Polytechnic
School at Cassel, preferring to return to Edinburgh to his
old post in the University. Here he remained only a
few months, accepting in 1873 ^he Lectureship on
Practical and Technical Chemistry in the Owens College.
Thence he removed to Glasgow to succeed Prof. Thorpe
in the Chair of Chemistry in the Andersonian College.
This office he held till his death, February 9, 1892. He
died literally in harness. He lectured in the morning,
but not feeling very well, went home in the middle of the

day, and after a few hours' illness died at 11.30.
He was a Fellow of the Royal Society and of the Royal

Society of Edinburgh. In 1887 the University of Edin-

burgh conferred on him the degree of Doctor of Laws.
The Philosophical Society of Glasgow awarded him last

year the Graham Medal for his investigation into the

composition of water.
Dittmar was a man of great intellectual energy, which

always took a practical turn, indeed it is rare to see a
man so truly scientific in all the operations of his mind
so free from speculation. Not that his imagination was
unused, but so prominent before him was the practical
result to be obtained, that it gave a character of reahty
to the whole process by which he sought to reach it.

His most important work was analytical. His great
investigation into the composition of the specimens of
sea-water collected by the Challenger Expedition is a
masterpiece of judgment and skill, important not only for
its results, but perhaps even more for its methods. We
may mention also his determination of the atomic weight
of platinum, his method for the analysis of chrome iron

ore, his examination of the alkaline hydrates and car-

bonates, and the gravimetric determination of the com-
position of water. But he did not confine himself to

analytical work. He published along with Kekule a

paper on oxymethylbenzoic acid, the first aromatic
alcohol acid

;
and also while at Bonn obtained glutaric

acid by the reduction of Ritthausen's glutanic acid. He
did much excellent work in physical chemistry. We may
mention the determination of the vapour-pressures of
formate of ethyl and acetate of methyl, his work on the
dissociation of sulphuric acid and on the relation of the

composition of acids of constant boiling-point to the

pressure under which they are distilled. He made the
construction of the balance a subject of special study,
and the balances constructed for him by Oertling and by
Staudinger are models of convenience and accuracy.
But Dittmar was greatest as a teacher. Patient and

careful, he helped his students where they needed help,
and led them to think and work for themselves. He had
no ambition to make his pupils analyzing machines ; they
had to understand all that they did. Gradually his great
power as a teacher came to be appreciated, and latterly
his laboratory was filled with enthusiastic pupils. Those
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whom he has trained are his real works on analytical

chemistry; but others can learn much of his method from
his admirable treatise on qualitative analysis.

A. C. B.

SERENO WATSON.
nn HE last American mail brought the sad intelligence

-*- of the death of this indefatigable botanist, upon
whom, in one sense, the mantle of Asa Gray fell barely
four years ago. Early in the year he was seized with a
bad attack of grippe, and although he rallied and was
better for a time, he never recovered strength, and finally
succumbed on the 9th inst., in the sixty-sixth year of his

age. Of his early life we know nothing, but he appears
to have published no botanical work previous to 1873,
about the period that he was appointed Herbarium
Assistant to Dr. A. Gray at Harvard. From that date,

however, onward until within a few months of his death,
he was, next to Gray, the most active writer on North
American Phanerogams. Much of his work appeared
originally in the Proceedings of the American Academy
of Arts and Sciences, under the title of " Contributions
to American Botany," numbered consecutively, the last

being the eighteenth. These consist principally of

monographs of North American genera and descriptions
of novelties. He was also the principal author of
the "

Botany of California," the last volume of which

appeared in 1880
;
and since the death of Dr. A.

Gray, he in conjunction with Prof. J. M. Coulter
has edited the sixth edition of the deceased author's

valuable " Manual of the Northern United States."

This work has been considerably decried by contem-

porary American botanists, because Watson did not in-

troduce the changes in nomenclature consequent on a
strict and unqualified observance of the law of priority.
But in this conservatism he doubtless followed the wishes
of his former master, and enjoyed the sympathies of

those whose experience teaches them that it is much
easier to make these changes in books than to carry
them into practice. Watson had a still more important
work in hand, for he had undertaken the continuation of

Gray's
"
Synoptical Flora of North America." How far

this is advanced we do not know, but it is not probable
that it will see the light on the same lines as the pub-
lished volumes, or as he would have continued it. Un-
fortunately, an exceedingly useful work, commenced
during the early part of Watson's engagement at Har-

vard, was never completed. We allude to his
"
Biblio-

graphical Index to North American Botany," which was

only carried to the end of the Polypetate. To a great
extent, Gray's

"
Synoptical Flora " takes its place, so far

as the Gamopetalte are concerned
;
but it is difficult to

find one's way in the remaining groups. Though Sereno
Watson was of a retiring disposition, and did not belong
to the teaching body, nor take a prominent part in the

gatherings of scientific men, yet the loss of him will be

widely felt and deplored. He was elected a Foreign
Member of the Linnean Society of London in 1890, but he
was not a man who craved after honours and distinctions.

NOTES.
It seems almost incredible that the Treasury should think of

stopping the publication of the Kcw BitUeiin simply because it

does not quite pay its own expenses. The periodical, as our

readers know, is one of high value, both from the scientific

and the industrial point of view, and, if the Treasury persists in

the design attributed to it, something ought soon to be said on

the subject in Parliament by the scientific members. The Times

has argued strongly against the proposed step, and the view it

has expressed will be shared by all who are capable of forming
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an intelligent opinion on the subject. It cannot be expected
that a very large number of copies of the Bulletin will be sold,

as it is really more useful to our colonial Governments than to

individuals either here or in the colonies.

The Council of the Royal Society of New South Wales has

awarded to Mr. W. T, Thiselton-Dyer the Clarke Memorial

Medal, in recognition of his distinguished services in the cause

of botanical science, and especially on account of his labours in

connection with the development and organization of the Bota-

nical Departments for the Colonies and India, at the Royal

Gardens, Kew. The medal has been forwarded with a letter,

dated December 23, 1891, in which Mr. W. H. Warren, the

Honorary Secretary, says:
—"The Council fully appreciates

the beneficial effects which this colony (in common with the

other British possessions) has already derived and will continue

to derive from the foresight and scientific zeal you have displayed
in the building up of the Colonial Departments of your institu-

tion ; the Council is also aware of the assistance which the

Department under your direction has given to institutions in

Sydney, and is not unmindful of the fact that the first collections

obtained by the Sydney Technological Museum were received

from the Museum of the Royal Gardens, Kew. The Council

trusts that you will therefore accept the medal, as a token on

(he part of this Society of the appreciation in which your work
i s held in Australia." Mr. Warren's letter, with Mr. Thiselton-

Dyer's answer, is published in the new number of the Kew
Bulletin, In a prefatory note the Director of the Royal
Gardens explains that in publishing the correspondence he feels

"he is only putting on record a mark of appreciation as hand-

some as it is spontaneous, on the part of one of the most dis-

tinguished of the colonies of the Crown, of the usefulness of

the official work which the Kew establishment could alone

accomplish with the continuous and loyal assistance of every
member of its staff."

Students of archaeology will be glad to hear that Mr. F. C.

Penrose has gone to Greece to carry on his investigation of the

dates of Greek temples as derived from their orientation. He
hopes to determine the oiientation of many foundations not

included in the list given in his recent paper on the subject.

He will also verify, as far as possible, the approximate results at

which he has already arrived.

On March 28 many educational institutions in Austria and

Germany will celebrate the three hundredth anniversary of the

birth of Johann Amos Comenius, one of the most illustrious of

pedagogues. The Austrian Government, however, has for-

bidden the proposed celebration in Bohemia. Comenius was

by birth a Moravian. He anticipated many of the best ideas

of our own time on education, and by his numerous writings
and his great personal influence produced a profound impression
on his contemporaries. Charles I. invited him to England to

improve the organization of English schools; but the outbreak

of the Civil War made it impossible for him to give effect to his

ideas in this country.

Prof. Griesbach lately forwarded to Vienna various fossils

which he had collected during his geological explorations in the

Central Himalayas on behalf of the Government of India, They
resemble so closely fossils found in corresponding Alpine strata,

that they have excited much interest ; and the Royal Imperial

Academy of Science, Vienna, has determined, with the co-

operation of the Indian Government, to send an exploring

party to the Central Himalayas to compare their geological
features with those of the Eastern Alps. The leader of the

party will be Dr. Carl Diener, lecturer on geology at the Uni-

versity of Vienna. Dr. Diener is President of the Vienna Alpine
Club, and is well known as the author of a work on the geo-
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logical structure of the Western Alps. He will start for Brin-

disi on April 10, taking with him two Tyrol guides. The

expedition will last six months.

The anniversary meeting of the Chemical Society will be

held on March 30 at 4 p.m.

Dr. George Buchanan, F.R.S., who has long been known
as one of the highest authorities on sanitary science, is about to

erisgn the post of medical officer to the Local Government Board.

The following are some of those who have consented to serve

on the jury for the Crystal Palace Electrical Exhibition :
—Prof.

W. Grylls Adams, Prof. W. E. Ayrton, Mr. Shelford Bidwell,

Prof. W. Crookes, Major-General Festing, Prof. George Forbes,

Captain Sir Douglas Galton, Dr. J, H. Gladstone, Prof. D. E.

Hughes, Mr. W. H. Preece, Prof. Silvanus Thompson.

On Monday evening Mr. Kimber asked the Chancellor of

the Exchequer why the British Government had not concurred

with the other European Governments in joining the Inter-

national Geodetic Bureau of Vienna, In reply, Mr. Goschen

said the question of joining the reconstituted International

Geodetic Bureau was raised just five years ago, the condition

being an annual contribution of 225of. a year for ten years,

besides the expense of sending delegates to attend the meetings

of the Bureau. "Our experience of the International Metric

Bureau at that time," Mr. Goschen continued, "showed that

! the expenditure upon such undertakings tends to increase out of

proportion to their actual utility, and it was considered that the

,
practical advantages of joining the Geodetic Bureau were not

I

sufficient to justify the guaranteeing of the sum named. So far

j

as I am aware, the question has not been mooted since."

The first annual meeting of the North-West of England

Boulder Committee was held at the Technical School, Stock-

pott, on the 19th inst. The year's work has been eminenilv

practical and useful. The Committee, in addition to contributing

a very large portion of the Report of the Erratic Block Commit-

tee of the British Association presented at Cardiff, have read

and discussed more than forty papers and reports at their

monthly meetings ; these they now propose to print inde-

pendently. Maps on the one-inch and six-inch scale have been

acquired, partly by purchase and partly by presentation, includ-

ing a valuable set from Sir A. Geikie, F. R.S., Director-General

of the Geological Survey. On these good progress has been

made, by a distinctive system of symbols, in showing the position

and origin of the boulders over a large area. A thoroughly

practical "Drift Primer" has been drawn up by the Secre-

tary and approved by the Council of the Committee for

the instruction of observers, and has circulated beyond

the limits of the Committee. Boulder-forming rocks have

been collected in England and Scotland, for reference pur-

poses, and the nucleus of a Glacial Drift library formed. The

Annual Report shows a large increase of members outside the

original district of observation, and it was therefore decided

that henceforth the title should be altered to "The Glacialists'

Association," and that the rules be altered so as to include the

whole of " the British Isles." The President, Mr. De Ranee,

and the Secretary, Mr. Percy Kendall, were re-elected, and

the following Vice-Presidents were elected: Vice-Chancellor

Sir Henry Bristowe, Mr. Brockbank, Mr. Gray, Alderman

Kay, and Dr. Ricketts, and a Council of fifteen.

Among the contents of the new number of the ICeiv Bulletin

is an interesting account of the Spanish Broom as a fibre plant.

Some time ago a French scientific journal printed a notice respect-

ing the use of the fibre of the Spanish Broom among the peasants

in the neighbourhood of Lodeve, and in the remote hamlets in the

mountains of Languedoc. .^n effort was made to secure speci-
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mens of the fibre, and of articles produced from it, for the col-

lections in the Museums of Economic Botany at Kew. It was

with the utmost difficulty that specimens were obtained ; but

ample material for arriving at a definite conclusion with regard
to the origin and character of "Genista fibre" was at last

received. There is now in the Kew Museums a complete set,

consisting of twigs, fibre in various stages of preparation, as well

as yarns and coarse cloths. These were sent by Mr. Consul

Perceval. There is also a sample of coarse sheeting received

from M. Geofifroy St. Hilaire through the English Embassy
at Paris. These fully illustrate the fibre industry connected

<fi\\}c\. Spartium {QiGXixiXz.) jujtceiun. "It is evident," says the

Bulletin, "that this interesting rural industry is fast dying out

in France. It may be said to exist now only in very remote

hamlets in the Cevennes. The inquiries made by Kew were

therefore only just in time to secure the last specimens of cloth

made in the laborious fashion before the days of rapid com-

munication and the introduction of cheap cotton and other

goods."

One of the most interesting of recent additions to the

Museums of Economic Botany at KeAr has recently been

received from Sir John Kirk. It consists of a large sheet of

bark cloth prepared by the natives of Uganda from the inner

bark ofa species oi firachystegia, a small genus of trees belong-

ing to the Ccesalpinece sub order of the natural order Legu-
minosiT. Various details relating to the use of Brachystegla as

a source of bark cloth are given in the current number of the

Kew Bulletin. The same number contains sections on oil palm
fibre and the sources of rubber supply.

Anyone who may desire to devote himself to the study of

Finnish archaeology and folk-lore will find ample material for

study in the information collected by the late Dr. H. A. Rein-

holm, He was chaplain of the prison, and pastor of the Lutheran

congregation, at the Fortress of Sveaborg, near Helsingfors,
and for many years devoted the whole of his leisure time to the

amassing and arrangement of facts relating to the life of the

Finnish people in past times. He died in 1883. Only a few

results of his researches have been published. By far the greater

part of his work is preserved in manuscript in the Historical

Museum at Helsingfors. An interesting account of .the labours

of this indefatigable investigator is given in the current number

of Globus.

Mr. R. H. Scott delivered a lecture at the Royal United

Institution on March 18, on a subject of much iuiportance to

meteorologists in this country, viz. "Atlantic Weather and its

connection with British Weather." He pointed out that less

than a quarter of a century ago, before synchronous charts were

in vogue, it would have been impossible to have traced a storm

across America and the Atlantic to our own coasts ; but this can

now be done with considerable certainty. The broad principles

which govern the weather system of the Atlantic were shown on

two diagrams exhibiting the mean pressure, and the regions of

greatest disturbance of temperature, on the globe, in our winter.

The latter chart showed that, at that season, the relatively

warmest district is near Iceland ; and the barometer chart

showed that close to the same region the barometer is lowest.

The reasons of these relations, which involve the first principles

of modern weather knowledge, were fully explained. The more

northern part of the Atlantic area interests us the most. The
whole region from 40° to 70" N, is constantly visited by cyclonic

depressions, and in order to throw some light on the origin and

history of these depressions, and of the storms which they at

times bring with them, various institutions have published daily

maps of the weather in the Atlantic. The most complete of

these maps were published by the Meteorological Office for

thirteen months, commencing with August 1882. The last
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twelve of these months have been carefully examined, and show
no less than 264 depressions in various parts of the ocean. Of

these, out of 62 which originated south of 40 N. , only 16 had

sufficient energy in them to cross the meridian of Greenwich,,

while out of 22 which originated further south only 1 1

crossed the Atlantic, and these were not all felt as actual storm-;

in this country. The practical outcome of obtaining telegrams
from America has not been satisfactory, but this failure has

probably been mainly due to the fact that the reports
" have

been neither numerous nor full enough." This accurately re-

presents the case at the present time ; but we hope it is not too

much to expect that, with our present knowledge of the paths
taken by depressions with regard to areas of high pressure, some

further advance may shortly be made in predict ing storms by
means of more numerous and fuller telegraphic reports both

from outward and homeward bound ships.

The following are among the lecture arrangements at the

Royal Institution for the period after Easter :
—Prof T. G.

Bonney, two lectures on " The Sculpturing of Britain—its Later

Stages" (the Tyndall Lectures); Mr. Frederick E. Ives, two

lectures on "Photography in the Colours of Nature"; Prof.

Dewar, four lectures on " The Chemistry of Gases
"

; Prof. H.

Marshall Ward, three lectures on " Some Modern Discoveries

in Agricultural and Forest Botany
"

(illustrated by lantern).

The Friday evening meetings will be resumed on April 29,

when a discourse will be given by Dr, William Huggins on
" The New Star in Auriga" ; succeeding discourses will prob-

ably be given by Captain Abney, Dr. B. W. Richardson, Mr.

J. Wilson Swan, Sir James Crichton- Browne, Mr. Ludwig
Mond, Prof. Dewar, and other gentlemen.

A GOOD seam of coal from 7 feet to 8 feet thick has been

discovered by Mr, Hughes, of the Indian Geological Survey, on

the banks of the Tenasserim River, which is navigable to that

point. The Government of India has sanctioned the grant ofa

large concession in Mergui to Ah Kwi, a wealthy Chinese resi-

dent of the Straits, to prospect for tin. According to the

Calcutta correspondent of the Times, this is the first attempt to

encourage on a large scale the mining industry in Mergui.

Messrs, Crosby Lockwood and Co. have issued the

fourth edition of Mr. Primrose McConnell's "Note-book of

Agricultural Facts and Figures for Farmers and Farm

Students." The author was originally induced to prepare the

volume by noticing the great value of Molesworth's "Pocket-

book of Engineering Formulje
"

to engineers, and of similar

books to those engaged in other professions. It occurred to

him that a book compiled in the same style, and devoted to

farming matters, could not fail to be useful as a ready means of

reference for refreshing the memory. The success of the "Note-

book" has proved that he was right. The progress of agri-

cultural practice and science has been so rapid that it has been

necessary for him to rewrite the greater part of the hook, and

nearly twice as much matter is given in the present edition as

was contained in the earlier issues. The use of a slightly

longer page and thinner paper has prevented the size of the

volume from being much increased.

The Agricultural Research Association for the north-eastern

counties of Scotland has issued its annual report for 1891. It

includes a valuable paper on " Root Hairs," in which Mr. T.

Jamieson presents the results of a laborious investigation he has

carried on during the past three years. He also gives some

hints on permanent pasture, and brings together various items

of information which are likely to be of immediate benefit to

farmers.

If we may judge from its twenty-sixth annual report, the

American Society for the Prevention of Cruelty to Animals is



March 24, 1892] NA TURE rQ7

doing much good work. During the past year it prosecuted no

feuer than 17,847 cases in the courts. Through its efforts

49,118 disabled animals were temporarily suspended from work ;

34,264 horses, disabled past recovery, were humanely destroyed ;

6444 disabled horses were removed from the streets in an

ambulance. The number of prosecutions and other official

interferences was larger than in previous years, but it does not

follow that cruelty is more common than it was. The increase

is due to the greater vigilance of the Society's officers.

In a paper contributed to the current number of the Journal

of the Franklin Institute, Prof. Lewis M. Haupt argues strongly

in favour of the construction of a ship canal between New York

and Philadelphia, connecting the Delaware and Raritan Rivers.

Such a canal would, he maintained, extend the Erie Canal and

its benefits to Philadelphia, and open to its manufacturers over

16,000 miles of waterways in the great basin of the Mississippi.

It would reduce the distance by water to New York harbour

from 240 to about 60 miles, would affiard an inside and safe

passage to Eastern, Sound, and Hudson River ports ;
would

develop a large population along the entire route, and so benefit

the railroads traversing the district.
" In sliort," says Prof.

Haupt,
" the effect would be to reduce the rate per mile, as well

as to shorten the distance between the two greatest centres of

population on the American continent, or, we may say, in the

world
; for nowhere else on the globe is it possible by so short

and inexpensive a waterway to connect such large populations

and so many and valuable interests."

The Bethlehem Iron Company, Pennsylvania, is to erect at

the Chicago Exhibition a full-size model of its 125-ton steam

hammer, said to be the largest in the world. It will span the

main avenue of Machinery Hall, and will rise to a height of

90 feet. At the last Paris Exhibition great attention was

attracted by a similar model shown by the Creusot works, but

representing only a 100-ton hammer.

Baron von Mueller records, in the Victorian Naturalist

for February, that, while elaborating diagnoses of new Papuan

plants, he was pleasantly surprised to find among the novelties

an Antholoma. This genus has hitherto been supposed to be

restricted to New Caledonia. The Papuan species is dedicated

to Prof, van Tieghem. The denticulation of the leaves, the

elongation of the setule of the anthers and the three-celled

ovulary already separate A. Tieghemi from A. moutanum.

Among the novelties are also Oxalis {Biophytum) albiflora,

Sloatiea Forbesii, which approaches S. qtiadrivahis in many

respects, but is petaliferous, and Quintinia Macgregori is

particularly remarkable.

A "Treatise on Physical Optics," by Mr. A. B. Basset,

will be issued shortly by Messrs. Deighton, Bell, and Co.

The proper title of Mr. A. E. H. Love's work (included in

our list of forthcoming scientific books last week) is
" A Treatise

on the Mathematical Theory of Elasticity."

Messrs. Nalder Bros, and Co. have issued price lists,

carefully illustrated, of their electrical testing and other scientific

instruments, and of their ammeters and voltometers, resistance

frame?, &c.

Messrs. Dulau and Co. have issued Part xvii. of their

"Catalogue of Zoological and Palxontological Books." It

contains lists of works on Mollusca and Molluscoida.

In Mr. George S. Carr's letter on the terms "centrifugal

force
" and "

force of inertia
"
(Nature, p. 463), in the second

sentence of the second paragraph, read "in every case as the

reaction to the normal component of the centripetal force
"

(not

"centrifugal"),
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At the meeting of the Belgian Academy of Sciences

on March 6, Prof. Spring announced that the late Prof

Stas had left, in an almost completed condition, a long and

important memoir describing the results of several further

stochiometrical investigations. It is entitled "Silver," and will

forthwith be edited, presumably by Dr. Spring, and published.

It may be remembered that, after the publication of Prof. Stas's

classical memoir upon the preparation of absolutely pure silver

and the atomic weight of that metal, doubts were thrown by

Prof. Dumas on the validity of the work on the ground that the

silver employed was not free from occluded atmospheric gases.

Moreover, Prof Dumas expressed doubts as to the bearing of

the work upon the celebrated hypothesis of Prout, according to

which the atomic weights of all the other elements are supposed

to be multiples of that of hydrogen. For, if silver possessed

the atomic weight attributed to it by Prof. Stas, the atomic

weight of oxygen became I5'96 and not the whole number 16,

and consequently Prout's hypothesis in its original form would

be negatived. In order to set these doubts at rest, and to leave

his work in a perfected condition, Prof Stas has prepared a

quantity of silver with such extreme precautions that he has

succeeded in obtaining it entirely free from occluded gases, and

from even the minutest traces of the materials of the vessels

employed. So perfect is the purity of this silver that even when

heated to the temperature of the melting-point of iridium not a

trace of sodium can be detected in the spectrum of the vapour.

With this silver he has repeated his former determinations of

the atomic weight of the metal, and it is satisfactory to learn

that the final number obtained is, as Prof Stas himself expected

it would be, identical with that formerly obtained. Hence, the

objection of Prof. Dumas cannot longer be entertained, and

the atomic weight of oxygen would indeed appear to t)e 15 '96

and not 16, for the numbeis obtained by Prof. Stas agree so

remarkably that an error of four-hundredths of a unit would

apparently be out of the question. In addition to this im-

portant memoir, Prof Stas has also left the data of a series of

twelve separate delerminp.iions of the stdchiometric relation of

silver to potassium chloride, the materials for which were the

pure silver just described, and a specimen of potassium chloride,

also prepared with a care and precaution quite in keeping with

the rest of the work of the great analyst. The results of these

determinations are described by Prof. Spring a; agreeing in a

most wonderful manner, and will afford another valuable base to

which the atomic weights of many other elements may be re-

ferred. Besides these two memoirs, a third is mentioned by

Prof Spring, relating to the specira of several metals which Prof.

Stas has obtained in the purest state in which these metals have

ever probably been seen. The whole of these memoirs, con-

sisting of about fifteen hundred pages of manuscript, it is

intended to publish forthwith in three separate treatises.

The additions 10 the Zoological Society's Gardens during the

past week include a Ring-necked i'arraktet (Palteornis ton/uatus

6 )
from India, presented by Mr. George H. Whitaker ; a Grey-

breasted Panakeet {Bolborhynchusvionachtis) from Monte Video,

presented by Miss Mildred Whitaker; a Roseate Cockatoo

{Cacatua roseicapilla) from Australia, presented by Mr. J. S.

Gibbons ;
a Nutmeg Fruit Pigeon {Carpophaga bicolor) from the

Torres Straits, presented by Mrs. Fitzgerald ;
two Pike {Esox

lucius) from British Fresh Waters, pre.-ented by Mr. P. F.

Coggin ;
a Mantchurian Crane \^Grus viridirostris) from North

China, deposited.

OUR AS'IRONOMICAL COLUMN.
FuzziNESS OF SOME VARIABLE Stars.— Mr. Cuthbert G.

Peek has, during the last six years, used his 6i-inch achromatic

for the investigation of the light-curves of variable stars. In
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this month's Knowledge he describes some observations of

changes in appearance of a few variable stars at different epochs.
Three variables—T Cassiopeice, R Cassiopeiae, and S Herculis—
have been frequently observed as {a) remarkably well defined,
almost planetary, disks ; (/;) well-defined stars, surrounded by a

more or less dense, ruddy atmosphere ; (c) large, woolly, ill-

defined images, resembling a small but bright planetary nebula
;

{d) at minimum, in place of the variable, a slight bluish nebu-

losity. The changes appear to be real, for stars near the

places of the variables have been seen clear and sharp when the
haziness of the variables was unmistakable. Other stars with

regard to which Mr. Peek has made similar observations are
S Cassiopeiee, R Tauri, R Auriga, V Cancri, R UrsK Majoris,
S Ursse Majoris, R Camelopardi, R Bootis, S Coronas, R
Aquilse, and S Cephei.

Astronomical Possibilities at Considerable Alti-
tudes.—Prof. Pickering, in No. 3079 of the Astronoinische

Nachrichteti, relates some interesting facts in an article on
"Astronomical Possibilities at Considerable Altitudes." They
are gleaned from observations made at the Boyden Station of
the Harvard College Observatory, which is situated two miles
from the city of Arequipa, Peru, in latitude 16° 24' S., and
longitude 4h. 4Sm. 30s. W. of Greenwich, and at an altitude
of 8060 feet above sea-level. The air there is so clear and
steady that 6 '5 magnitude stars are picked out by the naked eye
with great ease, and, when the moon is not too bright, the
eleven Pleiads can always be counted. The nebula in Andro-
meda forms also a very conspicuous object,

"
appearing larger

than the moon," while, in the 13-inch Clark refractor, "the
whole photographic region of the great Orion nebula, first

shown in the Harvard photographs of 1887, is clearly visible
to the eye," rendering it the "most splendid object in

the stellar universe." The steadiness of the atmosphere
is also very much remarked there, so much so that a scale
of steadiness has been adopted. Some of the brightest stars have
been noticed to have as many as six complete diffraction rings
round them ; while around these, when the seeing was denomi-
nated as "perfect," twelve rings have been counted. "Boiling"
was also found to be sometimes completely eliminated, for, in

observing bodies of the solar system with a 13-inch and a power
of 400, "it was frequently impossible to detect any wavering of
the edges of the disk."
The conclusion that Prof. Pickering comes to with regard to

the position of future Observatories is that " moderate altitude is

a most desirable qualification," while "for transparent skies
one must approach the tropics, and for steady seeing one must
have an extremely dry climate."

Increase of the Earth's Shadow during Lunar
Eclipses.—In a memoir with the title "Die Vergrosserung
des Erdschattens bei Mondfinsternissen

"
{Abhandlungen der

math. phys. Classe der k. Sachsischen Ges. d. Wissenschaften,
vol. xvii., Lepzig, 1891), Dr. Hartmann published the results of
an investigation into the amount by which the earth's atmosphere
increases the diameter of the section of the shadow during a lunar

eclipse. An abstract of the memoir appears in the annual

report of the Royal Astronomical Society, which has just been
issued. Since the time of Tobias Mayer (1750) the coefficient

sV has been assumed to represent this increase, although nothing
is known as to the manner in which this quantity was determined.
Dr. Hartmann has reduced all the observations of lunar eclipses
observed independently by several astronomers during this cen-

tury, and has deduced the increase of the diameter of the shadow
from them. The result of a comprehensive discussion of 2920
observations of the contact of the shadow with well-defined lunar
formations is, that the increase of the semi-diameter of the
shadow is 48" 62 for mean lunar parallax. This corresponds to a

coefficient of increase = — —
. The fresult may perhaps be

5079 ijt^
^

changed 2" or 3" by a discussion cfnew observations, but not

more, so it seems desirable that the value of J^ should be used,
when required, instead of Mayer's value of ^jV.

THE NEW STAR IN AURIGA.
T^HE new star is rapidly getting more and more difficult of

observation in consequence of its waning light. There is

very little change in its spectrum, and what change there is is

not in the direction recorded of Nova Cygni, so it seems pretty
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clear that the new body was not a hitherto unobserved nebula
to begin with.

The Astronomische Nachrichten, No. 3079, contains (at p.
109) the following communication from Mr. H. C. Vogel,
Director of the Astro-physical Observatory at Potsdam, dated
February 29 :

—
"Although the spectroscopic observations of the Nova in

Auriga are not yet concluded—since the star will probably con-
tinue visible for some time— I consider it of importance, in the
interest of the subject, to communicate my observations made
hitherto, and the conclusions drawn therefrom, even though the
latter should not in the future be confirmed in all points."

Concerning, first, the direct spectroscopic observations, I

have, on February 20, observed the Nova with a compound
spectroscope of a dispersion sufficient just to show the nickel
line between the D lines. The hydrogen lines C, F, and H7
appeared bright. Their identification was easy by means of a

hydrogen tube in front of the slit. These three lines did not

exactly coincide with the lines of the comparison spectrum, but
were displaced considerably towards the red, without, however,
separating completely from the artificial lines, .Mnce they were

very broad. The continuous spectium appeared faint, owing to
the comparatively high dispersion ; and with certainty only the
dark broad F line was recognizable, situate towards the more
refrangible side, distinctly separated from the bright line in the

spectrum." Between C and F, a large number of bright lines could be
seen, but most of them were too faint to be fixed with cer-

tainty. In the case of two brighter lines near F, myself and
Mr. Frost, who assisted in the observations, succeeded in

making very certain wave-length determinations; we found

492'5 ^yit for the fainter of the two lines, which appeared broad
and fuzzy on both edges, and 501 dyU^u for the brighter line. The
limit of error is to be taken at about ± "3 /^/x, and it results from
the observation with certainty that the brighter line is not iden-
tical with the double line of the air spectrum or with the

brightest line of the nebula, and still less the other with the
second nebula line. From Young's list of lines most frequent
in the chromosphere, it follows that near F only the two groups
of lines, 501 '87, 501 "59, and 49344, 492-43, 492"24, 491 '92

frequently appear bright. There is no doubt that both lines in

the spectrum of the Nova are chromosphere lines, and this result

appears to me of great importance, in so far as it is made
probable that the line observed in Nova Cygni (1876)

—W.L.
500 /lyu

± I fxyi
— which, during the gradual fading of the star,

alone remained, was a chromosphere line, and not the nebula
line.

"
Further, both myself and Mr. Frost saw probably the mag-

nesium lines, certainly the sodium lines bright, as also two lines

between b and D, one of which probably was the well-known

chromosphere line W.L. 53172, also observed in Nova Cygni.
By direct comparison with the hydrocarbon spectrum, the

brightest band of which nearly coincides with the h j;roup, and
with the sodium flame, b and D were identified. Mr. Frost
could see a displacement of the D lines in the star spectrum
with respect to the comparison spectrum. There was no in-

dication of hydrocarbon bands in the spectrum of the Nova.

"Up to the present eleven mostly very good spectrographic
photographs have been taken

; they were obtained by means of a
small spectrograph connected to the photographic refractor of

34 cm. aperture. The dispersion is only small, but in the

small spectrum of 10 mm. length, extending from F to H,
much detail is discernible. The illuminating power of the

apparatus is so great, in spite of the narrow slit employed, that

even now an exposure of 40 minutes is sufficient to obtain an

image suitable for measurement. The bright hydrogen lines

F, H7, h, H, and the calcium line H^. are very broad ; and,
as already announced, the corresponding dark lines of a second

spectrum are displaced with respect to the bright lines towards
the violet, and in spite of the breadth of the latter, are almost

entirely separated. There are still some of the hydrogen lines

in the ultra-violet visible, but they are too faint for any approxi-
mately certain observation.

" In the last few days the spectrum has changed, inasmuch as

in the broad bright lines H7, h, H, and H2 (F is only traced on

plates which are over-exposed for the middle of the photographic
spectrum), two maxima of intensity are plainly discernible, and,
as in each of the corresponding dark lines, a narrow bright line

has appeared. From the measurements, a connection between
these and the hydrogen lines appears beyond doubt, and it is



March 24, 1892] NATURE 499

not improbable that these linear brightenings in the broad dark

lines indicate eruptions of gases from the interior of the body
possessing the continuous spectrum with the dark absorption
lines. Such brightenings are occasionally seen in the spectra
of sun-spots. On this supposition, the fine bright lines would
indicate very nearly the middle of the dark lines.

"The appearance of two maxima of intensity in the broad

bright lines admits of the conclusion that two bodies with

different motions possess spectra with bright [lines, and that

therefore the spectrum of the Nova consists of at least three

spectra superposed, from the measurement of which, in connec-

tion with the comparison spectra of )3 Aurigse or j3 Tauri on the

same plate, the relative motions of the three supposed bodies,

as well as their motions with respect to the earth, can be deter-

mined. Denoting the body with the dark-line spectrum by a,

the two others with bright-line spectra by b and c, measure-

ments by myself and Dr. Scheiner have given the following
results :

a -
\{b ^r c)

= \20 miles,
^

b - c = 10 miles.

and further with respect to the earth—
« = - 90 miles, ^ = -

5, r = -f- 65 miles.

" This result is still very uncertain, and must be regarded as

quite preliminary, for it is evident that with the small size of the

spectra the accuracy cannot be pushed very far—a displacement
of 'oi mm. corresponds, for instance, to a motion of 8 to 12

miles, according to the situation of the line in the spectrum—
and that the size of the silver grain in the photographs can
exert a very marked influence on the measurements.
"In the photographic spectrum of the Nova, besides the

broad lines mentioned, several more bright and mostly very
broad lines can be seen, whose wave-lengths I intend to com-
municate later on."

Prof. I'ickering communicates some valuable information to

the same number of the Astronomische Nachrichten with refer-

ence to the visibility of the Nova before its discovery by Dr.

Anderson. In eighteen photographs of this region, which
were taken by the 8-inch photographic telescopes between
the dates November 3, 1885, and November 2, 1891, no
star in the Nova's place was visible, but in those taken from
December 16, 1891, to January 31, 1891, there was a star of the

fifth magnitude recorded. In another series of plates taken
with the transit photometer, no record of the new star up to

December i, 1891, was obtained, although x Aurigae (mag.

5'o m.) was always visible, but the plates taken on the nights of

December 10, 1891, and ending January 20, 1892, indicated

clearly the position of the new star.

Careful examination has been made on all the above-mentioned

plates, and the following extract shows the series of magnitudes
which have been deduced from the measurements :

—
"It appears that the star was fainter than the eleventh mag-

nitude on November 2, 1891, than the sixth magnitude on
December i, and that it was increasing rapidly on December 10.

A graphical construction indicates that it had probably attained

the seventh magnitude within a day or two of December 2, and
the sixth magnitude December 7. The brightness increased

rapidly until December 18, attaining its maximum about Decem-
ber 20, when its magnitude was 4*4m. It then began to

decrease slowly, with slight fluctuations, until January 20, when
it was slightly below the fifth magnitude."
From this it will be seen that two months' observations have

been lost, owing to its late discovery.

ABERRA TI0N:~

T TNDER this head may conveniently be considered not only the
^-^

apparent displacement of the stars discovered by Bradley,
but other kindred phenomena dependent upon the velocity of

light bearing but a finite ratio to that of the earth in its orbit

round the sun, and 10 other astronomical velocities.

The explanation of stellar aberration, as usually given,

= about 540 English miles.— Tr.
^ This paper was wr.tten in 1887, when I was occupied with my article upon

' Wave Theory" for the
"
Encyclopa;dia Britannica," and at a lime when

a more extensive treatment was contemplated than was afterwards found

practicable. Friends on whom I can rely are of opinion that its publication
may be useful ; and, as I am not able to give it a complete revision. 1 prefer
to let it stand under its original date, merely warninR the reader that very
important work has since been published by Michelson.—January 1892.

proceeds rather upon the basis of the corpuscular than of the

wave theory. In order to adapt it to the principles of the latter

theory, Fresnel found it necessary to follow Young in assuming
that the eether in any vacuous space connected with the earth

(and therefore practically in the atmosphere) is undisturbed by
the earth's motion of 19 miles per second. Consider for simpli-

city the case in which the direction of the star is at right angles
to that of the earth's motion, and replace the telescope, which
would be used in practice, by a pair of perforated screens, on
which the light falls perpendicularly. We may further imagine
the luminous disturbance to consist of a single plane pulse.
When this reaches the anterior screen, so much of it as coincides

with the momentary position of the aperture is transmitted, and
the remainder is stopped. The part transmitted proceeds upon
its course through the a-ther independently of the motion of the

screens. In order, therefore, that the pulse may be transmitted

by the aperture in the posterior screen, it is evident that the

line joining the centres of the apertures must not be perpen-
dicular to the screens and to the wave front, as would have been

necessary in the case of rest. For in consequence of the

motion of the posterior screen in its own plane the aperture
will be carried forward during the time of passage of the light.

By the amount of this motion the second aperture must be

drawn backwards, in order that it may be in the place required
when the light reaches it. If the velocity of light be V, and
that of the earth be v, the line of apertures, giving the apparent
direction of the star, must be directed forwards through an angle

equal to z'/V. More generally, if the angle between the star

and the point of the heavens towards which the earth is moving
be o, there will be an apparent displacement towards the latter

point, expressed by sin a . z'/V, and independent of the position

upon the earth's surface where the observation is made. The
ratio Z//V is about TOTxrir-

The aperture in the anterior screen corresponds to the object-

glass of the telescope with which the observation would actually
be made, and which is necessary in order to produce agreement
of phase of the various elementary waves at a moderately distant

focal point. The introduction of a refracting medium would

complicate the problem, and is not really necessary for our present

purpose. As has been shown {P/u7osof/izcal Afagazi/ie, March

1881,
" On Images formed without Reflection or Refraction"),

the only use of an object-glass is to shorten the focal length.

Our imaginary screens may be as far apart as we please, and if

the distance is sufficient, the definition, and consequently the

accuracy of alignment, is as great as could be attained with the

most perfect telescope whose aperture is equal to that in the

anterior screen.

It appears, then, that stellar aberration in itself need present
no particular difficulty on the wave theory, unless the

hypothesis of a quiescent aether at the earth's surface be re-

garded as such. But there are a variety of allied phenomena,
mostly of a negative kind, which require consideration before

any judgment can be formed as to the degree of success with

which the wave theory meets the demands made upon it. In

the first place, the question arises whether terrestrial optical

phenomena could remain unaffected by the supposed immense
relative motion of our instruments and of the aether; whether

reflection, diffraction, and refraction, as ordinarily observed by
us, could be independent of the direction of the rays relatively
to the earth's motion. It may be stated at once that no such

influence has been detected, even in experiments carefully

designed with this object in view.

Another class of experiments, with the results of which theory
must be harmonized, are those of Fizeau and Michelson upon
the velocity of light in ponderable refracting media which have

a rapid motion (relatively to the instruments and other surround-

ing bodies) in the direction of propagation, or in the opposite
direction. These very important researches have proved that

in the case of water the velocity of the ponderable medium is

not without effect ;
but that the increment or decrement of the

velocity of propagation is very decidedly less than the velocity
of the water. On the other hand, the motion of air, even at

high velocities, has no perceptible influence upon the propagation
of light through it.

Again, it has been found by Airy,^ as the result of an experi-
ment originally suggested by Boscovitch, that the constant of

stellar aberration is the same, whether determined by means of

a telescope of the ordinary kind, or by one of which the tube is

filled with water. It is clear that, according to Fresnel's views

' Pror. Roy. Soc, xx., 1872, p. 35 ; xxi., 1873, p. 121.

NO. I 169, VOL. 45]



500 NA TURE [March 24, 1892

of the condition of the rether at the earth's surface, this agree-
ment must involve some particular supposition as to the propa-
j;ation of light in moving refracting media.
The theory of these phenomena must evidently turn upon the

question whether the aether at the earth's surface is at rest,

absolutely, or relatively to the earth
;

' and this fundamental

question has not yet received a certain answer. The independ-
ence of terrestrial optical phenomena of the earth's motion in

its orbit is, of course, more easily explained upon the latter

alternative; or rather no explanation is rt-quired. But in that

case the difficulty is thrown upon stellar aberration, which
follows a more simple law than we should expect to apply in

the case of an aether disturbed by the passage of a body in its

neighbourhood. Prof. Stokes has, indeed, attempted a theory
on these lines," by supposing the setherial motion to be what is

called in hydrodynamics irrotational. In strictness there is,

however, no such motion possible, subject to the condition of

vanishing absolutely at a great di-tance, and relatively at the

earth's surface
;
and it does not appear that the objection thus

arising can be satisfactorily met.

If we start from the experimental facts which have the most
direct bearing upon the question under discussion, we are led

to regard Fresnel's views (doubtless in some generalized form)
as the more plausible. From the results of Fizeau and Michel-
son relative to air, we may conclude with tolerable confidence
that a small mass of ponderable matter, of very low refracting

power, moving in space, would not appreciably carry the sether

with it. The extension of the argument to a body as large as

the earth is not unnatural, though it involves certainly an ele-

ment of hyp )thesis. In like manner, if the globe were of water,
we should expect the aether to be carried forward, but not to the

full amount. The simple t supposition open to us is that, in any
kind of ponderable matter, forming part of a complex mass, the

a;iher is carried forward with a velocity dependent upon the

local refracting power, but independent of the refracting power
and velocity of other parts of the mass. In the earth's atmo-

sphere, where the refracting power is negligible, the aether

would be sensibly undisturbed.

]f we agree to adopt this point of vievv provisionally, we have
next to consider the relation between the velocity of luminous

propagation in moving ponderable matter and the refractive

index. The character of this relation was discovered by Fresnel,
whose argument may be thrown into the following form.

Consider the behaviour of the aether when a plate of ponder-
able matter (index = ju) is carried forward through vacuum with

velocity w in a direction perpendicular to its plane. If D be
the density of the aether in vacuum, and D^ the density in the

refracting medium, then, according to Fresnel's views as to the

cause of refraction, Y)-^
= yu'D. The aether is thus condensed as

the plate reaches it ;
and if we assume that the whole quantity

of Kther is invariable, this consideration leads to the law giving
the velocity (xv) with which the denser aether within the plate
M ust be supposed to be carried forward. For conceive two
ideal planes, one in the plate and one in the anterior vacuous

region, to move forv\ ard with velocity v. The whole amount of

aether between the planes must remain unchanged. Now, the

quantity entering (per unit area and time) is Dv, and the quantity

leaving is D^{v
-

xv). Hence,
X = I -

fi"-,

so that the velocity with which the aether in the plate is carried

forward is v{i —
fi"-), tending to vanish as fi approaches unity.

If V be the velocity of light in vacuum, and V/yu the velocity in

the medium at rest, then the absolute velocity of light in the

moving medium is

V/m± '^(1-^-2) (I)

Whatever may be thought of the means by which it is ob-

tained, it is not a little remarkable that this formula, and no

other, is consistent with the facts of terrestrial refraction, if we
once admit that the aether in the atmosphere is at absolute rest. It

is not probable that the aether, in moving refracting bodies, can

properly be regarded as itself in motion ; but if we knew more
about the matter we might come to see that the objection is

verbal rather than real. Perhaps the following illustration may
assist the imagination. Compare the aether in vacuum to a

stretched string, the transverse vibrations of which represent

' An accusation of crudeness might fairly be brought against this phraseo-
1 ogy ; but an attempt to express the argument in more general language
would probably fail, and would in any case be tedious.

^ Phil. Mag., xxviii., 1846, p. 76 ; xxix., 1846, p. 6.
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light. If the string is loaded, the velocity of propagation of

waves is diminished. This represents the passage of light through
stationary refracting matter. If now the loads be imagined to

run along the string with a velocity not insensible in comparison
with that of waves, the velocity of the latter is modified. The
substitution of a membrane for a string will allow of a still

closer parallel. It appears that the suggested model would lead

to a somewhat different law of velocity f^rom that of Fresnel
;
but

in bringing it forward the object is merely to show that we need
not interpret Fresnel's language too literally.
We will now consider a few examples of the application of

the law of velocity in a moving medium; and first to the ex-

periment of Boscovitch, in which stellar aberration is observed
with a telescope filled with water. We have only to suppose
the space between the two screens of our former explanation to

be occupied by water, which is at rest relatively to the screens.

In consequence of the movement of the water, the wave, after

traversing the first aperture, is carried laterally with the velocity

v{\ -
fi~-), and this is to be subtracted from the actual velocity

V of the aperture in the posterior screen. The difference is

/ii'^v. The ratio of this to the velocity of light in water (V/^tt)

gives the angular displacement of the second aperture necessary
to compensate for the motion. We thus obtain /x'^v/V. This

angle, being measured in water, corresponds to v/V in air ;
so

that the result of the motion is to make the star appear as if it

were in advance of its real place by the angle v/V, precisely as

would have happened had the telescope contained air or vacuum
instead of water.

We will now calculate the effect of the motion of a plate per-

pendicular to its own plane upon the retardation of luminous

waves moving in the same (or in the opposite) direction. The

velocity of the plate is v, its index is /i, and its thickness is a.

Denoting, as before, the velocity of the aether within the plate

by XV, and supposing, in the first place, that the signs of v and
V are the same, we have, for the absolute velocity of the wave in

the plate,

V//J. + XV.

We have now to express the time (/) occupied by the wave in

traversing the plate. This is not to be found by simply divid-

ing d by the above written velocity ; for during the time / the

anterior face of the plate (which the wave reaches last) is carried

forward through the distance vL Thus, to determine / we have

(V/jU> xz>)i = d + vt,

whence

1^ = . '^ .... (2)
d 1 + {x

-
i)nv/V

The time, ^0, which would have been occupied in traversing the

same distance {d +vt), had the plate been away, is given by

V/^,
= d + vt

;

so that

v;o^, + „_^wv^, (3)
(/ I + (X

-
l)lJ.Vj\

Thus

Yi'„-A) = m(i
- ^m

. _ I (4)
d I + {X

—
i)iJLv/V

Substituting in this Fresnel's value of x, viz. (i
-

fi~^), and

neglecting as insensible the square of z'/V, we find

V(/-/„)= (m
- 1)^(1 -v/Y) (5)

If we suppose that part of the original wave traverses the plate,

and that part passes alongside, (5) gives the relative retardation
—that is, the distance between the wave fronts which were

originally in one plane. It would appear at first sight that this

result would give us the means of rendering v evident. For the

retardation, depending upon the sign of v/V, will be altered

when the direction of the light is reversed, and this we have it

in our power to bring about by simply turning our apparatus

through 180°. A more careful examination will, however, lead

us to a different conclusion.

The most obvious way of examining the retardation would be

to use homogeneous light, and, by producing regular interfer-

ence of the two portions, to observe the position of the fringes,

and any displacement that might result from a shift of the

apparatus relatively to the direction of the earth's motion. But

if we employ for this purpose a terrestrial flame, e.£: that of a

Bunsen's burner containing sodium, we have to take into
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account the fact that the source is itself in motion. For it is

evident that the waves which pass in a given time through any
point towards which the source is moving are more numerous
than had the source been at rest, and that the wave-lengths are

correspondin;jIy shortened. Iff be the velocity of the source,
the wave-length is changed from A. to A.(i

-
z'/V). At a point

behind, from which the source is retreating, the wave-length
is A(i + t'/V). We shall have occasion to refer again to this

principle, named after Doppler, as applied by Huggins and
others to the investigation of the motion of the heavenly bodies
in the line of sight.

Referring now to (5), we see that, although the absolute re-

tardation is affected by v, yft that the retardation rt.f measured in

ivavi-lengths remains unaffected. If, then, there be, in the

absence of w, an agreement of phase between the two interfering
beams, the introduction of 7/ will cause no disturbance. Conse-

quently no shifting of the interference bands is to be expected
when the apparatus is turned so that the direction of propaga-
gation makes in succession all possible angles with that of the
earth's motion.
The experiment has been modified by Hoek,^ who so

arranged matters as to eliminate the part of the retardation

independent of v. As before, of two parallel beams A and
B, one, A, passes through a plate of refracting medium ; the

other, B, through air. The beams are then collected by a lens,
at the principal focus of which is placed a mirror. After reflec-

tion by this mirror, the beams exchange paths, B returning
through the plate, and A through air. Apart, therefore, from a

possible effect of the motion, there would be complete com-

pensation and no final difference of path. As to the effect of

the motion, it would appear at first sight that it ought to be
sensible. During the first passage, A is (on account of v)
accelerated ; on the return, B is retarded ; and thus we might
expect, upon the whole, a relative acceleration of A equal to

{(U
- \)d . 27// V. But here, again, we have to consider the fact

that another part of the apparatus, viz. the mirror, partakes in the

motion. In the act of reflection the original retardation of A is

increased by twice the distance through which the mirror retreats

in the interval between the arrival of the two waves. This dis-

tance is (with sufficient approximation) {fi.
- \)d . vjW ; so that

the influence of the movement of the mirror just compensates
the acceleration of A which would have resulted in the case of

a fixed mirror. On the whole, then, and so long as the square
of z'/V may be neglected, no displacement of fringes is 10 be

expected when the apparatus is turned. Tiie fact that no dis-

placement was observed by Hoek, nor in an analogous experi-
ment by Mascart,- proves that if the stationary condition of the

aether in terrestrial vacuous spaces be admitted, we are driven
to accept Fresnel's law of the rate of propagation in moving
refracting media.
What IS virtually another form of the same experiment was

tried by Maxwell,'^ with like negative results. In this case,

prisms were used instead of plates ; and the effect if existent,
would have shown itself by a displacement of the image of a
a spider-line when the instrument was turned into various
azimuths.

On the basisof Fresnel'sviews it may, in fact, be proved generally
that, so far as the first power ofv/V is concerned, the earth's motion
would not reveal itself in any phenomenon of terrestrial refrac-

tion, diffraction, or ordinary refraction. The more important
special cases were examined by Fresnel himself, and the de-
monstration has been completed by Stokes.'' Space will not
allow of the reproduction of these investigations here, and this

is the less necessary, as the experiment of Hoek, already ex-

amined, seems to raise the principal question at issue in the
most direct manner.
Another point remains to be touched upon. We have hitherto

neglected dispersion, treating /j.
as constant. In stationary dis-

persing media, fi may be regarded indifferently as a function of
the wave-length or of the periodic time. When, however, the
medium is in motion, the distinction acquires significance ; and
the question arises, What value of

/u.
are we to understand in

the principal term Yf/j. of (i)? Mascart points out that the

entirely negative results of such experiments as those above
described indicates that, in spite of the difference of wave-length

'
^ rchives Neerlandaises, t. iii. p. i8o (1868); t. iv. p. 443 (1869).
\nn. de I'Ecole Normale, t. iii. (1874).

i'hil Trans., 186S, p. 532.
'• Phil. Mag., xxviii. p. 76 (1846). See also Mascart, ^««. de I'Ecole

Norm., t, i. (1S72), t. iii. (1S74) ; and Verdet,
"
CEuvres," t. iv., deuxieme

due to the motion, we must take the same value of
jj.

as if the
medium and the source had been at rest, or that fi is to be

regarded as a function of the period,
Mascart has experimented also upon the influence of the

earth's motion upon double refraction, with results which are

entirely negative. The theoretical interpretation must remain
somewhat ambiguous, so long as we remain in ignorance of the

mechanical cause of double refraction.

Reference has already been made to the important experi-
ments by Fizeau and by Michelson upon the velocity of light in

moving media. The method, in its main features, is due to the

former,^ and is very ingeniously contrived for its purpose. Light
issuing from a slit is rendered parallel by a collimating lens, and
is then divided into two portions, which traverse tubes contain-

ing running water. After passing the tubes, the light falls upon
a focussing lens and mirror (as in HoeU's experiment), the effect

of which is to interchange ilie paths. Both rays traverse both
tubes ; and, consequently, when ultimately brought together,

they are in a condition to produce interference bands. If now
the water is allowed to flow through the tubes in opposite direc-

tions, one ray propagates itself throughout 7uit/i the motion of
the water, and the other against the motion of the water

;
and

thus, if the motion has any effect up in the velocity of light, a

shift of the bands is to be expected. This shift may be doubled

by reversing the fl )w of water in the tubes.

Fizeau's investigation has recently been repeated in an im-

proved form by Michelsin.-
"
Light from a source at a falls on a half-silvered surface, b,

where it divides; one part following the path bcdefbg,
and the other the path bfedcbg. This arrangement has
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ihe following advantages : (l) it permits the use of an extended
source of light, as a gas flame ; (2) it allows any distance be-

\

tween the tubes which may be desired ; (3) it was tried by a

j

preliminary experiment, by placing an inclined ]jlate of glass at

i h. The only effect was either to alter the width of the fringes,
or to alter their inclination

;
but in no case was the centre of the

central wliitefringe affected. liven holding a lighted match in

i the path had no effect on this point." The tubes containing the fluid were of brass, 28 mm. in-

\

ternal diameter
;
and in the first series of experiments, a little

over 3 metres in length, and in the second series a little more
than 6 metres."

Even with the longer tubes and the full velocity (about 8
metres per second) the displacement on reversal amounted to

less than the width of a fringe. Nevertheless, fairly concordant
results were arrived at

; and they showed that the fraction (.r)

of the velocity of the water {v) by which the velocity of light is

altered is "434, with a possible error of ± "02. The numerical
value of the theoretical expression is

X = \ -
i).--

=
-437,

in very close accordance.
"The experiment was also tried with air moving with a

velocity of 25 metres per second. The displacement was about
•01 of a fringe ; a quantify smaller than the probable error of

' Ann. de Chiiitie, III. Ivii. (1859).
2 American Journat, vol. xxxi. p. 377 (1886).
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observation. The value calculated from (i
-

/x"-) would be

•0036."
We have seen that, so far as the first power of z^/V is con-

cerned, Fresnel's theory agrees with all the facts of the case.

The question whether it is possible to contrive an experiment in

which v'-fN- shall be sensible, has been considered by Michel-

son,^ who, having arrived at an affirmative conclusion, proceeded
to attack this very difificult experimental problem. Tn Michel-

son's apparatus interference is brought about between two rays,

coming of course originally from the same source, one of which

has traversed to and fro a distance, D, parallel to the earth's

motion, and the other a like distance in the perpendicular direc-

tion. The phase of the latter ray is considered by Michelsnn to

be unaffected by the earth's motion. As to the former, it is

retarded by the amount

D D
M + v

2D
V

2D
V V-

or, reckoned in distance at velocity V,

zX^v'-lS" (6)

"
Considering only the velocity of the earth in its orbit,

the ratio vfV = lo"'' approximately, and v'-jV-
= lo"*. If

\

D = 1200 mm., or, in wave-lengths of yellow light, 2,000,000,
j

then in terms of the same unit, 2D v"/V'^
= "04.

"If, therefore, an apparatus is so constructed as to permit two

pencils of light, which have travelled over paths at right angles
to each other to interfere, the pencil which has travelled in the

direction of the earih's motion, will in reality travel '04 of a

wave-length further than it would have done were the earth at

rest. The other pencil, beins; at right angles to the motion,
would not be affected.

"If now the apparatus be revolved through 90°, so that the

second pencil is brought into the direction of the earth's motion,
its path will be lengthened '04 wave-length. The total change
in the position of the interference bands would be '08 of the

distance between the bands, a quantity easily measurable."
In the actual experiment, the earth's velocity was not avail-

able to the full extent, and the displacement to be expected on
this account was reduced to "048 ; but Michelson considers

that some addition to it should be made on account of the

motion of the solar system as a whole. The displacement

actually found was '022 ; and when the apparatus was em-

ployed in such azimuths that the rotation should have had no
effect in any case, '034. These results are very small, and
Michelson gives reasons for regarding them as partially system-
atic errors of experiment. He concludes that there is no real

displacement of the bands, and that the hypothesis of a stationary
aether is thus shown to be inconsistent with fact.

It has, however, been recently pointed out by Lorentz - that

Michelson has over-estimated the effect to be expected according
to Fresnel's views. The ray which travels perpendicularly to

the earth's motion is not unaffected thereby, but is retarded to

the amount represented by D z/-/V2. The outstanding rela-

tive retardation is thus only Dz/'/V-, instead of the double
of that quantity. Accepting this correction, we have to expect,

according to Fresnel's views, a shift of only "024 of a band in

Michelson 's experiment.
*

Under these circumstances Michelson's results can hardly be

regarded as weighing heavily in the scale. It is much to be
wished that the experiment should be repeated with such im-

provements as experience suggests. In observations spread
over a year, the effects, if any, due to the earth's motion in its

orbit, and to that of the solar system through space, would be

separated.
On the whole, Fresnel's hypothesis of a stationary aether

appears to be at the present time the more probable ; but the

question must be considered to be an open one. Further

evidence would be most important ;
but it is difficult to see from

what quarter anything essentially new can be expected. It

might be worth while for astronomers to inquire whether it is

really true, as is generally assumed, that stellar aberration is

independent of the position upon the earth's surface from which
the observation is made. Another question that might, perhaps,
be submitted with advantage to an experimental examination is

whether the propagation of light in air is affected by the rapid

I American Journal, xxii. p. 120(1881).
- " Over den invloed dien de bewegingder aardeof de licht verschijnselen

uitoefent." (.Amsterdam, 1886.)

motion of heavy masses parallel to, and in the immediate neigh-
bourhood of, the ray.

If we once admit the principle that, whatever the explanation

may be, no ordinary
^ terrestrial observation is affected by the

earth's motion, it is easy to give an account of what must

happen when the light comes from an external source which

may have a motion in the line of sight. Imagine, for example,
a spectroscopic examination of a soda flame situated on a star

and vibrating in identical periods with those of terrestrial soda

flames. In accordance with Doppler's principle, the wave-

lengths are altered by a relative motion in the line of sight, and

the fact may be rendered evident by a comparison between the

spectra of the star and of the terrestrial flame, held so as to be

seen in the same direction. The simplest case is when the flame

is entirely external to the apparatus, so that both lights are

treated in precisely the same way. It is evident that, under

these circumstances, the difference between the two cannot fail

to become apparent ;
and this way of regarding the matter

shows also that the apparent displacement of the bright lines in

the stellar spectrum is dependent upon the relative, and not

further upon the absolute, motions of the star and of the earth.

The mean of observations, equally distributed over the year,
would thus give data for determining the relative motion in the

line of sight of the star and of the solar system.
If the external source be the sun itself, it might be thought

that the spectra must agree almost perfectly, the eccentricity of

the earth's orbit being so very small. But th:; sun is a revolving

body, and consequently a distinction must be made according
to the part of the sun from which the light proceeds. It is

found, in fact, that a very sensible shift takes place in the posi-

tion of the dark lines according as the light under observation

comes from the advancing or from the retreating limb. This

circumstance has been successfully employed by Thollon and

Cornu to distinguish between lines having a solar and a ter-

restrial origin. In the latter case it is a matter of indifference

from which part of the sun the light proceeds.
In general optical theory the finiteness of the velocity of light

is usually disregarded. Velocities at least ten times greater

than that of the earth in its orbit are, however, known to astro-

nomers ; and such must begin to exercise a sensible influence

upon radiation. Moreover, in so wide a generalization as the

theory of exchanges, the neglect of even a small quantity is

unsatisfactory. Prof. Balfour Stewart has discussed the in-

fluence of the motion of a' plate exercising selective absorption

upon the equilibrium of radiation within an inclosure. He
argues that a disturbance will ensue, involving a violation of

the second law of thermodynamics, unless compensated by
some other effect not hitherto recognized. It appears, how-

ever, more probable that the whole radiation com\r\gfro7n and

through a plate would not be altered by its motion. Whatever

effect (in accordance with Doppler's law) the motion has upon
the radiation from the plate, a similar effect would probably be

produced upon the absorbing power. On this view the only

result of the motion would be to change the wave-length of the

rays most powerfully emitted and absorbed, but without dis-

turbing the balance required by the theory of exchanges. The

moving plate would in fact be equivalent to a stationary one of

slightly different quality. Rayleigh.

1887.

SOCIETIES AND ACADEMIES.
London.

Mathematical Society, March 10.—Prof. Greenhill,

F.R.S., President, in the chair.—The President and Mr. S.

Roberts, F. K. S., spoke upon the loss the Society had sustained

by the recent decease of Dr. Hirst, F.R.S., touching more

especially upon- the great services he had rendered to it in the

early days of its existence.—The following paper was read :
—

The simplest equivalent of a given optical path, and the obser-

vations required to determine it, by Dr. J. Larmor. To specify

an optical path through a heterogeneous medium like the atmo-

sphere, or through an arrangement of refracting substances like

an optical instrument, we require the geometrical curve followed

by the filament of light, and also the character of the modifica-

tion produced on a filament following this path across the medium.

I This qualification is inserted in order to exclude such an experiment as

that of Michelson, just described, in which an attempt is made to render

sensible an effect depending on v-l\".
^ B.A. Report, 1871.
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This division into filaments of waves, along whose course the

energy of the radiation is propagated, is the true objective ana-

lysis of the light ; and it also, on Sir W. R. Hamilton's prin-
ciples, leads to more compact and comprehensive treatment than
the ordinary analysis into linear rays. It is shown that the
effect of the medium on any filament following the given path
is exactly equivalent to that of a certain pair of thin astigmatic
lenses with a common axis, on a beam passing across them

;

and a method is given for constructing these lenses from obser-
vations made at the two extremities of the actual optical path.
It is shown, in continuation, that conjugate pairs of focal lines

at the two ends of a filament are given by a 2 to 2 correspond-
ence, whose general relations are exhibited graphically by the
aid of a pair of conies, and various developments are made in

this direction. There are, in general, no points which have con-

jugate foci
; but, if a certain condition hold, there exist two

transverse planes of points which have conjugate planes of focal

points. This occurs only when the equivalent astigmatic pair
(if lenses have their principal sections parallel, so that the com-
ponent refractions in these principal sections are independent of
each other. It is only in this special case that the emergent
filament can be constructed by means of rays, in Moebius's
manner, by aid of the two conjugate pairs of focal planes. If

a certain other condition is also satisfied, there is complete
symmetry round the axis, except as regards a possible con-
stant rotation of the filament ; and then the optical path is

equivalent to refraction by a single ordinary thin lens.—The
President communicated a paper, by Prof. W. Burnside, on
cases in which a hyper-elliptic integral of the first order can
be expressed as the sum of two elliptic integrals.

—Mr. TucUer
read abstracts of the following notes :

—On the analytical
theory of the congruency, by Prof Cayley, F. R.S.—On certain
curves of the fourth order, and the porism of the inscribed and
circumscribed polygon, by Mr. R. A. Roberts. —Notes on dual-
istic differential transformations, by Mr. E. B. Elliott, F.R. S.
A perusal some time ago of De Morgan's paper in the Cam-
bridge Transactions on the subject of the principle of duality in

differential equations which bears his name led Mr. Elliott
to notice a short note thereto, in which the author an-
nounced that after writing his paper he had found a note

by Chasles, in which the method had been anticipated. Upon
this, referring to Chasles's work ("Apercu Historique," note
XXX ), he found that Chasles had stated and to a certain extent

developed a theory on the subject of much wider generality.
It occurred to Mr. Elliott that some further consideration

might with advantage be given to Chasles's conclusions and
their extension ; and a portion of this paper is the result.

It had previously occurred to the author that recent theories as
to the transformation of differential expressions by interchange
of dependent and independent variables, and in particular the

theory of reciprocants, had a bearing on the more restricted or
De Morgan duality, and even more on its simpler analogue as
to ordinary differential equations, which had probably escaped
notice. Another portion of these notes is devoted to the elucida-
tion of this idea.—Prof. M. Hill made a few remarks on

singular solutions ; and the President spoke on the rectification

of the Cartesian oval. It has been shown by Prof. Genocchi, of
Turin {Annali di Mateinatica, 1864), and by Mr. Samuel Roberts

(Proc. L. M.S. iii.), that the arc of a Cartesian oval can be

expressed as the sum of three elliptic arcs. Taking a fixed
oval (i.) and its conjugate oval (ii.) in a triconfocal system of

Cartesians, then as a variable orthogonal oval traces out by its

intersection with (i.) a certain arc, its conjugate oval traces out
on (ii.) another arc

; the sum of these arcs can be expressed
by a single elliptic arc, while the difference is expressible as
the sum of two elliptic arcs ; thus leading to the theorems of
Prof. Genocchi and Mr. S. Roberts.

Anthropological Institute, March 8.—Edward B. Tylor,
F. R. S., President, in the chair.— Mr. J. Allen Brown read a

paper on the continuity of the Palaeolithic and Neolithic periods.
The deductions of the author are based on the large number of

flint implements of Paleolithic type which have been discovered

during recent years at F^asibourne, East Dean, Cuckmere, and
in other combes and dry valleys in England ; at East Dean, &c.,

they are associated witti compact aggregated deposits of flints

and chalk rubble, evidently due to the erosion of the valleys and
combes by underground water, as seen at Birling Gap, near
liastbourne. The valleys of Sussex have been subject to many
changes during the concluding episodes (boih glacial and sub-

aerial j of the Quaternary period, and in many cases the older
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forms of flint implements have been covered up and preserved
by the deposit of loam and chalk rubble resulting from the waste
of the surface of the land. Intermixed or associated with the
flint implements of older types are others of transition form, to

which he desired to see the term "
Mesolithic

"
applied. The

East Dean Valley appeared to contain flint implements forming
a series ranging from the late Palaeolithic age to the polished
stone period of true Neolithic. The old mining-shaft at Ciss-

bury has furnished analogous specimens. Similar implements
of the Palaeolithic type have been found in chalk rubble far

awny from the sea-board, and associated with the bones of the

mammoth, tichorine rhinoceros, hippopotamus, and other Qua-
ternary Mammalia, as well as the remains of various animals of

species still living, showing that man was present in Southern
Britain not only in the plateaux and river-drift periods, but also

continuously into the so-called Neolithic epoch. The author
alluded to the evidence derived from caves and rock-shelters and

peat-beds, both in this country and in France, which pointed in

the same direction. A large series of flint implements of Pdlreo-
lithic form from East Dean, &c., were exhibited, with specimens
of corresponding forms from the river-drift ; also a series showing
the evolution of the axe or celt form from the simply chipped
nodule of the plateaux drift, through the valley drift and transi-

tional types to the highly finished celts of the Neolithic age, of
which the forms were continued in the earliest stages of the age
of copper and bronze. Other series were exhibited, showing in

like manner the evolution of the spear-head and knife, &c.

Zoological Society, March i.—Dr. A. Giinther, F.R.S.,
Vice-President, in the chair.—The Secretary read a report on
the additions that had been made to the Society's Menagerie
during the month of February 1892, and called attention to two
Short-winged Tyrants {Machetornis rixosa) purchased February
15, being the first examples of this bird that have reached the

Society, and to a female Beatrix Antelope {Oryx bealrix) from

Arabia, presented by Lieut. -Colonel Talbot, February 18.—Mr.

J. Graham Kerr gave a short account of the expedition up the Rio
Pilcomayo in 1890-91, which he had accompanied as naturalist.

Mr. Kerr made remarks on the animals met with on the banks of
the Pilcomayo, and exhibited a series of photographs illustrating
the vegetation of the district and its native Indian inhabitants.—Mr. G. F. Hampson read a paper on stridulation in certain

Lepidoptera, and on the distortion of the hind-wings in the
males of certain Ommatophorince. The author attributed the

clicking sound described by Darwin as produced by various

species of the South American genus of Butterflies, Angerona,
and confirmed by Wallace and other observers, to the presence
of a pair of strong corneous hooks on the thorax, which play on
a pair of curved hooks with spatulate ends attached to the inner

margin of the fore-wing close to the base, and surrounded by a
membranous sac which acts as a sounding-board. An account
was given of a similar sound produced by the males of a Burmese
moth of the family Agaristidas and of a buzzing sound in an allied

Australian form, both of which have a patch of ribbed hyaline
membrane below the costa of the fore-wing. The sound was
attributed to the friction of spines, attached in the former to the
first pair of legs, in the latter to the second pair, on the ribbed
membrane. A description was then given of the transformation
of the costal half of the hind-wing in the Noctuid genus Patula
into a large scent-gland, and of the manner in which this had
distorted the neuration. The still greater distortion of the neura-
tion in the allied genus Argida was attributed to its once having
possessed a similar scent-gland, now become rudimentary by dis-

use,—A communication was read from Prof. VV. N. Parker, on
the retention of functional gills in young Frogs {Raiia teinporaria),
which he had succeeded in producing in specimens reared in his

laboratory. Prof. Parker described the method employed with
this object, and made remarks on the way in which the fore-

limbs are protruded.
—Prof. K. Jeffrey Bell read a paper entitled

" A Contribution to the Classification of Ophiuroids," to which
were added descriptions of some new and little-known forms of
this group.

—Mr. M. F. Woodward gave an account of an
abnormal Earthworm {Luinbricus terrestris) possessing seven

pairs of ovaries situated on the eighth and following somites to

the fourteenth.

Oxford.

University Junior Scientific Club, March 4.
—Mr. J. A.

Gardner, of Magdalen College, President, in the chair.— Some
investigations of the action of dry hydrochloric acid gas on dry
carbonates were brought forward by Mr. F. R. L. Wilson,
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Keble College, and Mr. R. E. Hughes, Jesus College. The
authors showed that probably perfectly dry hydrochloric acid

gas does not act on carbonates. Experiments were tried with

the carbonates of calcium and barium.—Mr. J. L. Hatton,
Hertford College, read a paper on some inve>tigations, which
he had been engaged upon, in conjunction with Mr. James
Walker, on the motions of the nodal planes in a rotating bell.

This work appeared in a recent number of the Philosophical

Magazine.
—This paper was followed bv an account of the fixa-

tion of nitrogen by plants, by Mr. O. V. Darbishire, of Balliol

College.

Paris.

Academy of Sciences, March 14.
—M. d'Abbadie in the

<;hair.—The Secretary commented upon the loss sustained by the

Academy by the death of M. Leon Lalanne.—On conical

vascular branches, and on the inductions to which they lead with

regard to the organization of the vascular blood system, by M.
Ranvier.—Researches on samarium, by M. Lecoq de Bois-

baudran. By i)assing an electric spark from a large induction

coil, without condensers, through solutions rich in samarium,
and viewing the spark spectroscopically, lines were obtained at

the wave-lengths 466 '2, 462 "y, and 459*3, and a wide band

having a well-defined edge at A 611 "2, and fading away to about

A 622. 1 he samarium bands underjio very marked variations

when the position of the spark with respect to the meniscus
of liquid is altered. This fact is thought to be of interest from
the point of view of the supposed complexity of samarium. It

is not impossible that there is a relation between the band
611-622 and the narrow line which Prof. Crookes observed

when using mixtures of samarium and yttrium in vacuo,
and which he attributed to the presence of a new element.

M. Boisbaudran has observed this line, or one very
near it, with different substances, and finds that its

position varies sensibly with the nature of the solu-

tion employed. The narrow line is accompanied with a

less refrangible and weaker one. With lanthanum sulphate
mixed with a compound of samarium, the wave-length of the

stronger line was determined as 6127, and of the weaker 6196.
Prof. Crookes obtained the wave-length 609.

—On a remarkable

prominence, by M. H. Deslandres. The prominence was
•observed on the east limb of the sun on March 3, as the large

spot-group of February was coming round it.—On frictionless

gearings, by M. A. Rateau.—On periodic heat maxima
observed in spectra furnished by flint and crown glass, and

rock-salt, by M. Aymonnet. The heat maxima observed are

separated by equal wave-lengths in the case of each of the

prisms used, and, for rock-salt, the maxima appear to cor-

respond to the fundamental vibrations of i, 2, 3 . . . n sys-
tems of cubical molecules.—On some well-defined alloys of

sodium, by M. Joannis. By the action of lead, in excess, upon
sodammonium, a compound having the formula Pb4Na,2NH3
was obtained. An alloy of lead and potassium, PbjK, was
obtained by the action of potassammonium, in excess, upon
lead ; an alloy of bismuth and sodium, BiNaj, by treating

pure bismuth, in excess, with sodammonium, and an alloy of

antimony and sodium, SbNaj, have similarly been produced.—On the analysis of minerals containing antimony, by M.
Ad. Carnot.—On the microscopic structure of oolitic iron

from Lorraine, by M. Bleicher. From the investigation it

appears that the ferruginous oolites which have been studied

consist of a central mineral or organic nucleus, single or

multiple, surrounded by regular concentric layers of a substance

rich in silica and organic matter.—On the vegetation of the

vine, by MM. L. Roos and E. Thomas. Conclusions are

given respecting the amounts of sugars present and the acidity
of various parts of the vine plant at different stages of its

growth.
—Citric acid, by M. G. Massol. The heat of formation,

in the solid state, of potassium and sodium citrates is greater
than that of the corresponding carballylates. Tne augmenta-
tion is analogous to that observed when comparing malonic and
succinic acids with tartronic, tartaric, and malic acids, and is to

be attributed to the alcoholic hydroxyl group.
—On some reac-

tions of the isomeric amido-benzoic acids, by M. Oechsner de

Coninck.—Calculation of the temperatures of ebullition of com-

pounds derived from the paraffins by terminal substitution, by
M. G. Hinrichs.—On the pyrogenous hydrocarbons formed in

the compressed gas industry, by M. A. Brochet. The author

has isolated and identified the following :
—

CH2 : CH . CHg. CH3;
CHo : CH . CHj CHg . CH3;
CH3 . CH : CH . CH2 . CH3;
CH2 : CH . CHj . CH, . CH, . CH., ;

CH2 : CH . CH : CH,';
CH, : CH . CH2 . CH : CHj.

—The specific gravity of silk, by M. Leo Vignon.
—

Glycolysis
in the blood, by M. Maurice Arthus.—Are there inhibitory

'

nerves?, by M. J. P. Morat.— On an anomaly in the great ,

hypoglossal nerve, by M. Buffet-Delmas.—On the ovary and i

the egg of Gobiiis mintilus, by M. Frederic Guitel.—Note on i

the magnetic perturbations of March 1 1-13, 1892, by M. Th.
Moureaux.
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A ZOOLOGIST ON DISEASE.

Leqo7is sur la Pathologic comparee de Vhtflamination

faites a Plnstitut Pasteur e7t Avril et Mai, 1891. Par

Elie Metschnikoff, Chef du Service a I'lnstitut Pas-

teur. (Paris : G. Masson, 1892.)

T^R.
METSCHNIKOFF has in this volume given a

-^-^ clear account of the general basis of his phagocyte

theory, tracing the significance of amoeboid cells or

phagocytes from the Protozoa upwards through various

groups of animals to the higher Vertebrates. He adduces
a vast number of facts, many of them new and now for

the first time published (with many beautiful coloured

figures), others cited from his own earlier publications
and from the work of cotemporary observers, to show
that inflammation is essentially a reaction of the phago-
cytes contained in animal bodies to the presence of

injured tissue or intrusive particles
—a reaction which

consists in active movement to the injured spot on the

part of the phagocytes, and the ingulfing and digestion

by them of the offending matters.

This volume appears opportunely. It will, I venture to

predict, be regarded as epoch-making, establishing on a

solid basis the theory of phagocytes, first sketched by
Metschnikoff about ten years ago,' and repeatedly
confirmed and elaborated by his brilliant researches.

It will enable the biological world to appreciate the

theory at its true value as one of the great generaliza-
tions of biology, worthy to take rank, after Darwin's

theory of natural selection, with Virchow's cellular

pathology, and Pasteur's doctrine of the Bacterial origin
of fermentations and infective diseases.

It is worth noting (and weighing well the lesson con-

veyed) that the flood of light which the phagocyte
doctrine throws upon the nature and processes of

disease is not due to a medical man, nor even to one
of those industrious observers of the physical properties
of the tissues of the frog and the rabbit, who pursue
their researches by the aid of delicate recording drums,
balances, and pendulums, and have for some unexplained
reason at the present day been granted the monopoly of

the ancient and comprehensive title
"
physiologist."

Just as the penetrating theories of Pasteur, the chemist,
on infective disease, were opposed by the medical pro-

fession, who regarded a chemist as an intruder in their

domain, so the medical pathologists and the more narrow-
minded devotees of the kymographion have, to a large

extent, opposed, rejected, and attempted to ridicule,
Metschnikoff's doctrine of phagocytes. Unfortunately,
medical education is too little based on thorough biologi-
cal training, and in this country the so-called "physiologist,"
so far from being a naturalist, plunges into the diffi-

cult and not very fruitful task of applying the delicate

apparatus of the experimental physicist to the measure-
ment of processes occurring in the higher Vertebrata,

'
Metschnikoff's comprehensive view of the significance of phagocyteswas first made known to English readers by translations of two of his earlier

papers, almast immediately after their original publication, in the Quarterly
Journal of Microscopical Science, 18S4. 1 hey were entitled

"
Researches

oil the Intra-cellular Digestion of Invertebrates," and "The Ancestral
History of Inflammation."
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without ever attempting to gain a competent knowledge
of the ultimate structure and vital processes of the series

of lower animals. Had our physiologists and patho-

logists the advantage of even a moderate instruction in

zoology, comparative anatomy, and embryology, they
would be making progress towards dealing with many of

the problems the solution of which they in vain seek to

wring from the unfortunate frog and rabbit. Certainly,

it is not possible for a physiologist or pathologist with

any pretensions to an adequate knowledge of the structure

and activities of the organs and tissues of lower as

well as higher animals to fail to see the great value of the

generalization which brings together under a common
term the phenomena of intra-cellular digestion, of em-

bryonic cell-layers, of inflammation, and of immunity to

bacterial disease—which "
explains

"
at once the mesoblast

of the Echinoderm-larva and the very existence of the

colourless corpuscles of vertebrate blood. The man who
sneers at

"
Metschnikoffism,"— that is, the explanation of

the phenomena of inflammation and infective diseases in

Vertebrate animals by a comparative study of these

phenomena in Protozoa, Sponges, Jelly-fish, Worms,
Crustaceans, and Mollusks—must be held to be either

very ignorant or morbidly prejudiced against zoological

studies.

Elias Metschnikoff has been known for more than five-

and-twenty years as the most productive and accurate

investigator of the embryology of marine Invertebrata,

such as the Sponges, Medusae, Echinoderms, and Worms.
The amount and value of his researches in this field had

placed him by general consent in the very first rank, by
the side of his distinguished fellow-countryman Kowal-

ewsky, when, ten years ago, he was led to direct his

attention more especially to the study of the activity of

the amoeboid corpuscles of the blood and tissues of

certain transparent organisms in resisting infection by

vegetable parasites ;
and thence to other questions of a

similar nature. Lately he has retired from the Professor-

ship of Zoology which he held at Odessa, and accepted
a position giving him the control of an admirable labora-

tory in the Institut Pasteur in Paris.

Metschnikoff commences his book with the statement :

"
It is solely in my quality of zoologist that 1 have decided

to deliver these lectures on a subject which belongs to

the domain of pathology." Just as formerly, in com-

parative anatomy, account was taken only of Man and

the Vertebrata, so now, our author says, in medicine up
to the present time, all the pathological processes which

go on in the lower animals have been left out of con-

sideration. And yet the study of these lower animals,
which present simpler and more primitive conditions than

do Man and the Vertebrates, is capable of furnishing us

with the key, as it were, of those complicated pathological

phenomena which are most interesting for medical science.

Disease and pathological processes'have
—he reminds us

—their evolution, just as Man and the Vertebrates them-

selves have.

After describing and figuring examples of parasitic

infection among Infusoria, M. Metschnikoff gives details

establishing the important property of " chemiotaxis "—
positive and negative

—as characteristic of amoeboid

protoplasm, selecting the Plasmodium of Mycetozoa for

special study. He next discusses the passage from uni-

Z
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cellular animals to the Metazoa, and his embryological

theory of the "
phagocytella." The reaction of the

mesodermic phagocytes of sponges to foreign matters

introduced into the substance of these animals is de-

scribed ; and, subsequently, similar phenomena in Coelen-

tera, Echinoderma, and Worms are cited, and illustrated

by original drawings. It is shown that in these Inverte-

brates the phagocytes attack and invest, either singly or

in fused masses, not only inorganic particles, but large

parasites, and also intrusive parasitic Bacteria. Thence

he passes to organisms
—the Mollusca, Arthropoda, and

Tunicata—which have a well-developed blood-system-
He shows that here, too, there are no special

" vascular "

phenomena excited by conditions which in higher Verte-

brates produce "inflammation," but solely a "
phagocyte

reaction
" or resistance. Numerous cases of infectious

bacterial and fungal diseases in Arthropoda are described,
and the action of the phagocytes in combating the in-

trusive parasites by ingulfing and digesting them is

demonstrated. Even when we come to the Vertebrates,
it is shown that, in regions of the median fin of the tad-

pole of the Axolotl, an inflammation can be excited

which is purely phagocytic, and in which the blood-

vessels and their contents take no part.

The peculiarity, however, of inflammatory processes in

adult and higher Vertebrata is, that the blood-vessels

come into play. The amoeboid corpuscles floating in the

blood by active movement (of a chemiotactic nature),

push their way through the walls of the capillaries (diape-

desis) in the region which is infected or injured, and join
their forces to those of the tissue phagocytes in investing
and destroying the injurious particles.

A detailed study of the leucocytes of the blood and

lymph of Vertebrates follows, which are distinguished as

(i) lymphocytes, (2) uninuclear, (3) eosinophil, and (4)

neutrophil or multinuclear leucocytes. Metschnikoff

shows that the two varieties of leucocytes which play the

chief part in inflammation—viz. the uninuclear and the

neutrophil
—are endowed with a marked chemiotactic and

physiotactic sensibility, are capable of amoeboid move-

ments, and apt to ingulf and to digest various foreign

bodies, notably many kinds of living Bacteria. In the

Amphibia he shows that the multinuclear leucocytes can

transform themselves into the uninuclear form, and be-

come fixed cells of the connective tissue. In Vertebrates

generally, uninuclear leucocytes can be transformed into

epithelioid and giant cells. What is true of leucocytes

is also true of other migratory cells.

The ninth, tenth, and eleventh lectures deal with such

topics as the endothelium of vessels, the dilatation of

vessels, chronic inflammations—tubercle being taken as a

type
—serous inflammation, bactericidal power of serous

humours and exudations ; and the antitoxic property of

the serum.i A most important and interesting study of

'
I cannot let pass this opportunity of pointing out an evolutional parallel

in the history of phagocytes which tends to harmonize to some extent the

views of those who insist on the bactericidal and the anti-toxic properties of

serum, with MetschnikofTs view that the phagocytes are of prime import-
ance. In the recent debate at the Pathological Society of London, it was

pointed out by several speakers that even if it be admitted that the serum
and exudations have, in relation to certain special cases, these properties

—
or rather contain substances having these properties

—those substances must
be derived from the living cells of the organism, and probably from leuco-

cytes. The parallel to which I refer is that of intra-cellular and cavitary

digestion. The alimentary canal of some lower animals is lined by phago-

the phenomena of resistance to the tubercle bacillus on
the part of the giant-cells of the Algerian Rodent Meri-
oncs Shaivi is given in some detail.

The last lecture treats of some previous theories of

inflammation, summarizes the facts which serve to estab-

lish what Metschnikoff calls the biological theory of

inflammation, and repels some attacks recently made on

it. The theory is formulated in these words :

" Inflam-

mation must be looked upon in its entirety as a phago-

cytic reaction of the organism against irritative agents
—

a reaction which sometimes is carried out by wandering

phagocytes only, sometimes with the assistance of the

vascular phagocytes or with that of the nervous system."
The last words refer to the intervention of the vaso-motor

nervous centres.

Medicine, says our author in order to gain her

assigned objects must make use of knowledge drawn
from all less complicated branches of science

;
and

amongst others from that biology which studies organisms
in their living state and their natural evolution.

The services rendered will be reciprocal. General

biology, he points out, can gain great advantage by

embracing in the sphere of its studies the morbid pheno-
mena now relegated to the pathologist. Too often biology

finds difiiculties in the study of the processes of evolution

because the phenomena are presented to the observer in

an already accomplished form. To observe with clear-

ness the play of the general law of natural selection, we

must study the less stable phenomena, the less perfected

organizations
—in a word, the phenomena in which natural

selection can be observed every day. Now it is precisely

the phenomena of disease and the reactions connected

-with it—the struggle between the organism and its

aggressors—which offer the best opportunity for a close

study of the operation of natural selection .

It has been impossible to do justice to this remarkable

book in a short review. It has the special quality of

carrying conviction to the reader's mind by the fact

that every assertion is supported by a number of well-

chosen observations or experiments which are described

with a lucidity and precision characteristic of a man

thoroughly familiar with the minutest details of the things

of which he speaks. It is to be hoped that it may have,

amongst other consequences, that of silencing certain

medical "educationists," who deny that zoology is a

necessary or useful accompaniment of the chemical and

physical study of living things. Its pages contain con-

vincing proof that medicine has gained more real know-

ledge and practical help from modern zoology than

from the elaborate experimentation on higher Vertebrates

which is directed by narrow-minded ignorance of the

simpler expressions of animal organization.

E. Ray Lank ester.

cytes which individually ingulf solid particles of food, and digest them by
mean's of ferments, acids, &c., formed within the phagocytes. A later stage

of evolution of the digestive system consists in the discharge by these cells

of the food-dissolving substances elaborated by them into the common liquid

occupying the cavity which they surround. The food- dissolving substances

are no longer found exclusively in the cells, but in the liquid which bathes

them. Yet no one ascribes a special •povi^r to the gastric juice, or hesitates

to trace its qualities to the transformed intra-cellularly-digesting cells. So

with bactericidal and anti-toxic juices: they must be traced (when their

existence is proved) to the modification of the jnodns operandi of intra-

cellularly-digesting phagocytes.
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TWO BOOKS OF AFRICAN TRA VEL.

Travels in Africa during the Years 1879-83. By Dr.

Wilhelm Junker. Translated from the German by
A. H. Keane, F.R.G.S. (London : Chapman and

Hall, 1891.)

My Second Journey through Equatorial Africa. By
Hermann von Wissmann. Translated from the German

by Minna J. A. Bergmann. (London : Chatto and

Windus, 1 891.)

THE first of these two books deals with a part of the

period during which the late Dr. Junker carried on

his second series of explorations in Central Africa. On
his return to St. Petersburg in September 1878, after his

first journey to the Egyptian Sudan, he had no intention

of paying another visit to that region. Nevertheless,
within a year he was hard at work preparing for a similar

expedition, and on October 10, 1879, he found himself on
board the steamer which took him to Alexandria. With
as little loss of time as possible he made for Khartum,
whence he started by the Ismailia, on January 31, 1880,
for Meshra Er-Req, on the Bahr el-Ghazal. This part
of the journey was made extremely tedious by the
"
sudd," or grass-barriers, through which the steamer had

to force its way. The vegetation of which " sudd "
is

composed grows luxuriantly in back-waters ; and great
masses of it are brought by winds or by flood-waters into

the river. These masses may either drift harmlessly with

the currents, or coalesce into formidable barriers. Some-
times they become so compact that a steamer cannot

penetrate them, and they must be broken up by special

apparatus. This is especially the case in the Bahr el-Jebel.
In the Bahr el-Ghazal the barriers are troublesome enough,
but are not of quite so tough a texture.

At Meshra Er-Req Dr. Junker met Gessi Pasha, who
was at that time Governor of all the Equatorial Provinces-

The two men had a warm regard for one another ; and
after a little delay, due to Gessi's numerous engagements,

they made an excursion together to Dem Soliman, the

most important of the Arab settlements visited by Dr.

Junker in the negro lands. Here they parted, never to

see one another again, for Gessi died about two years
afterwards at Suez. From Dem Soliman Dr. Junker
travelled in a south-easterly direction to the territory of

Ndoruma, a native chief, who, although rather fickle, was
of considerable service to him. In this territory, on the

banks of the Werra, Dr. Junker established a station

called Lacrima, where he remained about two months.

He then proceeded southward, crossing the Welle, and

residing some time with Prince Mambanga, from whose

territory he went eastward to Tangasi. Before the end
of 1880 he was back at Lacrima, which he had left in

charge of his companion, Bohndorff. In the course of

1 881 Dr. Junker travelled among several different tribes,

arriving about the end of the year at the domain of

Prince Bakangai from Hawash station. At this point the

narrative stops, to be continued, no doubt, in another

volume, although on this point nothing is said either by
the translator or by the publishers.
So many changes have taken place since 1881 in the

regions visited by Dr. Junker that his account of the

mutual relations of the native tribes is now, of course,

out of date
;
but that does not in any way diminish the

i
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value of his descriptions of their permanent charac-

teristics. He had a remarkable power of winning the

confidence and respect of the people, and thus had many
opportunities of forming a trustworthy estimate of their

intellectual and moral faculties. Upon the whole, the

impression they produced upon him was not unfavourable.

He seems to have been especially pleased with some

aspects of the character of the Mangbattus, his observa-

tion of whom enabled him to say that the "
tender side "

of negro feeling had been called in question unjustly.
The women of this tribe hold a relatively high position.

They are allowed to take part with the men in public

gatherings, and some of them were occasionally able to

act as Dr. Junker's interpreters. The Mangbattus have

a decidedly artistic faculty, which they display most

effectively in the making of iron weapons. They have a

kind of knife which seemed to Dr. Junker
"
unsurpassed

for the beauty and originality of its numerous forms";
and their spear-heads

"
present an amazing variety of

types in the size and shape of the barbs, teeth, and tips."

They also "display surprising technical skill in the artistic

treatment of diverse wooden utensils and earthenware

vessels, which, as in all these negro lands, are turned out

without the aid of the potter's wheel." Dr. Junker's

geographical observations relate to a comparatively
small area, but their thoroughness gives them a unique

place in the literature of African exploration ; and

naturalists will read with interest everything he has to

say about the flora and fauna of the districts he traversed.

Scientifically, Major Wissmann's book is of less im-

portance than Dr. Junker's. It records his experiences

during his second journey through Africa, which was

undertaken in 1886, when he was still in the service of

the King of the Belgians. His instructions were to open
various parts of the interior of the Congo State ; to investi-

gate, and, as far as possible, counteract, the proceedings of

slave-hunters ; and to report on the countries bordering
the Congo State towards the south-east. He made in the

first instance for the Bashilange country, where he re-

mained for some time, exploring the region and settling

various political affairs. In November he left Luluaburg
at the head of a caravan consisting of 900 persons, who

accompanied him eastward to the neighbourhood of

Nyangwe, on the Upper Congo, whence they were taken

back to their native country by Lieutenant Le Marinel.

At Nyangwe Major Wissmann was detained by Zefu,

Tippu Tib's son, but ultimately he was allowed to depart,

and reached the east coast by Lakes Tanganyika and

Nyassa, and the River Shire.

The most important parts of the work are those re-

lating to the outrages committed by the infamous slave-

hunters
;
but there are also a good many valuable passages

in which the author embodies the results of ethnographical

study. Among other peoples described by him are the

dwarfs whom he met in the primaeval forest. They re-

minded him of portraits he had seen of Bushmen. They
were " of a brown-yellowish colour, or rather light yellow,

with a brown shadowing." Their demeanour was "
timidly

modest," and he had to be careful not to touch them, as

they were always ready to take to their heels. An agree-

able impression was made by the rounded figures, fresh

complexions, and graceful, easy, quiet movements of the

young, but the old
"
might literally be called painfully
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ugly"—a fact which seems to be due to their poor food

and roving life.

Both books are illustrated, and each is supplied with a

map. The map accompanying Dr. Junker's volume does

not indicate his routes, which the reader, therefore, often

finds some difficulty in tracing.

PROFESSOR TYNDALVS LATEST BOOK.

New Fragments. By John Tyndall, F.R.S. (London :

Longmans, 1892.)

WE have here a miscellaneous collection dealing

with various subjects
—

scientific, theological, bio-

graphic, and autobiographic. Some of the papers are

lectures delivered at the Royal Institution or elsewhere,

some are magazine articles, and a few have been added

for the present volume.

The personal recollections of Thomas Carlyle will

be read with interest, especially the account of his journey

to Edinburgh and the delivery of his Rectorial address.

The article on Pasteur sketches with keen apprecia-

tion the remarkable series of investigations which, begin-

ning with the optical properties of unsymmetric crystals,

were diverted by circumstances to the life-history of

microscopic organisms, and the nature of fermentation.

The sketch of the remarkable career of Count Rumford

derives increased interest from local information gathered

during a visit to the scenes of Rumford's boyhood in

New England.
The lecture on Thomas Young contains a vivid de-

lineation of his personal qualities, and, besides tracing

his achievements in physical science, gives a very clear

and intelligible account of the methods by which he

succeeded in deciphering the Egyptian hieroglyphics.

In the accompanying narrative, his openness and plain

dealing are strongly contrasted with the crafty suppres-

sions of his rival, Champollion, who, being a professional

antiquarian, appears to have thought it intolerable that

he should be beaten in his own special province by an

outsider.

To many readers, the most interesting portions of the
"
Fragments" will be those which are autobiographic.

An address, delivered at the Birkbeck Institution in

1884, contains a sketch of Prof. Tyndall's early career,

first as a draughtsman in the Ordnance Survey, then as

an Ordnance surveyor in the field, next as a railway sur-

veyor in the rush of work which sprung from the
"
railway

mania." Here is a specimen of his recollections of that

date :
—

"Among the legal giants of those days, Austin and

Talbot stood supreme. There was something grand, as

well as merciless, in the power wielded by those men in

entangling and ruining a hostile witness ; and yet it often

seemed to me that a clear-headed fellow, who had the

coolness, honesty, and courage not to go beyond his

knowledge, might have foiled both of them. Then we
had the giants of the civil engineers—Stephenson, Brunei,

Locke, Hawkshaw, and others. Judged by his power of

fence, his promptness in calcuhtion, and his general
readiness of retort, George Bidder as a witness was un-

rivalled. I have seen him take the breath out of Talbot

himself before a Committee of the House of Lords.

Strong men were broken down by the strain and labour

of that arduous time. Many pushed through, and are

still amongst us in robust vigour. But some collapsed ;

while others retired with large fortunes it is true, but
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with intellects so shattered that, instead of taking their

places in the front rank of English statesmen, as their

abilities entitled them to do, they sought rest for their

brains in the quiet lives of country gentlemen. In my
own modest sphere, I well remember the refreshment

occasionally derived from five minutes' sleep on a deal

table, with Babbage and Callel's
'

Logarithms
' under

my head for a pillow."

We next find him as a master at Queenwood College,

Hants, where he had Frankland for a colleague.
"
Queenwood College had been the Harmony Hall of

the Socialists, which, under the auspices of the phil-

anthropist, Robert Owen, was built to inaugurate the

Millennium. The letters
'

C. of M.,' Commencement of

Millennium, were actually inserted in flint in the brick-

work of the house."

Having saved some two or three hundred pounds, he

went with Frankland in 1848 to study science in Ger-

many, and selected Marburg as a place where he could

live cheaply amid agreeable surroundings. Here, if the

mists of intervening years have not unduly magnified the

past, we must believe that he worked without weariness

for sixteen hours a day. There were about three hundred

students. Bunsen was the Professor of Chemistry, and

appears to have given great prominence to chemical

physics. His lectures included the electric telegraph,

and a very full exposition of Ohm's law
;
and in the

department of heat he made complimentary references

to Joule.

In process of time our student began to make original

investigations, and his first paper was on the phenomena
of water-jets. It included the remark that the musical

sound of cascades and rippling streams, as well as the

sonorous voice of the ocean, was mainly if not wholly

due to the breaking of air bladders entangled in the

water.

After taking his degree at Marburg, he came over to

England, but soon returned with his friend the late Prof.

Hirst to Germany, where he studied at Berlin under

Magnus, and met Dove, Ehrenberg, Mitscherlich, Du

Bois-Reymond, Wiedemann, Clausius, Poggendorfif, and

Humboldt.

The happy associations of University life strengthened

the predilections which originally attracted him to Ger-

many, and he professes great admiration for the German

character, which, alike in science and in war, aims not at

glory, but at the discharge of duty.

Further gossip of an autobiographical kind is furnished

under the head of
" Old Alpine Jottings," which occupy

the last seventy pages of the volume. Here we find him

recruiting exhausted nature, after intellectual toil, by
arduous climbing on icy slopes, over fearful precipices,

and under a fusillade of boulders shooting down from

the heights above.

Perhaps the most vigorous piece of writing in the book

is that which is placed first—a lecture on Sabbath ob-

servance, delivered in 1880 before the Glasgow Sunday

Society ;
and we rtiust not omit to mention the second

article, which gives a very full account of Goethe's work

on colour. It pays a high tribute to Goethe's acuteness

as an observer, but gives an unsparing exposure of his

weakness as a scientific theorist.

The volume, though not ambitious, contains much

pleasant reading. J- D. E.
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OUR BOOK SHELF.

A Treatise on Chemistry. By Sir H. E. Roscoe, F.R.S.,
and C. Schorleinmer, F.R.S. Vol. III. "The
Chemistry of the Hydrocarbons and their Derivatives ;

or, Organic Chemistry." Part VI. (London : Mac-
millan and Co., 1892.)

The present section of this well-known work deals with

the derivatives of naphthalene and the allied hydrocarbons—phenanthrene, chrysene, &c. ; also with the compounds
containing two or more benzene nuclei directly united,
such as diphenyl.
The extraordinary expansion which this particular

branch of organic chemistry has undergone during the

last fifteen years is due in part doubtless to the fascina-

tion of the various problems of constitution which these

compounds offer, and to the well-founded assurance
that Kekule's benzene theory, which had thrown so much
light on the subject of benzene itself and its more im-

mediate derivatives, would prove an equally trustworthy
guide in the case of the more complex hydrocarbons of

the same class. But it is doing.no injustice to pure
chemists to say that a great part of this expansion is

attributable to the fact that numerous valuable practical

applications have been found for some of the compounds
in question.

In 1876, when Wurtz published his
"
Progr^s de ITndus-

trie des \Tatieres Colorantes Artificielles,
" the colouring-

matters derived from naphthalene might be counted on
the fingers of one hand, and not more than two of these—
Magdala red and Manchester yellow

—were really manu-
factured ; whilst from diphenyl not a single dye-stuff had
been prepared. At the present moment, only a specialist
in this branch could estimate, even approximately, the

number of the naphthalene dyes ;
and within the last few

years another important class of dyes, possessing the

hitherto unknown property of dyeing cotton without a

mordant, has been discovered among the derivatives of

diphenyl.
The industrial source of much of our knowledge in this

branch of chemistry is clearly shown in the fact that in the
work now before us the references are not confined to the
familiar scientific periodicals, but extend to the patent
literature of various countries and to works like Schultz's
" Steinkohlentheer " and P'riedliinder's

" Theerfarben."
Without going into unnecessary detail, the authors suc-

ceed in giving all which it is necessary for the student of

organic chemistry to know regarding these matters.

The questions of constitution are treated very fully and

clearly. The reader who wishes to gain an idea of what

organic chemists have accomplished, in the solution of

problems which but a few years ago would have been

regarded as utterly beyond the scope of rational investiga-

tion, cannot do better than study carefully the chapter on
the constitution of the naphthalene derivatives.

The authors continue to follow their excellent practice
of giving interesting historical details by way of introduc-

tion to the study of the more important compounds.

The Oak : a Popular Introduction to Forest Botany. By
H. Marshall Ward, M.A., F.R.S., F.L.S.

" Modern
Science Series," edited by Sir John Lubbock, Bart.,
M.P. 171 pages, and Index, 2 Plates, and 51 Woodcuts.

(London : Kegan Paul, Trench, Triibner, and Co.,

Ltd., 1892.)

This little book fills a distinct gap, as it is the first time
that a primer intended specially for students of forestry
has been issued in England. Prof. Marshall Ward has
been for many years the Lecturer on Botanv at the Royal
Indian Engineering College at Cooper's Hill, and there-

fore understands thoroughly what is required. He has
followed for his plan the taking of a single tree—the oak—
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and dealing with it exhaustively. After a general intro-

duction, he deals first with the acorn and its germina-
tion, describing fully the embryo and its epidermis, the

vascular bundles of the former and its cells, and the
character of their contents. He tells us that two years
elapse before the supply of food stored up in the two
thick cotyledons is exhausted, and it is not until the
tree is from sixty to a hundred years old that good seeds
are obtained from it. Then he describes the seedling
and young plant

— first the root and its tissues, and then
the stem, buds, and leaves, and their microscopic struc-

ture. Then he turns to the full-grown tree, and describes
its root-system, shoot-system, inflorescence, flowers, fruit,

and seed. Next he deals with the timber of the oak, its

structure, and technological peculiarities. Then he treats

of the cultivation of the tree, and the injuries and diseases

to which it is liable from the attacks of insects and fungi.
He concludes with a short chapter on the relationships
of the oaks and their distribution in space and time.

The genus is characterized by the cupule, in which
the acorn is inclosed, which represents a one-flowered
involucre. There are three cells in the ovary, and
two ovules in each ; but nearly always two of the

cells and five of the ovules are obliterated before the

seed is perfected. About 300 species of the genus
Quercus are known. It is spread universally through
the north temperate zone. Prof M. Ward is mistaken
in supposing there are no oaks in South America. Two
species have long been known in the Northern Andes—
Quercus tolimensis and Quercus Huniboldtii—both of

which are described and figured in Humboldt and Bon-

pland's
" Plantes Ec[uinoxiales." There are nearly sixty

species in India, and it is there that we get the genus
connected with the other Cupulifertc by passing through

Castanopsis into Castanea. The oaks go back to the

Cretaceous period, and a large number of fossil forms
are known. Their delimitation into species is very diffi-

cult. In Britain we have only a single species, Quercus
Robur, with two sub species Q- pedunculata and sessili-

Jiora, well enough marked in their extreme forms, but

passing into one another by gradual stages of transition,

which constitute what has been called Quercus inter-

media. The book is clear and well arranged, and will

be found thoroughly adapted to fulfil its purpose, and is

illustrated by a large number of excellent figures, some of

which are original and some borrowed from German
text-books. J. G. B.

The Elements of Plane Trigonometry, By R. Levettand
C. Davison. (London: Macmillan, 1892.)

Though the spirit of De Morgan's writings pervades
these

"
Elements," there is ample evidence that the writers

have taken an immense amount of pains in bringing
them fully up to date. We have long given up looking
for originality in a treatise on trigonometry ; indeed, in a

text-book for use in schools such a feature is hardly

desirable, but there are not wanting here many novel

features in the matter introduced and in its mode of treat-

ment. De Morgan's influence is shown "
in the use of the

negative hypotenuse in defining the ratios, in the more
definite meaning assigned to the notation for inverse

functions, the manner in which the addition formulas are

extended to any number of variables, the geometrical
treatment of the hyperbolic function and of complex
numbers, and in the two-fold generalization of a logarithm
to a given base." Another work to which the authors are

indebted in Parts II. and III. is Prof. Chrystal's masterly
treatise on algebra. In fact, they are au courant with

whatever has recently been written bearing in any way
upon their subject-matter.
The book is divided, like ancient Gaul, into three parts.

The first tieats of arithmetical quantity, in five
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chapters ;
the second of real algebraical quantity ;

and the third of complex numbers. The first two

parts contain what is requisite for school use, the third

is beyond the ordinary run of junior students. The
whole has, we believe, stood the test of class

work. In the second part the application of trigo-

nometry to surveying is made interesting by treat-

ing the subject as practically as possible. There
is a copy from a photograph of a theodolite, and a con-

versational description ofthe same, and in Part I., through
the permission of the publishers, there is printed a portion
of the map of the Mer de Glace given in the "

Life of

Prof. Forbes." These little points are likely to interest

young students. Of course the hyperbolic functions are

discussed, but they are discussed in a way that is novel
to us in some of the details

;
for instance, geometrical

proofs are given of cosh {u -\- v) and sinh (w + v). These
strike us as being very elegant and quite within school

range, as they need only a moderate acquaintance with
the properties of the rectangular hyperbola. A short

space is occupied with the Gudermannian function, and
a table of approximate values of hyperbolic functions is

given in the same section. The section on convergency
and continuity of series, and, in fact, the whole discussion
of series, is very carefully done.

Our summing up is that the book is one of the best we
have met with on the subject, and quite fitted to

hold its own against the two or three formidable rivals

that have lately appeared in the- field. There is a

plethora of carefully chosen examples, which we advise
the junior student to use with Prof. Chrystal's caution in

mind :

"
I should much deprecate the idea that any one

pupil is to work all the exercises (in the 'Algebra') at the
first or at any reading. We do too much of that kind of
work in this country." The text is further illustrated by
many^r«j!^^.?of different functions, and answers, carefully
tested from working with pupils, are appended at the end,
with tables of the logarithms required for the exercises.

Les Fleurs a Paris : Culture et Conwiercc. Par Philippe
L. de Vilmorin. (Paris : J. B. Bailliere et Fils, 1892.)

The trade in cut flowers is now quite an important de-

partment of commerce, and it is rather surprising that a

good many attempts have not been made to give a full

and connected account of it. In the present volume M.
de Vilmorin deals with the subject chiefly in its relation

to Paris, and he has brought together many facts which
will be of interest both to lovers of flowers and to students
of social economy. He describes the various ways in

Vi^hich the trade is organized in the French capital, the
sources from which the flowers are derived, the manner
in which they are cultivated, and the means by which
they are distributed. He then presents an account of
the various kinds of flowers used for decorative purposes,
giving in simple language such botanical details as are

likely to be intelligible and attractive even to non-scien-
tific readers. The volume is abundantly and very prettily
illustrated.

Health Springs of Germany and Austria. By F. O-

Buckland, M.D. Second Edition. (London : W, H.
Allen and Co., 1892.)

This little book ought to be of considerable service to

invalids who may desire to obtain aid in the choice of a
Continental health resort. The author does not profess
to present elaborate details as to the various springs with
which he deals ; but he says enough about each to give
a sufficiently clear idea of its merits and defects. He
offers also some good general remarks on the nature and
uses of health springs. In the present edition he has
made little change, but he has increased the value of the
book by adding an index.
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LETTERS TO THE EDITOR.
\_The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intendedfor this or any other part of 'iiixvv'R.u.

No notice is taken of anonymous communications. ]

Heat Engines and Saline Solutions.

I HAVE nothing to modify in what I have written under the
above heading (p. 438) ;

but to deal completely with all the

questions raised by Mr. Macfarlane Gray (p. 486) would re-

quire half a treatise. I will limit myself to a few brief remarks.

(i) In Carnot's engine there is no (separate) boiler or con-
denser.

(2) When I spoke of the various parts of the working sub-

stance being in equilibrium with one another, I referred to com-

plete equilibrium, thermal as well as mechanical. If the

temperature varies from one part to another there is no equili-
brium.

(3) On the above understanding the pressure of vapour in

equilibrium with a saline solution of given strength is a definite

function of the temperature.
(4) Let me suggest that the origin of the difficulty may lie in

the phrase "superheated vapour," which has not so definite a

meaning as Mr. Gray seems to ascribe to it. Whether vapour
be superheated or no, depends, not only upon the condition of

the vapour itself, but also upon the bodies luith which it is in

contact. Vapour which is merely saturated in contact with a

saline solution must be regarded as superheated when contact
with the solution is cut off. In the first situation it would con-

dense upon compression, and in the second situation it would
not.

In conclusion, I will hazard the prediction that, if the heat

engines of the distant future are at all analogous to our present
steam engines, either the water (as the substance first heated)
will be replaced by a fluid of less inherent volatility, or else the

volatility of the water will be restrained by the addition to it of

some body held in solution.

Rayleigh.

On Earth Vibrations.

It seems that the earth, once set in vibration, maintains this

state for a long time before coming to rest. The observers of

Greenwich (see Major H. S. Palmer in the Transactions of

the Seismological Society of Japan, vol. iii., p. 148) found

that from time to time, at considerable intervals, there was an

evening when the usual observations for determining the collima-

tion-error of the transit-circle by means of reflection in a tray of

mercury could not be taken, on account of the constant

trembling of the surface of the mercury, which on such oc-

casions continued until long past midnight. These are occasions

when crowds of the poorer classes of London flock for amuse-
ment to Greenwich Park. A favourite pastime with the young
people, often prolonged until after nightfall, is to clamber to the

top of the steep slopes of the hill on which the Observatory
stands—in fact, to the paling of the enclosure—and then,

joining hands in twos or threes, to bolt precipitately to the

bottom, where, as may be imagined, they usually arrive "all in

a heap." Hundreds join in this sport on fine evenings, and the

result, as shown by the behaviour of the mercury, is to set the

whole of Flamsteed Hill in a tremor, which does not subside

until early next morning, many hours after the people have left.

Another very beautiful proof of this fact offered itself to me in

the Geophysical Observatory of Rocca di Papa, Rome. A slight

earthquake coming from Aquila (at no kilometres north-east

of Rocca di Papa) was felt and registered by the instruments at

9.39 a.m. mean time of Rome, on the 8th of last February.

Just at that time I was casually observing through a microscope
a pendulum 6 cm. long, which suddenly began to display great

agitation.
Now such a pendulum, when removed from its equilibrium

position for an amplitude equal to the observed, comes to rest

in about half-an-hour. In the present case the pendulum con-

tinued to oscillate till the afternoon. Nor did the character of

the vibrations correspond to the gradually and regularly diminish-

ing oscillation of a pendulum which has received a single shock.

The pendulum is firmly fixed to a big column, deeply founded



March 31, 1892] NA TURE 5ii

in the basalt-lava, so as to give trustworthy indications of the
real movements of the ground. Perturbing causes which would
have kept the pendulum in agitation, such as wind, the passing
of people, carriages, &c., had not on that day to be taken into
account.

I think it rather improbable that secondary and subsequent
shocks, coming from the same centre as the first one, were the
cause of the observed fact : a much more probable explanation
would be that the whole hill on which the Observatory is built

maintained during the whole time the particular state of

trembling produced by the first shock.
Rocca di Papa, Rome, March i8. Emil Oddone.

Striated Surface under the Cromer Drift.

At the beginning of the present month (March) there were
some good Forest Bed exposures in the neighbourhood of
Cromer. Somewhat less than a quarter of a mile south-east of
East Runton, there was an exposure I had not noticed before.
It consisted of a smooth, hard surface of ferrugineous sand,
not unlike some of our Trias beds, except that below it

became softer. This slab of sandstone projected six yards
obliquely from under the cliff, or rather talus in front of
the cliff, with a slight dip to the west inwards, its out-
ward face rising one foot above the sand of the fore-
shore. Upon the outer or longer exposed part there was no
indication of striae, but toward the inner or more recently
exposed portion faint grooves could be distinguished, becoming
more distinct the nearer it approached the cliff; two feet from
the cliff they were distinct and numerous. The main direction
of striae ran due north and south, a few crossed from the north-
north-west and north by east, but none deviated from the

general direction beyond these points. They extended entirely
across this part of the exposure, viz. 4 feet, and continued
as far as the surface could be uncovered. Resting immediately
above, as far as could be made out among the recent talus,
was the highly-contorted drift sand and loam usually observed
hereabouts ; no flint nodules, stones, or boulders could be seen
in them, and it is difficult to understand how these, if they had
been present, could groove the bed so persistently in one
direction when shoots took place.

About half a mile to the south-east and one mile to the north-

west, the cliff sections this year show the soft sand and loam
beds bent into anticlines, thrust back to a vertical position like
a pack of cards on end, their central axes pointing to the north.
This form indicates that the force came from the same direction
as the mean striae engraved upon the underlying surface. Three
points of interest will be observed :

—
(i) That the ice which caused the striations could hardly have

contorted the beds above them
; it probably shrank back and

allowed the drift to be deposited, and then encroached once
more and contorted the overlying beds.

(2) Soft beds of sand and loam could not be twisted or con-
torted into ribbon forms unless a considerable load lay above to

prevent them breaking up and becoming disarranged.
(3) We should hardly expect to find stria; preserved upon

a comparatively soft surface under what looks like bedded
sand or loam

;
but unfortunately this point cannot be clearly

established in consequence of talus obscuring the bed im-

mediately above
; but, bearing upon this point, it may be inter-

esting to state during the summer of 1890 I found at Penrhyn,
Nevin, Carnarvon Bay, a highly glaciated and striated rock
surface which had been recently exposed. This roche moutotuik
was overlain by a drift cliff of bedded sands and loams 100 feet

high, resembling the Cromer drift in every respect except the
contortions ; these striations were from the east-north-east or
seaward side also. William Sherwood,

Sutton Coldfield.

Pilchards.

In this far-off corner of the world the news has only just
reached me that my name has been quoted in your valuable
columns with Mr. Cunningham's article on the growth of the

pilchard or sardine. As it is a matter which much interests me,
I should like to have a word or two on the subject. Person-

ally, I have no doubt as to the identity of the pilchard and
sardine. Seeing the matter has been so well threshed out by our

greatest ichthyologists
—Couch, Day, and Giinther—the spawn-

ing of the fish being only a question of local conditions, and not
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even giving us aid in determining the species
—note the doings

of the herring when about this work around the islands of
Great Britain, which keeps shedding its roe for eleven months
out of the twelve in these waters. As to the question of the

English pilchard being so much larger than those of other

countries, this to my mind is a subject ol grave doubt, and I fear

Mr. Cunningham's informants have not looked up the mat;er

thoroughly.
When I was a juror in the London International Exhibition

in 1883, in the Spanish department we gave awards to exhibitors

who had pilchards of the same size and cure as those of Corn-
wall. Again, the principal markets for our Cornish pilchards
are those of Italy. But in this business we are not alone, for

side by side with our fish are the Spanish pilchards, cured like

our own ; generally they are a little smaller than ours, answer-

ing to our summer fish.

But in this past season they are decidedly our rivals, and in

such quantities as to bring the price down in such a manner as to

leave us with scarcely a margin of profit through their being
just equal in size to our Cornish output.

In the past season we calculate that Cornwall and Devon have
sent out about 25,000 casks of pilchards into Italy ; but we should

not be surprised to find that Spain has sent forwards into the

same country over 30,000 casks.

We began the season by sending our fish forwards in Septem-
ber, and were rather surprised to find the Spanish merchants
had glutted the Italian markets with fish in August, and the

imports went on till near Christmas, which seems to indicate

they were catching pilchards on the coasts of Spain in the

summer and autumn of the year. When this question of the

size of the pilchard has been fairly looked up, I think it will be
found the size of the fish of any coasts will be chiefly governed by
the facts that abrupt and exposed coasts, having a heavy sea and

strong tides along them, will have the strongest and largest fish

swimming in its waters; while the bays, and narrow and

protected seas and inlets, will have the young, weak, and smaller

fish in them, the nature of the foods having the lesser influence.

I have been led to believe the Bay of Douarnenez is the

deepest bay on the coast of Brittany, and in it is carried on the

largest fishery for young pilchards on the French coasts ; while

off the more abrupt parts of the coast of Spain the pilchards are

large, like those on the exposed parts of Cornwall. And no
doubt if the French coasts were well looked up, the same facts

would come out respecting the fish there.

Fortunately for the F'rench and Spanish fishermen, up to date

they have not interfered with the food of the young pilchard ;

or, if they have, evidently they have substituted another in its

room, viz. cods roe ; hence they have these little ones in their

bays still ; but we have driven out ours by starvation, as will be
seen further on.

I was rather surprised to read Mr. Cunningham's statement

when he said I had told him that I had never seen pilchards in

Cornwall of the same size as the French sardines, for really
I have seen millions just like them for size.

Possibly the error came from my misunderstanding his

question, as we cannot see or get them now because of our

altered conditions.

If Mr. Cunningham will consult Y. Buckland's familiar history
of British fishes (p. 109), he will see a letter from me confirming

my statements, and written in the year 1872. In the year 1884
I received the medal of the Falmouth Polytechnic Society for

exhibiting a series of small pilchards, showing their growth and

ages in six stages
—the smallest being less than an inch in length—up to the two years old full-grown pilchard.

Before the railway ran into our county, our bay's were full

of these little fishes in the summer months ; and when our

seines inclosed pilchards, the first question was their size, as

pilchards under eight inches in length were useless for exporting

purposes ; consequently small fish were quickly turned back into

the sea alive.

But sometimes, in the excitement and darkness of the night,
the men were mistaken in the size of the fish, and took them
into their boats ; and when the daylight undeceived them the

fish had to be carted off for manure. I have often seen them on
our piers, piled up four feet high and hundreds of feet in length,

waiting the waggons.
But all this has passed away, and we have not one pilchard

seine left here to inclose pilchards should they again visit us.

But their coming is very improbable, as the quantity of fond

necessary for their sustenance is so much diminished that if the
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old numbers came on the coasts they would probably die in our

waters for want of food. And this sustenance was evidently one
of the greatest delicacy. Full-grown pilchards have been known
to feed up to yielding from three to seven gallons of oil to the

hogshead of 3000 fish when having their fill of it. Their food

was young Crustacea, and evidently was the larval forms of some
crab or crabs which live on our coasts.

I think a few words will make this plain ; in considering the

great crab—Cancer pagtirus
—in the sea, the sexes stand in rela-

tion to each other of about one male to eight or ten females, the

latter spawning from one to two million eggs. These, when
hatched out, pass through several distinct larval changes in

the surface of the sea before dropping down on the sea bottom.

Creatures having such vast procreative powers, when all the

conditions of life are favourable, must produce more young than

are wanted to make up for the wear and tear of the lace ; hence
in our first outlook we seem in danger of having a plethora of

crabs. But Nature, true to herself, has a police force at hand
to prevent overcrowding. This is found in the pilchard, who
attacks the crabs in the surface of the sea when in their zoe

forms
; while at the sea bottom, if they are yet too plentiful,

those powerful skates (Rata batis and Raia lintea), with their

long, sharp, hard noses, make their appearance among them,

routing them out of their hiding-places among the rocks, and
with their powerful jaws and teeth making short work with these

crabs.

Hence, in the olden times, when there was no demand for the

female crab, even at sixpence per dozen, and when they lay off

our coasts in millions, and again throwing off their countless

millions of eggs, there was seldom any lack of either large or

small pilchards in our bays in the summer months of the year.
But since the extension of the railway systems throughout our

land, and the demand came for all the crabs, not only have the

large pilchards been scarcer, but they have so fallen off in con-

dition as not to yield above one gallon and a half of oil to the

hogshead, and the French sardine-sized fish has disappeared
altogether.

It is certainly very satisfactory at this date to know that Mr.

Cunningham has found them ia their new haunts further out at

sea ; and that he has also verified the facts of the size and the

ages 6f the pilchards given in my exhibits at the Falmouth

Polytechnic so long ago. Matthias Dunn.
Mevagissey, Cornwall, March 22.

On the Boltzmann-Maxwell Law of Partition of Kinetic

Energy.
In the very valuable Report on Thermodynamics drawn up for

Section A of the British Association by Messrs, Bryan and

Larmor, and now recently published, there is a remark upon the

Boltzmann-Maxwell law of partition of Kinetic Energy, upon
which I should like to be allowed to make a few comments.
The Report says, in fact, after noticing the attempts to extend
the theorem from the case, originally contemplated by Boltz-

mann, of molecules composed of discrete atoms under mutual

forces, to the general case of dynamical systems determined by
generalized co-ordinates: It has now been proved beyond doubt
that the theorem is not valid in thisgeneralform ; and quotes as

a test ca-^e a paper by Prof. Burnside to the Royal Society of

Edinburgh, on the collisions of elastic spheres, in which the

centre of mass is at a small distance, c, from the centre of

figure. In this paper, doubtless, results are arrived at, after a

vigorous and able treatment, inconsistent with the law now
under consideration ; but there is, I think, an oversight, pointed
out by Mr. Burbury in a paper recently read to the Royal
Society of London, which vitiates these conclusions and leaves

the matter where it was before.

Prof. Burnside, in fact, has omitted to introduce the fre-

quency factor of collisions in proceeding to take his average, so

that, whether his result be correct or not, lox the average of all

possible collisions, it is not correct for the average of all collisions

per ttnit of time, and it is this last which is important for the test

of permanence of distribution.

When this frequency-factor is introduced and the approxima-

|2 + ^2(K + k)\^

^"(K + k), 2,

2 <:2(K + k),

2cF _ 2<rP

A' A '

tion carried, as in Prof. Burnside's paper, to the second power
of

A
it will be found, I believe, that = - and not -, so that

hi h h
if this statement is correct, we are hereby furnished with a
confirmation of the Boltzmann-Maxwell law by an independent
treatment.

The process is somewhat intricate, and too long for insertion
here.

I should like to make a few additional remarks on a view

expressed by Prof. Burnside, which is doubtless widely, but I

think not quite reasonably, shared by many eminent mathe-
maticians, to whom this theorem of partition of Kinetic Energy
is a stumbling-block.
He says, in the paper referred to, "Themethodof proof adopted

by Watson, following B iltzmann, is so vague as to defy criticism
or attempts at verification," but I really think the vagueness
consists in the generality of the conclusion and not in the method
of proof. To establish a proposition appHcable to all conceivable-
cases of collision, either in a field of no force, or of forces of any
kind, requires a method of proof which, whether true or false,
must of necessity be as general, or, ifyou please, as vague, as the
conclusion ; but, in point of fact, Boltzmann's method adapts
itself readily to every case which, like this of Prof. Burnside's,
admits of practical treatment. For example, in this very case
of the colliding spheres with centre of mass distance {c) from
that of figure, Boltzmann's method would assume that the
number of spheres with lines of centres in any direction, and
with component velocities of translation of C.G. and of angular
velocities round the principal axes lying between n, u -f du.
Sec, Sec, ajg, CO3 + dw-^, was

(p{tl, V, TV, l»j, CC.2, 0)3) dll . . . tfCDj,

Suppose, then, the circumstances of the two spheres to be dis-

tinguished, as in Prof. Burnside's notation, by the great and
small letters, U, it, Sec, H, oi, &c.

,
and let the corresponding

dashed letters denote these respective quantities after collision.

Then, as proved in Prof. Burnside's paper, we have—
2u + c^K +k)'U -2cvr , _ 2U -f (r2(K -f- k)u \- 2c-m .U'

2 -t- t-(K + k) 2 -t- c\¥. -f- k)

n'l = xii 4-

n'o=n,-i-

2(:P \} -u-\-c-vr

n'q=no+

A
2£Q"

B

2£R
C

'

U - w -f cts

£C
,
= w, -f

a> .,
=

tu.i -{

2cp

2cq
B

U — M - C-W

2 + f-(K-|-^j

U —u- car

2 + c-i{K-rk)'
" ^ B

'

2+c^(K + k)

V -u + c-ar ^ , _ 2cr U — u— car

2 + c'{K + k)'
'^3-««3

fj Y+c^lK+k)
'

where A, B, C are principal moments of inertia through C.G. ;

P, Q, R, /, q, r are quantities depending on the relative situa-

tions of the principal axes, the line joining the centres of figure
and mass, and the line of centres at collision, and not affected

by that collision.

m = Pflj + Qflj + RW3 + p<^i + <l(»2 + ^'^ai

K = ''%9^ + ^, k^l- + ?U^l,A B C' ABC
and the velocity of approach therefore equals \J - ii + cw.
The Boltzmann method, therefore, would require, for the

permanent or special state, the condition that

^(zc . . a>3)(|)(U . . . Hj) du . . . rt'rij (U - n -^ ctu)

should be equal to

^{u! . . . co'^)(p{\]' . . , n.\) du' . . . dCl\ {\]'
- n' + c-ur'),

because, when this condition is satisfied, and only then, can the

average number of spheres with velocity components in the un-
dashed state and line of centres parallel to the x axis (which
may be any direction), be equal before and after coUision,
inasmuch as those in the dashed state with velocities reversed
enter into the undashed state.

In determining the multiple differential dti' . , , dn.'^, we
may neglect the consideration of the resolved velocities in the

tangent plane, v, w, V, W, inasmuch as they are unaltered at

impact, and we have to evaluate the quantity
—

2CY,
-

2<rP,

2fQ,
-

2cQ,

2^R,
- 2<:R.

2Cp,
-

2Cp,
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' A A A A '

and so on for eight lines.

2cq,
-

2cq,

2c'-'?q
A '

2cr

- 2cr

2c'^Pr
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It will be found that the determinant is equal to

-
(2 + c-'-ik + K))8.

Also
\] - u + car = - {V - u' -f car'),

whence the condition of permanence becomes

<p{u . . .W3)'P(U ... rig)
= (pin' . . . w'3)

-
(p(\J' . . . n'3) ;

a condition which is satisfied when

(p
= m{u" + v"' f 1V-) + Awi" +.B«.j" + Cois'-.

A simpler case of verification, involving exactly the same

principles, is obtained by replacing the spheres by circular disks

confined to one plane. Here there will be only 6 co-ordinate

velocities, u, v, w, U, V, n, and the notation may be preserved as

before, only

-or = Pn + /c, K
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^2, k^t

and neglecting v and V, the velocities resolved in the tangent, as

before, we have, now, the factor multiplying the determinant

reduced to
^

i, and the determinant to 4 rows

{2 + f-(K + k)\^

and columns instead of 8, which will readily reduce to

-{z + c\Y^-\- k))\

There is, therefore, really nothing vague in Boltzmann's

treatment : all that it does is to show on general dynamical

principles that the functional determinant must be unity in all

cases, and therefore avoid the labour of evaluation.

What has been thus done for the collisions of heterogeneous

spheres and circles may be equally well done by the application of

the Boltzmann method to colliding systems of any number of

degrees of freedom ; it will be found that there is no vague-

ness in the process, although, of course, the analytical difficulty

may be greatly increased with the circumstances of different

cases. And what I understand to be the meaning of the Boltz-

mann-Maxwell law of partition of energy will, I believe, be

found to be true in each case. I understand that law to assert

that when the kinetic energy of each system has been expressed,

as it always can be, as the sum of 11 squares, as Pj-, P/-, . . . P«-,

each of the P's being a linear function of the n generalized

velocity components, the average value of each of these squares

is the same in the special or equilibrium state. For example,
where the system is a single rigid body with 6 degrees of freedom

and twice the kinetic energy is

M(m^ + z'- + 1V-) + Awj- + Ba>2- + €0)3",

the average kinetic energy in the special or equilibrium state

contributed by each translation is \ of the whole, and the

average kinetic energy contributed by each rotation component
is the same. It does not appear to me that the lav\' asserts

more than this, or that any application that has been sought to

be made of it requires anything more than this.

These conclusions are confirmed by Mr. Burbury in the paper
to the Royal Society already mentioned, and by an entirely

independent treatment.

I have purposely limited myself to the consideration of collid-

ing elastic systems treated by the conventional laws of impact,
because one such case had been specially singled out in the

British Association Report, and I believe that in all such cases

the Boltzinann-Maxvvell law of partition will be found to hold

good. The most general cases contemplated by Boltzmann and

Maxwell, involving the considerations of forces between parts of

the molecules themselves, with continued interchange of Kinetic

and Potential Energies, as well as intermolecular and external

forces, demand further space than could reasonably be asked of

you. H. W. Watson.
Berkeswell Rectory, Coventry, March 21.

The Functions of Universities.

As it is most desirable that students of all classes should, as

far as possible, be in contact with one another during the

impressionable years of training, it is eminently desirable that

schools of engineering should be connected with Universities.

It is distinctly contrary to public policy that the present denomi-

national education of students of different professions in special

seminaries, whether they are ecclesiastical, or medical, or

engineering, should be encouraged. The existing separation of

professional and commercial education is most mischievous, and
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is very largely due to compulsory Greek. Anent this, all that I

said was that the danger of a Pagan revival was the best argu-

ment for compulsory Greek; I did not say it was a
^^(^a^ argu-

ment. About going to Colleges and Universities, I did not say

that the student should goto a College and not to a University,

if he ever had time and ability to benefit by University training.

Very few can do this, hardly any undergraduates ever do ;
and

what I deprecate is that University Professors should be expected
to waste their time in making cripples run—that is what College
teachers and private coaches are paid for doing. Some Univer-

sities, as, for example, that of Dublin, are too poor to pay
double sets of teachers, but that is their misfortune, and should

not be a precedent for a rich country like England, nor for the

wealthiest city in the world, like London.
As to Prof Ayrton's forgetting the debt due to those who

studied useless subjects, I chode him for it because he sneered

at useless subjects. If he still sneered ?t useless subjects, I

would chide him still, even though he whited his prophets'

sepulchres by using the whole scientific hierarchy to name his

units after. As to my forgetting the debt due to the practical

applications, my letter was too short to include everything in it.

Anyway, I entirely agree with Prof. Ayrton that the business

of technical schools is to teach useful knowledge, and further,

that the enormous majority of mankind are most fortunately

employed in doing useful things, and should not be asked to

waste their time on trying to do useless ones.

Geo. Eras. FitzGerald.

A New Comet.

In last week's Nature (p. 484) I announced the discovery of

a new comet on March 18, and an editorial note was appended
to my letter as follows :

" This is stated to be Winnecke's

comet." Will you kindly allow me to point out that this state-

ment is based on a misconception, for the two comets alluded to

are situated in widely different regions of the sky, and cannot

possibly be identical, as a conTparison of the following positions

will show :
—

March 18, 1892.
R. A. Decl.

Winnecke's Comet 191° • + 3'°

Denning's Comet ... ... 34^ ••• +59
Bristol, March 26. W. F. Denning.

P.S.—The following is an.ephemeris of the latter comet

computed by Dr. Birdschof for Berlin midnight :
—

R.A. Decl. Light,
h. 111. s. . ,

March 29 2349 2 ... +6032 ... loi

April 2 01350 ... +6039 ... i-oo

6 o 38 8 ... + 60 34 ... i-oo

10 I I 37 ... + 6018 ... I'OO

14 I 24 4 ... + 59 52 ... I-oo

The comet reaches its perihelion on May 12.

W. F. D.

ON INSECT COLOURS.

L

THE Editor of Nature has been so kind as to invite

me to give in these columns a short summary of

certain investigations that I have been for some time past

engaged in, upon the behaviour of various insect colours

when tested by chemical reagents. A full account of

these experiments, of the methods of working, and of

the reagents used, has been published in the Entomo-

logist^ to which journal I must refer my readers for any
details that they may desire. Here, space will allow me
only to give in a condensed form the broad results. It is

necessary to say, however, that the remarks in this article

have reference only to the colours of the Lepidoptera ; and,

further, of the imagines only. The experiments have
been made by immersing the wings for one hour in the

following reagents : strong hydrochloric acid ; 50 p.c. nitric

acid ; 45 p.c. sulphuric ; strong acetic
; strong ammonia ;

25 p.c. potassic hydrate ;
and 10 p.c. sodic hydrate.

I
.-Vpril 1890 to September 1891.
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First of all, I must draw attention to a very important
distinction between colours and colours. It is, of course,
clear that a colour may be due either to a pigment or to

the physical structure of the coloured body ; and it was
therefore very necessary for me to find out, so far as

possible, which of the colours I might have to deal with

were physical, and which pigmental. With regard to some
of these, it could tolerably safely be conjectured

—
merely

from the appearance
—that they were simple physical

colours ;
in such cases, I mean, more especially, where

there was a distinct sheen or glow in the colour ;
and I

have been able to confirm various conjectures that had

previously been made, both by others and myself, as to

these physical colours. But in many other cases—indeed,
in the majority

—
nothing but experiment could decide

the question ;
and in some instances the decision has

been as unexpected as disappointing to me. In order
now to classify the results that I had obtained, and to in-

troduce as much order and method as possible into my
explanations of them, I have already ventured to propose

^

the following scheme of colours : (i) pigmental colours;
(2) interference colours, which include a very large num-
ber of insect examples, besides, of course, the iridescent

colours displayed by the wings of dragon-flies, May-flies,
&c. ; (3) reflection colours, other than the interference
colours—these will be found to include all the white-

winged species that I have examined ;
and (4) it seems

necessary to have a class of simple absorption colours, in

order to include all those cases of black in which no

pigment can be found, but, apparently, all the light-rays
are absorbed in a dense coating of scales.

The limits of space at my disposal compel me to pass
over the colours black and white with the remark that as
to the former, with one or two dubious exceptions, it can
be affected by no reagents, and I have, therefore, con-
cluded it to be not pigmental, but simply a "

physical
"

absorption colour
; full details as to this will be found in

the Entomologist. As to white, I have similarly failed to

find any pigment, or to obtain any reaction, except with

Melanargia galathea, and two or three white-fringed
species ;

in these instances the white is changed to a

deep yellow, which presently dissolves in the reagent.
The explanation of this I must defer until the pheno-
mena of yellow have been discussed. For the rest, white
is evidently simply a reflective colour, and not pigmental.
We now have to consider in succession the five colours

blue, green, red (and pink), yellow (and orange), and
chestnut ; and, first of all, I must recur to what was said
above on the criteria of physical and pigmental colours.

Referring my readers to the condensed tables of results,

given at the end of this article, I think—as the results of
what I have been able to learn from my experiments—
that the following rules may be laid down. There are

certainly two ways in which a pigment colour may be

affected, and either effect is conclusive evidence of the

presence of a pigment. Firstly, the colour may be dis-

solved out ; the liquid is left more or less deeply coloured,
and the wing is white, or colourless.^ This is the case

(^lide tables) with all the yellows and chestnuts that are
sensitive at all to the reagents, and also with the pigment
greens in most instances. It is very important to observe
that this change from a yellow or chestnut wing to a
white one does not imply any change from a yellow pig-
ment to a white one—as might at first be supposed from

merely glancing at the records in the tables : it is not so.

The change is due simply to a solution of the pigment,
which has originally been developed, 7tot front a white

pigment, but in a white, i.e. previously unpigmented,
wing. It will be necessary to refer to this again later in

discussing the \iQ^2L\\o\xx oi A. galathea. It is scarcely
necessary to point out how important a bearing the inter-

I Entomologist, September 1890.
^ The apparent exceptions of Vanessa io and V. atalanta will be ex-

plained under "
chestnut," infra,

NO. I 170, VOL. 45]

pretation of such results has upon our view of the nature
of white.

To proceed : the second criterion for pigment colour

(and this, it is needless to say, cannot concur with the

former) is what I have denominated the "
reversible

" or
"
reversion "

effect ;
and this I have found only in the

case of red,^ which, I may observe, is out and away the

most satisfactory colour to experiment upon. In these

cases, the effect of the reagents (but chiefly of the

acids) is to convert the red colour into a fine yellow
or orange, from which the original red can be com-

pletely recovered by appropriate means, as will be ex-

plained in due course : here, again, there is indubitably
a pigment in evidence. In some cases, however, where
there is neither solution nor any

" reversion" effects, but

yet a (sudden) change from the original colour, it is ex-

tremely perplexing to decide whether we have to do with
a pigmental or with a physical colour. Instances of this

will be found in the tables, among the greens {e.g.

Argyn?us and Thecla) and the blues {e.g. the Lycccnida).
In such cases I have not ventured to pronounce defi-

nitely in favour of either view, although it appears to

me that the evidence is strongly in favour of such colours

being simply physical.^ I do not think that there is the

least difficulty, theoretically, in supposing such reactions

to take place with mere physical colours ; since the wing-
surface, when soaked—even by an indifferent or neutral

fluid—might well be so affected, at least temporarily,
as to alter its reaction in the light rays, i.e. to alter the

resulting colour. In such cases, then, we have an element
of doubt to contend with.

Then, as to undoubtedly physical colours, there are
'

certain blues and greens which, when examined with the

naked eye even, can be seen to be, not a continuous

patch of colour, but a mass of— so to speak—distinct

dots. Speaking now on the strength of my experience
with such, I think I am justified in stating that these

may safely be pronounced off-hand, without experiment,
to be physical. When such colours are tested with the

reagents, they may either be entirely unaffected, or the

colour may disappear, but reappear (usually quickly) on

drying. It may prima Jacie be retorted, and not un-

reasonably, that these should be considered pigment
colours showing the reversion effect

;
but—as will be seen

after the reversion effect of red has been described—
there is really no similarity at all

;
and there can scarcely

be a doubt that these are merely physical colours.

Again, a brilliant metallic-looking colour may be

changed to a different colour, or sometimes to a dead
brown or blackish {^vide tables : green), and this effect

may be either temporary or permanent ;
and yet, from

the general appearance of the colour before and after the

experiment, one may feel thoroughly assured that it is

only a physical colour.^ And lastly, in such cases, a
brilliant blue, e.g., may be unaffected by most reagents

(or only temporarily so), whilst such a reagent as nitric

acid or potassic hydrate may permanently dull or destroy
the colour. This is perfectly intelligible, since in such
cases the powerful reagent has no doubt damaged the

surface structure. I have thought it only right and fair

thus to outline the data on which my conclusions con-

cerning the nature of these colours have been founded,

' One or two instances have recently been noticed of partial reversion of

a colour originally reddish-brown among the Bombyces. These seem to be

connecting-links between yellow and chestnut descended colours (see later).
^ Facts in support of this view will be quoted in their proper place. But

I may be allowed to say that one's judgment in such cases nnisthe /artialty
founded on observation of appearances and conditions that in their nature
do not admit of being described or formulated, but appeal to an observer

who has learnt by experience to interpret such indications. It will there-

fore be understood that, throughout this article, the actual evidence for my
conclusions is apt to be somewhat discounted when the attempt is made to

briefly convey it in words.
3 I ought to add that it is not always safe to assume, merely because the

reagent lias become coloured, that the surface colour under examination is a

pigment colour ; for some recent observations have led me to believe that

there may be an unapparent pigment present in wings whose surface is

physically coloured only.
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although feeling that it is very difficult indeed to convey,

merely by a brief verbal definition, the practical distinc-

tions that one has slowly learnt from experience to recog-
nize. We will now take each of the colours in detail,

although, after this general account of the behaviour of

physical colours, there is not much left to say of blue,
or even of green.

If now the tables of results be referred to, it will be seen

that I have arranged the blues in five different groups ;

but the differences between the first three—or probably
four—are so slight that they might almost as well be
thrown together. It is, however, somewhat convenient to

consider them apart. In the first group the blue is a

magnificent velvet blue, with a rich glow. Prima facie,
it is evidently a physical colour (as Wallace, e.g., had

pointed out years ago), and its behaviour when tested

with reagents leaves no doubt of this. Reagents either

are without effect, or cause a temporary dulling which

disappears on drying, or plainly and permanently injure the

wing, and destroy the beautiful glow or even the colour

entirely. In cases of merely temporary dulling, where
the full colour returns on drying, I believe that the effect

is due simply to the soaking of the wing, and that neutral

liquids would produce the same effect. The second

group, after the explanations I have already given and
the information that I have tabulated, requires very little

comment. The various reactions abundantly showed that

all these are simply physical (interference) colours. The
third group are hardly distinguishable from the second :

the behaviour of the blue on P. machaon when wetted with

a reagent and then dried, is an excellent example of such

physical colours as were referred to above. Now, con-

cerning the fourth group, which in all probability should be
considered as one with the three foregoing. I presume that

most people are familiar with our beautiful and common
Vanessa butterflies, the "

Peacock,"
"
Admiral," and

"
Tortoiseshell," and know that the borders of the wing

are marked in the two latter (as well as in the
" Camberwell

Beauty ") with spots of blue, while in the " Peacock "
there

are magnificent blue ocelli. The position of many of

these marks strongly reminded me of the special positions
of blue in various flowers ;^ and at the commencement of

my experiments I was in great hopes of discovering a blue

pigment in these Va7iessce ; but after repeated experiments
I was driven to conclude it almost certain that the blue
here is simply physical. Its reactions throughout indicate

as much ; since, on being treated with the reagents, it either

is wholly unaffected
;

or it disappears, but returns on

drying ;
or it pales to a sort of grey that resembles the

effect produced in the species of the third group ; or

lastly, it may in some cases disappear entirely, as I have

already pointed out that some physical colours may.
Finally, we have in the fifth group, containing the little

blue butterflies of the family Lyccenida:, the only instance

I have found of a blue not certainly physical, and even
here the evidence is, I think, in favour of a physical
colour. The question, however, is an unusually per-

plexing one
;
and for a long time I supposed that these

were pigment blues, but I am very doubtfLil about them
now, There is no solution, and I have no evidence of

any reversion effect ; the colour is changed certainly, and
it is rather significant that in several of the deeper
coloured species the artificial colour thus obtained is

nearly identical with the normal colour of P. corydon;
but such changes in no way preclude the colour being
physical. The fact, too, that in several instances the effect

was to produce a green or greenish tint now appears to

me very suspiciously indicative of a physical colour (cf.

Papilio polyctor-\VL group 2). I may add, too, that the re-

action of the green in the closely related "Hairstreak"

butterfly, Thecla ruin, which I think is in all probability

physical, must also be taken into account ;
for the reaction

' Vide, or instance, Grant Allen's " Colours of Flowers."
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in that instance is similar in general character to that of
these blues.

To sum up, then, the case for this last group of blues, it

seems to me that we cannot certainly conclude them to

be physical, but the evidence points very stongly to the
view that they are— like the other blues—physical and
not pigmental. Should this conclusion be correct, I

have as yet found no instance of pigmental blue am.ong
these Lepidoptera.
We will now pass on to green. It will be seen that in

the tables I have divided green into three groups ;
of

these, the first are unmistakable physical colours, exactly

analogous to the group of metallic blues, and it is there-

fore unnecessary to comment further on them. The
second group, though not metallic, are nevertheless, I

believe, also simple physical colours. Not only can I say
of them what was said of the blue Lyccenidcs

—that

there is not the slightest evidence for any pigment ; but I

may go further, and say that there is some evidence for

the green being physical. The striking characteristic of

this group is that every reagent instatitly turns the green
to a brown or bronze brown," which reaction might, as

far as it goes, equally betoken either a pigment colour of

the "
reversible

"
nature, or a mere physical colour. That

it is of the latter nature is indicated both by the fact that

I have observed, no true reversion effect (always defining
this reversion effect by the standard example of red),
and also since it is possible to produce a similar, though
only temporary, transformation by pure water or by
alcohol. This, I think, makes very strongly indeed for

the colour being simply physical, loth as I am to recog-
nize that the magnificent and interesting greens of such

species as the Argynnis fritillaries, and Thecla riibi a.xt.

unpigmental. Still, my final conclusion, after prolonged
and careful consideration, is that these colours are simply

physical.-

Coming now to the third group of greens, we have
here undoubtedly pigment colours, showing the solution

effect. There are various degrees of solubility among
them, and a varying sensitiveness to different reagents ;

but the summary, in brief, is that the green pigment is

dissolved out, leaving a white, i.e. unpigmented, wing.
Here, again, I need merely repeat what has already been
said of yellow, and will again be referred to, viz. that the

(green) pigment has been developed, not from a white

pigment, but in a white, i.e. unpigmented, wing. A further

question, however, arises—whether green has been directly
evolved as such, or is a second stage in the coloric evo-

lution. If the table be examined, it will be found that in

several cases the green has been transformed to yellow or

yellowish ; and this has occurred too commonly to be
otherwise than significant. I am therefore of opinion
that green has been evolved from yellow, and that the

production of yellow in these cases under the influence

of the reagents is a retrogressive metamorphosis compar-
able with the production of yellow from red. The evi-

dence admittedly is not anything like so conclusive or

copious for the inference of this derivation of green, and I

should, perhaps, hardly have advanced this view but for

the analogy to the standard behaviour of red. As it is,

however, it seems to me incumbent to hold—at least pro-

visionally
—^that these pigment greens have been evolved

from yellow.'^ It is, however, very evident—as will

appear froui the following discussion—that the respective
relations of green and red to yellow are very different

indeed, although there be a community of descent. It

may be well to point out also that these greens occur in

three very different groups of the Macro- Lepidoptera, viz.

in the Rhopalocera, the Noctuse, and the Geometras. The

apparent exception of Cidaria will be referred to later
;

it

'
It is especially interesting that in T. rubi this brown is the same as the

usual ground colour, constituting the greater part of the wing surface.
^ A discussion in somewhat greater detail of this group—indeed, of the

greens in general—will be found in the Entomologist for May 1891.
3 Cp. also Entomologist for May 1891.
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is just possible that in these species the green is

descended from, not yellow, but chestnut.

Quitting the greens,^ we now come to what is out and

away the most satisfactory and interesting colour that I

have studied—that is to say, red. Owing, however, to

the very intimate relations of this colour to yellow, it is

difficult to discuss them apart, and we will therefore take

yellow and red together. Referring, now, first of all to

the table of reds, what do we find as the general result ?

Omitting for the present (since they must be considered

later) the last four species, we find that in practically

every instance red is (rapidly or instafitly) changed by
acids - to some kind of yellow or orange ; or, to state it in

terms of the views that I have been led to adopt, red is

retrogressively modified into the yellow from which it

was originally evolved.^ Here, however, the change
stops; for, with the one striking and interesting excep-
tion of Delias (and perhaps one might add one or two of

the pale pinks occurring among the Sphinges), the yellow
thus produced is immovable. And since the species

experimented upon include all varieties of red, and repre-
sent all the groups of Macro- Lepidoptera, one might
apparently conclude that, although red is an exceedingly
sensitive colour, yellow can never be affected. Yet, if

the table of the normally yellow species be examined, it

will be found that, in an immense number of these, the

yellow is either partially or wholly dissolved by various

reagents, leaving a pure white wing. Here, therefore,
we find ourselves at once face to face with the problem
of the character of the yellow pigment, and to a con-
sideration of that we must turn before proceeding further
with red.

It will be observed that in this table of yellows I have
divided the species examined into four groups. Omitting
for the present the small second group, we may dis-

tinguish three stages, represented by the three groups i,

3, and 4.* This division has been adopted in order to

illustrate what seems to me the most feasible explana-
tion—at least for the present

—of the constitution and
behaviour of this yellow pigment. In the first group the

yellow is exceedingly soluble, and a colourless white wing
is the result. In the next stage (the third group) the

yellow is more or less affected—sometimes very little

moved, sometimes finely dissolved. In the last group
the yellow is wholly insoluble and entirely tcnaltered.

Also be it noted that in group i pale light yellows pre-
dominate, while in the last group the yellow is chiefly
orange. It is, further, clear from this that a complete
classification of all the yellows would include in this
fourth group all the yellows artificially produced by re-

acting on the reds. Now, the explanation which I have
adopted in order to cover all these facts is as follows.
It appears that the yellow pigment, when first

^
evolved,

is exceedingly sensitive and susceptible of evolution by
various reagents ;

in this stage, too, it is probably of a

comparatively pale or light yellow colour. In course of
time the yellow pigment may in various instances become
slightly altered in constitution (generally accompanied by
a change to a deeper or more orange tint), and altered in

the direction oigreater stability ; or rather, to confine our-
selves to the literal facts, altered to the extent of becom-
ing far less soluble. Of this intermediate stage we have
examples in group 3. Finally, in group 4 we have
examples of the last stage of evolution, when an—usually

I I have not thought it worth while to refer here to the pseudo-green of
Euchloa cardaminus : vide Entomologist i May 1891.

^
It is unnecessary here to regard the less marked and less interesting

alkaline reaction.
3 Some remarks on this subject will be found in the Entomologist, xxiii.

370-7r.
It is, of course, to be understood th.at, like all rigid divisions, this is to

some extent artificial. Evidently Nature knows nothing of three or four

sharply-circumscribed groups of yellow, but merely an indefinite series, of
which the first members would fall into my first group, and the last into my
fourth, and so on.

5 I speak, of course. In a phylogeneiic sense.

NO. I I 70, VOL. 45]

deep-coloured—insoluble yellow has been evolved. It

appears to me, therefore, that usually red is evolved only
after a long apprenticeship of yellow, and this is as much
as to say that as a rule the yellow has become stable and
insoluble before its evolution into red : this explains why
red can be converted into yellow, but usually no further.
On the other hand, the striking instances of Delias and
one or two pink species show that occasionally the deve-

lopment of red has been so rapid that the yellow had not

previously become stable.^ The very parallel examples
of Cardaminus edusa and Lycana phloias and virgaurea
should be compared with these.

There is, however, still in my mind an open point as

regards several of the yellow species in the last group ;
for

it is not clear by any means that we may not have in-

cluded here one or two physical yellows as well. We
know that the yellows of the first three groups are entirely
pigmental, for their solubility shows this

; and we know
that in the fourth group several species, such as Deiopeia
bella, C. hera lutescens, A. villica, are pigmented, since
their relations to red species which yield a similarly in-

soluble yellow proves this
; but in the case of, for instance,

r. pronuba (the
" Yellow Underwing") and its miniature

'

analogue Heliaca, we are totally in the dark; and it appears
safer to me to withhold for the present any opinion as to

whether these be physical or pigmental yellows. Were
there any red underwing in the same genus as either of

these, that would be sufficient to justify us, by analogy,
in considering the yellow of these species pigmental, just
as we do that of, e.g., Arctia -.'illica; but failing such evi-

dence, the experimental evidence is not decisive in either
direction.'- There is, however, a most remarkable and
exceptional set of phenomena connected with these yellows
that I once thought might prove the criterion by which
to distinguish between pigmental and possibly physical yel-
lows in doubtful cases such as that of T. pronuba. Some
time ago it was incidentally observed by Mr. Edwards
that the wing of a species of Colzas left in a damp cyanide
bottle ivas turned red. This statement was brought under
my notice by Mr. T. D. A. Cockerell, first of all in the
columns of the Entomologist, and later in a private com-
munication. I must frankly admit that for a long time I

remained entirely incredulous of this alleged fact, since it

was utterly opposed to all my own experience. I had
observed nothing but r^//-c_^^v,yi'/?7^ modifications of colour,
whether by solution or simple change, and had found

potassic cyanide (in solution) to rapidly dissolve the

yellow of Colias, leaving a simple white wing : it was
therefore very difficult to credit such a statement.

I will not trouble the readers of Nature with any de-
tailed account of my experiments'^ in this direction, made J
with the purpose of verifying

—or otherwise—the correct-
^j

ness of Mr. Edwards's statement
;
but will simply say that

I finally succeeded (owing really to a lucky accident) in

verifying this. A yellow wing of Colias placed on
w^/ cyanide is turned red, in spite of the solvent action
of the cyanide : such an effect could never be attained

by using a cyanide solution, because all the yellow
would be dissolved out of the wing in a very short
time

; it is therefore necessary to hit the happy medium
between dry cyanide and solution : as it is, a good deal of

the yellow always goes into solution, but sufficient is left

in the wing to be reddened. I have not stopped, how-

ever, at Colias, but have examined a number of other

yellow species, with the result that I find many yellows
become changed by this method to a really brilliant red

1 See a full discussion in the Entomologist for January last.
2 It is, however, to be noted that in one case I found the yellow of T.

pronuba very faded ; but I do not care to contend for a pigment on the

strength of this alone.
3 An account of these will be found in the Entomologist for July 1891.

I hope that I have made it sufficiently clear that I have no shadow of a
claim to any credit in discovering this extraordinary phenomen n. Most
certainly I should not have found it out in the course of my own experiments,
or even afterwards but for Mr. Cockerell's insistence on the accuracy of his
statement.
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—which red seems indefinitely permanent if the wing be
removed and dried. It will be seen that, in the table of

yellows, several species are marked as showing the
"
cyanide effect"

;
whilst others are marked "no cyanide

effect." The former are those in which I have succeeded in

obtaining the reddening ;

^ the latter will not redden. Now,
since the former are all known to be pigmental yellows,
whilst one of the latter, viz. T. pronuba, is the doubtful

case, it seemed probable that this cyanide reaction might
take place always and only with pigments, and thus afford

the desired criterion. But in extending my experiments
this hope proved fallacious, for I found—as is noted in the

table—that various pigment yellows gave no reaction : the

typical case on which I relied was C. hera liitescens : had
this yellow, which is assuredly pigmental, although quite

insoluble, been reddened, I should have felt justified in

accepting the criterion. But not the slightest reaction

took place with this species. I must not linger longer on
this certainly fascinating subject : it is clearly one that

requires thoroughly working out, and my investigations

thereupon, are being carried on in several directions
;
but

I may point out the great interest attaching to a reaction

by which we can produce a coloric change practically
identical (at least in its effects) with that which progres-
sive evolution has produced in many species formerly
yellow but now red.

Before, however, quitting yellow, there are one or two

points yet that need explanation. In group 2 in the

table, I have included two species showing a rich orange
colour: this, though clearly marking a considerable pro-

gress in coloric evolution from the presumably primaeval

pale yellow, is yet exceedingly soluble: these instances,
which, therefore, are very comparable with the red of

Deltas, are another proof that advance in depth and
richness of colour is not necessarily always accompanied
by decreasing solubility. I may add that I do not regard
the orange of these two species as being in the direct

line of evolution from yellow to red, but rather as a col-

lateral or branch line also springing from yellow.- It

is specially interesting that in this circumstance, as also

in so many others, there is an exact parallel among the
chestnuts.

And lastly, among the phenomena of yellow, we have
to deal with the reaction of Argia galathea, already
referred to

;
a reaction in which, contrary to all other

experience, a white wing is changed to yellow by various

reagents. It is very evident that, since I deny the exist-

ence of any pigment in white wings, and assert the

yellow to have been developed in a previously unpig-
mented wing, and not by evolution from a white pigment,
it is all-important for me to clear up this matter. My
explanation, which has been given in some detail in the

Entomologist (xxiii., pp. 341-43), is— to be as brief as pos-
sible—the following. It is, of course, well known that the

pigments of both animals and plants are decomposition
products of the protoplasm, whether produced directly

by decomposition of the protoplasmic molecule, or in-

directly by union of two or more decomposition products.

Now, I take it that in this species
—A. galathea—the

metabolic processes have not yet produced any pig-

ment, but very nearly so ; that there exists in the wing a

very unstable mother-substance (itself a decomposition
product, whether produced immediately from the proto-
plasmic molecule, or indirectly from a molecule of inter-

mediate complexity) ; and that the action of any powerful

reagent is to decompose this, forming the yellow pig-
ment

; which pigment, as soon as formed, commences to
1

dissolve in the reagent, as so many normal yellows do.^

I I have also obtained it with Loxtira atyiiinns. It is very significant that

J have in n > case obtained it among the Heterocera (moths), but only among
the Rhopalocera. Cp. infra, en chestnut.

^
It is very interesting that the orange of G. cleopatra first of all is

changed to the ground yellow, and then dissolved.
3 1 may p int out that in the female of A. galathea there is already a

cream tint in the wings.
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This view, although at present necessarily somewhat

hypothetical, appears to me to offer a satisfactory

explanation of the apparently anomalous behaviour of

galathea. F. H. PERRY COSTE.

( To be continued^

NOTES.
Mr. Alfred Russel Wallace and Mr. Edward

Whymper are to receive the Royal Medals cf the Royal Geo-

graphical Society at its annual meeting on May 23 next. The

annual dinner of the Society will be held on the evening of that

day after the annual meeting. The annual conversazione will

take place about the middle of June in the South Kensington
Museum.

Mr. Charles Hose, Resident on the Baram River, in the

Rajahship of Sarawak, has recently explored that river to its

sources, and ascended Mount Dulit, one of the summits of the

main range which traverses this part of Borneo, to a height of

5000 feet. His zoological collections, which have been for-

warded to the British Museum, contain many fine novelties.

Among the mammals, which were described by Mr. Oldfield

Thomas at the last meeting of the Zoological Society, are re-

presentatives of a new Carnivore of the genus Hcmigale, two

new Insectivoresof the genus Ttipaia, and a new Squirrel. The

birds, which are being worked out by Dr. Bowdler Sharpe for

The Ibis, likewise contain several remarkable new forms, amongst
which is a new species of the restricted Eurylsemine genus

Calypicmena, intermediate in size between C. viridis and the

la'ge C. whiteheadi of Mount Kina-balu. Mr. Hose is a

nephew of Dr. G. F. Hose, the Bishop of Singapore and

Labuan.

Among the names attached to the recent protest of members

of the corporation and teaching staff of University College,

London, against the Gresham Charter, we notice the following

representatives of science and Fellows of the Royal Society :
—

Sir F. Abel, Prof. I. H. Balfour, Sir Henry Bessemer, H. S.

Caxter, Sir J. N. Douglass, W. T. Thiselton-Dyer, Prof. W. H.

Flower, Prof. E. Frankland, Dr. George Harley, R. B. Hayward,
II. Hudleston, Prof. T. H. Huxley, Prof. E. Ray Lankester,

Prof. Norman Lockyer, Prof. O. J. Lodge, Sir John Lubbock,

Prof. D. Oliver, Prof. J. Prestwich, Prof. G. J. Romanes, Sir

Henry Roscoe, Prof. Burdon Sanderson, J. Wilson Swan, Prof.

Sylvester, E. B. Tylor, and Prof. VV. F. R. Weldon. The

protest contained equally influential names in the fields of

literature, art, and politics ;
thus forming a document having

no small weight in the final decision of the Government regard-

ing this futile attempt to solve the problem of a Metropolitan

University.

We regret to have to record the death of Sir William Bow-

man, F. R. S., the eminent ophthalmic surgeon. He died of

pneumonia at Joldwynds, his house near Dorking, on Tuesday
last. He was born on July 20, 1816. In 1840 he was elected

assistant surgeon at King's College Hospital, where he after-

wards became full surgeon. He was also for a time assistant

surgeon, and then full surgeon, at the Royal London Ophthal-

mic Hospital. He acted as the first president of the Ophthal-

mological Society of Great Britain, which he helped to found ;

and in 1884 he was created a baronet in recognition of his pro-

fessional eminence. Sir William was a master of the various

methods of ophthalmic surgery, and did much to improve them

and to place them on a sound scientific basis. He held a lead-

ing place among those who made accessible to English students

the knowledge obtained by the invention of the ophthalmoscope ;

and to him belongs the honour of having overcome the hostility
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with which Von Graefe's operation of iridectomy for the cure

of glaucoma was received by some authorities in this country.

He also devoted much attention to the treatment of obstructions

of the tear passages, and to improvements in the operation for

cataract. His microscopic work, so early as 1840, was recog-

nized as work of high value. He was elected a Fellow of the

Royal Society in 1841, and received one of the Royal Medals

in 1842. He was a member of many other scientific Societies

both at home and abroad, and honorary degrees were conferred

upon him by the Universities of Cambridge, Dublin, and

Edinburgh.

Dr. R. Thorne Thorne, F.R. S., will succeed Dr. George

Buchanan, F.R.S., as medical adviser to the Local Government

Board.

Prof. Lodge has, with the approval of the Senate, appointed
to the demonstratorship in electrotechnics at University

College, Liverpool, Mr. Francis Gibson Baily, late Scholar of

St. John's College, Cambridge. Mr. Baily took first-class

honours in the Natural Science Tripos, and is now in the

employ of Messrs. Siemens Bros, and Co.

The Revue Scientifiqiie notes that at Kieff there is a chemist

who is nearly as old as the late M. Chevreul was at the time of

his death. This is Prof. Ignace Vonberg, who was born at

Vilna on January 17, 1791. He was one of the last Professors

of Chemistry at the old University of his native place, and after-

wards held, until 1866, a similar position at the University of

Kieff. He is said to enjoy excellent health.

It has been decided, according to Norwegian newspapers,
that Dr. Nansen's North Pole Expedition shall start on January

I, 1893. He has selected as members of the Expedition a

young officer in the Royal Norwegian Navy, Herr Sigurd
Scott- Hansen, who will make the astronomical observations,

an experienced Arctic navigator. Captain J. Ingebrigtsen, from

Tromso, and Herr Sverdrup, by whom Dr. Nansen was accom-

panied in his journey across Greenland.

Everyone who occasionally visits the Zoological Gardens

was sorry to hear of the death of the giraffe. Since May 24,

1836, the Gardens have never until now been without one of

these interesting animals. Dr. P. L. Sclater, writing to the

Times on the subject, says that during the past fifty- five years
there have been in the Gardens thirty giraffes, of which seven-

teen have been bred and reared there. A male born on April

22, 1846, lived in the Gardens nearly twenty-one years. These
facts prove, as Dr. Sclater says, that this animal (one of the

most extraordinary forms among recent mammals) is quite fitted

for captivity, and is well worthy of the expense and trouble in-

curred in its keep. The closure of the Soudan by the Mahdists

has prevented the importation of giraffes for some years, and
for the only individual now in the market (an old female) a

prohibitive price is asked. The Zoological Society hope that

the need may be supplied by some of their friends and corre-

spondents in Eastern or Southern Africa.

Dr. B. W. Richardson will deliver at the Royal Institution

his Friday evening discourse on " The Physiology of Dreams " on

April 29, in place of Dr. William Huggins, who will give his

lecture on " The New Star in Auriga" on May 13.

Prof. W. G. Owens writes to us from Bucknell University,

Lewisburg, Pa., U.S., that on March 15, at 2 o'clock p.m., a

series of halos and parhelia appeared and increased in brilliancy
until 4 o'clock, after which they faded gradually till sunset.

The circles, arcs, and spots around the sun were highly

coloured, sometimes showing almost the entire spectrum.

The Report of the Meteorological Council for the year

ending March 31, 1891, has recently been issued. The follow-
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ing changes relating to organization were under consideration

during the year : (i) the purchase of a new house near

Cahirciveen, to which it is proposed to move the Observatory
from the island of Valentia, the former place being more
suitable for observations ; (2) the registration of the Council as

a corporate body, under section 23 of the Companies' Act,

1867 ; (3) examination of clerks, keeping as far as practicable to

the system followed in the Civil Service. The practice followed

by the Office with reference to observers at sea remains un-

changed. The number of voyages for which logs have been

returned during the year was 156 ; instruments have also been

supplied to various islands in the Pacific, &c. In the weather

forecasting branch, a comparison of the forecasts issued at 8.30

p.m. during the year with the weather actually experienced,
shows that the total percentage of success was 82. The results

were best, 88 per cent., for the south of England, and worst, 77

per cent., for the south of Ireland. The hay harvest forecasts

were very successful ; as much as 95 per cent, of success was

attained in some parts. To add to the means of obtaining

warnings of stormy weather at exposed fishery [stations, the

useful practice of lending trustworthy barometers, adopted by
Admiral FitzRoy, has been continued ; the number of stations

now supplied is 180. The subject of cloud photography has

continued to receive attention, and the system of observation

and reduction has been improved, so that there is reason to

expect that satisfactory determinations both of the heights and

the velocities of the various clouds will be made. The Council

have requested Mr. W. H. Dines to carry out a series of experi-

ments at Oxshott for the purpose of comparing the action of

various forms of anemometers, as well as experiments on the

resistances of curved plates and vanes. The work is nearly

finished, and the results will be published.

The Detitsches meteorologisches yahrbuch, Bavaria, 1891,

Heft 3, contains twelve cloud pictures, reproduced from photo-

graphs supplied by Hildebrandsson, Riggenbach, and others.

These photographs have been collected by Dr. Singer, of

Munich, who submitted some of them to the International

Meteorological Conference held there last autumn, where the

importance of the artistic representation of clouds was discussed.

The Cloud Atlas, published at Hamburg in 1890, was recog-
nized by a large majority as the first satisfactory attempt to

obtain uniformity in cloud nomenclature ; but a Committee was
framed to further consider the future production of pictures in

a cheap form, according to the types approved by the Con-

ference, and Dr. Singer was asked to join that Committee.

The pictures now in question may be considered as his con-

tribution to the subject. The forms are well defined ; the

names proposed differ materially from the classification by
Luke Howard, hitherto generally in use, more attention being

paid to the average heights of the various types. There are,

however, still distinct variations of cloud frequently seen, which

are not represented in Dr. Singer's collection, and his system
of classification, notwithstanding its merits, has defects which

must, sooner or later, be dealt with.

The Times of March 24 printed the following communication
from a correspondent :

—Under the direction of the Austrian

Government an interesting series of deep-sea explorations has

been conducted recently in the eastern parts of the Mediter-

ranean, by a scientific party on board the Tola. At one point,
about 50 nautical miles south-west from Cape Matapan, the

Pola found a depth of 4400 metres (2406 fathoms), followed

within a few miles further east by a depth of 4080 metres (2236

fathoms), which are the greatest depths recorded in the Mediter-

ranean. They have received from the Austrian Hydrographical
Board the name of Pola Deep. The great depression of the

Mediterranean must thus be shifted considerably east from its

former central position on the maps. Another deep area was
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explored between Candia and Alexandria—the depths attaining

from 3310 metres (i8io fathoms) some twenty miles south-east of

Grandes Bay, and from 2392 metres (1208 fathoms) to 2120 metres

(1322 fathoms) within a short distance from Alexandria; the

maximum depth sounded being 3068 metres (1678 fathoms) in

28° 39' 30" north latitude, and 33° 19' 54" east longitude. The

highest temperature was found during the first part of the

voyage, at depths of i to 50 metres, the highest being 80° '8

Fahrenheit at I metre ; the lowest temperature, 52^°, was

observed at the issue from the Adriatic Sea, at a depth of

760 metres. In explorations conducted some two years ago in

the Central Mediterranean, it was observed that the density of

the water and its saturation with salt increased with depth, and

the same was noticed in the western part of this year's cruise.

But in the Eastern Mediterranean the density of water varies but

very little in the different strata, and it is higher on the whole

than in the west. The transparency of the water is very great
in the Eastern Mediterranean. Altogether the Pola made no

fewer than 50 deep-sea soundings, 27 of which touched depths
of more than 1000 metres.

At a meeting of the Royal Geographical Society on Monday
a paper describing a recent journey to the head waters of the

Ecayali, Central Peru, by Mr. Alexander Ross, was read by Sir

Alfred Blunt. The journey was undertaken by desire of the

Peruvian Corporation. Mr. Ross was accompanied by Mr.
Arthur Sinclair, who, like himself, had spent many years plant-

ing in Ceylon ; and, for research in economic botany, by Mr. P.

D. G. Clark, assistant at the Royal Botanic Gardens, Peradeniya,
near Kandy, Ceylon. Their travels lasted five months, and
were confined to the central portions of the interior. Mr. Ross
said that not much of the Sierra visited by them was suited to

modern systems of tillage. But in the Montaila there were vast

areas at suitable altitudes well adapted for settlement by Euro-

pean immigrants. In the lower parts of the Amazon basin, in

a climate more or less unsuited to white labour, immense tracts

awaited only the introduction of Chinese or the Indian coolie

to turn what was now a magnificent forest wilderness into a rich

and thriving province. The Central Railway would have been

completed to Oroya in June next, and the Chanchamayo road

would be opened soon thereafter. In continuation of these, and
to connect them with the navigable waters of the Amazon, the

survey of a railway line had already been ordered. The immense
influence these would have upon the future of Peru and its pro-

gress would then become apparent. At present, to those who
had not seen that country's varied and unlimited mineral re-

sources, its grand forests, its rich soil and splendid rivers, a full

realization of the future of Peru was impossible.

At a meeting of the Royal Botanic Society on Saturday last,

the Secretary, in calling attention to the various examples of

azaleas in flower from the Society's Gardens shown at the meet-

ing, remarked upon the many intermediate forms represented
between the single and so-called double varieties. In some the

stamens were only beginning to assume a flattened shape, the

anthers still remaining at the top ; in others, again, following
the usual course of formation of double flowers—namely, by
alteration of parts instead of adding to their number, the whole
of the internal organs had become changed into petals, depriving
the plant of all opportunity of reproducing itself by seed.

There is some difference of opinion in America on the ques-
tion whether the method of execution by electricity ought to

be maintained. The American journal Electricity maintains

strongly that it should. The newspaper reports as to the elec-

trical executions which have already taken place go to show, it

contends, that death has been almost instantaneous in every case.

While this has been disputed by a few witnesses, almost all have

conceded that loss of consciousness has followed immediately on
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the application of the current.
" The muscular action which

has been noticed cannot for a moment," says Electricity,
" be

attributed to any consciousness on the part of the criminal.

It is purely a reflex nervous action which can be reproduced by

applying a current to the nerves of an animal which has been

dead for some time ;
in fact, a most vigorous muscular action

can be set up in a dead body in this way. That the victim,

however, is alive, or that he suffers pain in any degree, is not

for a moment to be considered."

The new number of the Economic Journal contains, among
other things, the Rev. Prof. W. Cunningham's inaugural lecture

delivered at King's College, London. It is on the relativity of

economic doctrine, and is conceived in a thoroughly scientific

spirit. In the course of his argument. Prof. Cunningham urges

that the results of economic investigation are relative in a way
in which the results of physical investigation are not. The

physicist announces principles which hold good, without sub-

stantial modification, for the whole period of human existence

on the globe ; whereas there are areas, and probably periods of

human existence, to which the very simplest economic principles

are hardly applicable, since there are tribes which seem to be

destitute of ideas of exchange. The movement of the earth,

the principle of gravitation, are entirely independent of human

existence and unmodified by its changes. Economic principles,

on the other hand, are statements about human nature in some

of its aspects ;
and the alterations in the human race, their

habits and practices, cannot be left out of account, more espe-

cially as the economic side of life occupies a very different im-

portance at different stages of human progress. In consequence

of this distinction between economical and physical investiga-

tion, results that may be used as the bases of practical ap-

plications cannot be as readily obtained in economics as in

physics. The art of navigation follows very closely on the

observations and principles expounded by the astronomer, but

there is need of much correction and allowance before the prin-

ciples of the economist can be applied by the statesman to steer

his course in regard to the details of any great social measure.

Prof. G. H. Williams, in an interesting paper printed in the

latest of the "Johns Hopkins University Circulars," speaks of

the important part played in the growth of geological opinion by
those regions which happen to be near great Universities. Such

districts, as he says, were naturally earliest and most thoroughly

studied, and have therefore become classical for all subsequent

comparison. He especially mentions the mining districts of

Freiburg and Clausthal, the volcanic regions of Edinburgh and

Bonn, and the Tertiary basins of Paris and Vienna, These have

become, once for all, the type-localities for the geological forma-

tions which surround them. Such masters as Werner, Hutton,

von Dechen, Cuvier, and Suess, have worked there, erecting

monuments to themselves in the regions which they have inter-

preted. Prof. Williams's practical conclusion is that Maryland,

which, from a geological point of view, is full of interest, ought

to be thoroughly investigated by geologists connected with the

Johns Hopkins University.

The Council of the Mason Science College, Birmingham,

append to their report for the year ended February 23, 1892,

some interesting extracts from a report by the Principal on the

educational work of the College. From these we are glad to

learn that the year, although marked by no new and striking

developments of the College work, was throughout a year of

continued prosperity, both in regard to the number of systematic

students attending the College classes and the excellence of the

work done, as testified by the honours won at various Uni-

versity examinations. There was a decrease in the number

of students attending the departments of^zoology, botany,
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metallurgy, and engineering, but a large increase in connection
with the departments of modern languages, geology, chemistry,
physics, and physiology.

The Rugby School Natural History Society has now been at
work for twenty-five years, and its report for the year 1891
shows that it is still full of vigorous life. The geological
section, which lapsed ten years ago, has made a fresh start, and
the meteorological, the architectural, and the photographic
sections are stated to be "in a flourishing condition." The
editors have added to the report an index of all the papers and
records which have been published by the Society from the

beginning.

With regard to the influence of electricity on the growth of

plants, a series of experiments made by Prof. Aloi on Lactiica

Scariola, maize, wheat, tobacco, and beans, indicate that atmo-

spheric electricity exercises a beneficial influence on vegetation ;

that the electricity of the soil has a similar influence on the

germination of seeds
; and that the less luxuriant vegetation of

plants which grow in the neighbourhood of trees is in great part
due to the diminution of temperature.

The effects of earthquakes on vegetation have been investigated
by Signor A. Goiran, in the case of the seismic disturbances which
occurred last June throughout Northern Italy, He found in

this instance the uniform result to be to induce a more rapid
germination of seeds, and a more rapid growth of the young
plants, giving rise to a more luxuriant vegetation in the pastures,
arable lands, vineyards, and shrubberies, accompanied by an

unusually deep green colour of the leaves. These results he
believes to be due, not to the direct influence of the tremor, but
to three secondary causes, viz. (i) an increased production of
carbon dioxide ; (2) a diff'usion of nutrient fluids through the

soil, acting as a kind of natural manuring ; (3) an increased

production of electricity. In other instances earthquakes have

apparently had an unfavourable influence on vegetation ; but
this Signor Goiran believes to be due to their having been
associated with a long period of drought.

Ok the recently published Indian Museum Notes one of
the most interesting papers is on the wild silk insects of India;
It is by Mr. E. C, Cotes, and is intended to serve as a supple-
ment to a previous paper on cultivated silk-producing insects,

A small amount of silk is spun by the caterpillars of most moths.
The only groups, however, which contain species whose silk is

at all suited for utilization are the Salurniidns and the Bomby-
cidas, and the whole of the Indian species belonging to these

groups, therefore, have been included in the present report,

though many of them do not produce sufficient silk to be of any
use. So much, however, has of late years been said about the
wild silk insects of India, and such exaggerated opinions have
been expressed as to their value, that it has been thought best
to deal exhaustively with the matter, so as to clear the ground
and show precisely how the question really stands.

The Royal Agricultural and Commercial Society of British

Guiana has been discussing the question whether an Agricultural

College should not be established in the colony. At a recent

meeting Mr. Jacob Conrad brought forward a motion to the
efi"ect that a Committee should be appointed to petition the
Government on the subject. He failed, however, to obtain the

support of a majority. Mr. Darnell Davis thought it desirable
that the question should be discussed, but could not see how
anything practical would come out of it unless some kind phil-

anthropist found the money. Agricultural Colleges were very
expensive, and he did not think the Government could be asked
to do anything, as it would mean the imposition of additional

taxes. He thought that every sugar plantation in the colony
was really an agricultural school.
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Mrs. Zelia Nuttall contributes to the new number of the
Internationales Archiv fiir Ethnographie a learned and in-

teresting paper on ancient Mexican shields. She divides them
into the following groups:— (i) Plain, unadorned war-shields
of several kinds, used by the common soldiery. (2) Gala-shields,

indicating the military rank and achievements of chiefs. These
seem to have been indiscriminately used in warfare or feasts and
dances. Their general structure seems to have been alike in

either case, though they may have been more or less light and
strong. Shields of this category sometimes reproduced one or
more features of the military costume, body-painting, and
adornments pertaining to each grade. (3) Shields, presumably of
the supreme war-chief, exhibiting in picture-writing the name
of his people or his personal appellation. Nothing certain is

known about this group, but its existence seems vouched for by
a series of indications. (4) Shields pictured in the codices with
deities only, exhibiting their emblematic devices or reproducing
features of their symbolic attire. Such shields seem to have
been carried, in religious dances and 'festivals, by the living

images of the deities in whose honour they were celebrated.

(5) Shields of most precious materials, with strange and elabo-

rate designs, described in the inventories. As they are not

mentioned elsesvhere, it is not possible to state anything de-
finite about them, but it is obvious that they were intended for

the use of individuals of supreme rank. The beautiful shield

preserved at Castle Ambras, near Innsbruck, belongs to this

group. It is the only known specimen with a valid, though
shadowy, right to the title of "Montezuma's shield."

According to Mr. A. Sidney Ollift", who writes on the sub-

ject in the Agricultural Gazette of Nnv South Wales, the

"metropolis" of the plague locust of New South Wales is in

the western district, especially in the great plains between the

Lachlan and the Darling Rivers. The breeding-grounds of

locusts in Australia are as extensive as those of the Rocky
Mountain locust, and are found in similar situations. The eggs
are deposited in vast quantities in the earth, close beside one

another, frequently over a large tract of country. Usually these

breeding-grounds occur in sandy soils or in high dry places,
but occasionally they may be found on the banks of a creek.

At the end of September last, during a hurried visit to Ren-

mark, in South Australia, Mr. Olliff found the bare sandy
banks of a small creek riddled with small holes from which the

newly-hatched locusts had but just escaped. Swarms of young
locusts had previously been observed by him near Wentworth,
making their way from the bare places in which they were
hatched to the richer pasturage. The U.S. Entomological
Commission has carefully investigated the various ways in

which these pests can be most effectually dealt with ; and a

condensed account of the results is presented by Mr. Olliff for

the benefit of Australian farmers.

The Marine Biological Association, Plymouth, has issued a

new price-list of zoological specimens. This cancels the pre-
vious list. The specimens are suitable for class or laboratory

examination, and for museum purposes. They are kept in

stock at the Plymouth Laboratory, and are to be obtained on

application to the director.

The following arrangements have been made for science

lectures at the Royal Victoria Hall during April :
—

April 5,

Henry M. Bernard, on "Life in Russia"; April 12, A. H.

Fison, on " The Compass Needle"; April 26, Captain Charles

Reade, on " The British Navy,"

Messrs. Mac.millan and Co. have issued the sixth edition

of Sir Henry E. Roscoe's well-known " Lessons in Elementary
Chemistry." The fifth edition, which has been repeatedly re-

printed with slight corrections, was published in 1886. The
author has tried to introduce into the present edition all the
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more important discoveries of the last six years, and to make

such general improvements as he has thought likely to be of

benefit to his readers.

The April number of Nahiral Science, the new monthly re-

view of scientific progress, has articles on factors in the evolu-

tion of the Mammalia, by Prof. C. Lloyd Morgan ; some salient

points in the study of mammals during 1891, by R. Lydekker ;

the physical features and geology of Borneo, by F. H. Hatch
j

great lakes, by Clement Reid ; life-zones in Lower Palaeozoic

rocks, by J. E. Marr, F. R. S. ; and a new group of flowering

plants, by A. B. Rendle.

Messrs. Kegan Paul, Trench, Trubner, and Co.

have issued a second edition of Mr. B. H. Chamberlain's

"Things Japanese." The work consists of a number of in-

dependent articles, arranged alphabetically, and giving an

account of the Japanese people, their country, their ideas, and

their industries. It has been enlarged by the insertion of over

twenty new articles, while the old have been corrected up to

date, and re-written in many parts. The style is compact, fresh,

and lucid, and at the end of the more important articles the

author gives a list of books in which further information may be

obtained. Several subjects have been intrusted to specialists.

Prof. Milne contributes the article on "Geology," and Mr.

Mason those on "
Telegraphs,"

"
Chess," and the game of "Go."

The "School Calendar" for 1892 has been published, this

being the fifth year of issue. Mr. F. Storr, referring in the

preface to the movement for the registration of teachers, notes

that head masters who have hitherto ignored or sneered at the

teaching diplomas of the University of Cambridge are beginning

to send up their assistants for the examinations of the Syndicate,

or even to enter themselves.

The new number of I.^Anthropologie (tome iii., No. i)

opens with an interesting paper on A. de Quatrefages, by Emile

Cartailhac. The paper is followed by a useful list of the prin-

cipal publications by M. de Quatrefages. M. Marcellin Boule

contributes some excellent notes on the formation of fossiliferous

deposits in caves. There are also papers on the tumulus-dolmen

of Marque-Dessus (commune d'Azereix, Hautes-Pyrenees), by
General Pothier ; on the respective association of anthropo-

logical characters, by Dr. R. Collignon ; and on the ethno-

logical position of the peoples of Ferghanah, by Paul Gault.

The U.S. Geological Survey has lately issued a number of

important papers in its series of Bulletins. One of them (No.

69) contains a classed and annotated bibliography of fossil

insects; another (No. 71), an index to the known fossil insects

of the world, including Myriapods and Arachnids. No. 72

gives the altitudes between Lake Superior and the Rocky
Mountains ; No. 74, the minerals of North Carolina ; No. 75,

a record of North American geology for 1887 to 1889 inclusive ;

No. 79, an account of a late volcanic eruption in Northern

Carolina, and its peculiar lava. No, 76 is the second edition of

a dictionary of altitudes in the United States.

We have received Parts 41 and 42 of Cassell's
" New Popu-

lar Educator." Both, like the previous parts, are carefully

illustrated. In addition to the cuts introduced into the text,

Part 41 has a coloured picture of " the Spectre of the Brocken,"
and Part 42 a coloured map of the Balkan Peninsula.

The Hunterian Oration, delivered by Dr. J. Hutchinson,

F.R.S., in the theatre of the Royal College of Surgeons on

February 14 last, has now been published by Messrs. J. and A.

Churchill.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey (Macacus cynomolgtis i )

from India, presented by Mr. F. D. Lyon ;
a Rhesus Monkey
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{Macacus rhesus ? )
from India, presented by Mr. J. G. Wythe ;

a Brush Bronze-winged Pigeon {Fhaps elegans ? )
from Australia,

presented by Mr. H. H. Sharland, F.Z. S.
; two Red Kangaroos

{MacropHs rufus ? ? ) from Australia, deposited ;
two Great

American Egrets {Ardea egreita), two Snowy Egrets {Ardea

candidissima) from America, two Buff-backed Egrets {Ardea

rtissata), European, purchased; an Eland (Oreas canna S)^

born in the Gardens.

OUR ASTRONOMICAL COLUMN.
The Planet Jupiter.

—During the last year or so the planet

Jupiter has been the subject of many observations both at home
and abroad. The curious markings that become visible from
time to time have been very carefully watched, and the changes
which they have been seen to undergo likewise recorded. Those
who take a special interest in these observations will find in

VAstronomie, under the title of "Recent Discoveries on

Jupiter," a most excellent article written by M. Camille

Flammarion. The author, after giving a description of the

general state of the planet that can be gathered from a telescopic
and spectroscopic survey of his surface, adds a resume oi the im-

portant observations made by M. Terby, at Louvain, which were

originally addressed to the Belgian Academy. Many very

important facts relating to the positions which the dark and

light spots take up are here collated, and the numerous illustra-

tions impress one strongly with the vastness and rapidity of the

changes that are continually in progress.

Astronomy and Astro- Physics for March contains also some
notes on this planet, communicated by Mr. H. C. Wilson, of

the Goodsell Observatory, who, armed with a 16-inch equatorial

during the winter of 1891, completed many sketches, some of

which are here exhibited. These observations seem to indicate

that as the dark belt approached the great red spot which is

situated just north of it, the latter appeared to force it to one

side,
" there being always a very narrow line of white between

the belt and spot." This fact seems to show that, whatever
the spot may be composed of, it has the power of dissipating
the clouds in close proximity to it.

The Objective Prism.—Prof. Pickering, in the March
number of Astronomy and Astro- Physics, communicates a very

interesting article relative to the method of photographing the

spectra ot the stars with an objective prism. As an account of

this method has already been described in these columns in the

review of the catalogue published under the name of " The

Draper Catalogue," it is unnecessary for us to enter into the

details again. At the latter end of the article he mentions also

that
" a still further advance will be made with the great photo-

graphic telescope, the gift of Miss C. W. Bruce." This instru-

ment is stated to be similar to the " Bache telescope," but

three times as large, having an aperture of 24 inches. The

spectra of stars down to the loth and nth magnitude are expected
to be obtained with it. The engraving which accompanies the

text illustrates the method of attaching the large prism to the

object-glass end of the telescope.

Variation of Latitude.—Dr. B. A. Gould, in the

Astronomical "Journal, No. 257, presents us with some of the

work which he has been undertaking with regard to the periodic
variation of the latitude at Cordoba, from observations made
with the meridian circle. The results obtained by Dr. Chandler
showed that by assuming a period of fourteen months, the

variations in the latitude, determined between the years i860
and 1875, could be accounted for. Dr. Gould thought
that the same period might be found to satisfy the Cordoba

observations, and the computations that he has made form the

subject of the present inquiry. Owing to the fact that this num-
ber of the Journal does not contain the whole of the work (the
latter part of which will be concluded in the next one), we are

not able to give the results which he has obtained, but we can
mention a point that seems of importance, and which tends to

corroborate Dr. Chandler's results.

In a table showing the mean excess of the calculated, above
the observed, declinations, the author remarks that "

there are

two facts which attract attention : first that the times of maxima
and minima of the curve are approximately coincident with

those deduced by Dr. Chandler from contemporaneous obser-

vations in other places ; and, secondly, that the corresponding
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periodical fluctuations of the curve are markedly inferior to other

andlargervariationsupon which they appear superposed. . .The
range included between these extremes amounts to two seconds,
and is altogether too large to be attributed either to personal

equation or to any instrumental origin."

The Discovery of Neptune.—During a visit to England,
in 1876, Prof. Holden was frequently with Mr. Lassell, and he
then learned a circumstance connected with the discovery of

Neptune which is not without interest. Now that Adams and
Lassell are both gone, Prof. Holden has published the brief

notes he made at the time, as a contribution to the history of

the great discovery. It is well known that, in October 1845,
Adams submitted to the Astronomer- Royal his computations
indicating the existence of an unknown world beyond Uranus.

The work was shown i> Dawes, and he was so much impressed

by it that he wrote to Lassell, asking him to search for Neptune
in the region designated by Adams. Had the discoverer of the

two inner and faint satellites of Uranus, and the satellite of

Neptune, directed his 2- foot reflector to this region, there is

little doubt but that the planet would have been picked up.

However, the Fates ordained otherwise : Lassell was confined

to his sofa by a sprained ankle, and, when he recovered, the

letter of Dawes, giving the predicted place of Neptune, could

not be found. It turned out to have been destroyed by a too-

zealous maid-servant. Thus, "by a set of curious chances,"
the new planet was never looked for by the then most powerful
telescope and most skilful observer in England. It was not

until many months after the letter of Dawes to Lassell that the

planet was found by Galle and D'Arrest, near the position given
by Leverrier.

Astronomy at the Paris Academy, March 21.—At the

meeting of the Paris Academy of Sciences, on March 2I-, M.
Loewy presented a picture of the Orion Nebula obtained at

Toulouse Observatory, with an exposure of five hours, on Feb-

ruary 24, 25, and 26.

M. Bigourdan observed Swift's comet on March 17, 18, 19,

and 20, and determined its position. He describes it as "a
bright nebulosity, 2' in diameter, without a tail, and with a

well-defined stellar nucleus, the light of which is comparable
with that of a star of the eighth or ninth magnitude." Den-

ning's comet was seen on March 19 and 20, and five observa-

tions of position were made. It is described as "a feeble

nebulosity without a tail, 25" to 30" in diameter, brighter to-

wards the centre, but without any apparent nucleus. Its light
was at the most equal to that of stars of magnitude 13." M.
Rayet observed Swift's comet on March 17 and 19, and esti-

mated that its nucleus was of the sixth or seventh magnitude.
M. Terby, in a letter to M. Faye, claims priority for the idea

that solar spots and other disturbances on the sun exert an
influence on terrestrial magnetism and electricity which varies

according to the position of the phenomena with reference to

the sun's visible disk. In a paper presented to the Brussels

Academy in 1883,
" On the Existence and Cause of a Monthly

Periodicity of Aurorse," he showed that the fluctuations in

frequency of aurorse were connected with the period of the

sun's synodic rotation. Hence, some portions of the solar

surface seem more capable of exerting terrestrial influence than
others.

Variability of Nebul.-e.—In N.^ture of January 14

(p. 261) some observations were described which seemed to

indicate that a nebula in R.A. 3h. 36m., Deck 95° 2'"i, was
variable. Dr. Lewis Swift notes, in Astronomy and Astro-

physics, that he has again looked for the nebula, and on January
31 succeeded in getting two glimpses of it, using a power of 195.

Although Dr. Swift is not inclined to believe that the nebula is

variable, it is strange that he should at one time have picked up
the object whilst sweeping, and yet not be able to find it after-

wards, even with the most persistent searching. That Dr. Dreyer,
also, should have failed to see the nebula on several occasions,

although he knew where and what to look for, is almost un-

accountable, if the brightness is uniform. It is to be regretted
that the illumination of the sky at Rochester, from the electric

lights, seems likely to prevent Dr. Swift from continuing his

search for nebulae.

Solar Prominence Photography.—As the great spot-

group of February was again coming round the sun's east limb
on March 3, M. Deslandres observed over it a prominence.
He also photographed it, and, at the meeting of the Paris
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Academy of March 14, communicated the results obtained.
The PVaunhofer lines H and K are very bright on the photo-
graphs, and the entire series of ultra-violet hydrogen lines are

plainly visible. Other lines are seen which have not previously
been recognized as chromosphere lines, viz. the magnesium
triplet about X 383, and lines at KK 375'93, 376"I4, and 368*53,
the origins of which are unknown.

The Aurora Spectrum.—The aurora of February 13 was
seen at Chicago, and Prof. Hale made some observations of its

spectrum, using a small direct-vision spectroscope. A bright
band was made out in the red, near C, and another was identi-

fied as the characteristic aurora-line. A very faint line, broad
and hazy, appeared in the green, near the position of b, and a
faint one near F.

THE PROPERTIES OF AMORPHOUS BORON.
nPHE properties of pure amorphous boron form the subject of

a contribution to the current number of the Coinptcs rendiis

by M. Moissan. In our chemical note of March 3 (p. 421), the

method was described by which M. Moissan has recently suc-

ceeded in preparing the amorphous form of boron in a state of

almost perfect purity. The method consisted in reducing an
excess of boric anhydride with powdered metallic magnesium,
and subsequently repeatedly extracting the soluble products by
acids. He now proceeds to describe the physical and che-

mical properties of the element as thus obtained. Pure amor-

phous boron is a fine chestnut-coloured powder, which may be

readily moulded into adhesive masses by pressure. Its density
is 2 '45. It is infusible, even at the temperature of the electric

arc. When heated in the air to a temperature in the neigh-
bourhood of 700°, it inflames, and burns with formation of

boric anhydride. If a small quantity is heated strongly in a

test-tube, and, while hot, thrown into the air, a host of brilliant

sparks are produced. When the powder is heated in a current

of oxygen it burns with an intensely luminous flame, which,
when the experiment is performed in a dark room, is observed
to possess a green tint. The rays emitted are almost devoid of

actinic power, the greater portion of the chemically active end
of the spectrum being wanting. Pure amorphous boron reacts in

a beautiful manner with sulphur at a temperature of about 610°,
brilliant incandescence occurring with production of sulphide
of boron. This latter substance is decomposed by water with

liberation of sulphuretted hydrogen. Selenium reacts with

amorphous boron in an analogous manner at a higher tempera-
ture, but without incandescence, the selenide of boron produced
evolving hydrogen selenide when brought in contact with water.

Tellurium, however, may be fused in presence of boron without

any reaction occurring.
When amorphous boron is heated in an atmosphere of

chlorine to 410", combination accompanied by bright incan-

descence occurs with formation of chloride of boron, which, if

the experiment is performed in a suitable apparatus, distils over

into a receiver placed to intercept it. Bromine combines with
boron to form the liquid bromide of boron at a temperature ap-

proaching 700°, the reaction likewise being accompanied by
incandescence. Even bromine water attacks boron, although

slowly, at the ordinary temperature, and an aqueous solution of

bromine in potassium bromide attacks it rapidly. Iodine ap-

pears to be without action even at a red heat. Amorphous
boron only combines directly with nitrogen at a high tempera-
ture, mere traces of the nitride being produced at temperatures
below 900° when the powder is heated in a current of nitrogen ;

but at abqut 1200° combination rapidly occurs. The vapours of

phosphorus, arsenic, and antimony do not react at available

temperatures. When amorphous boron is heated in the electric

arc in an atmosphere of hydrogen, boride of carbon is formed
with a portion of the carbon of the poles.
The behaviour of metals towards amorphous boron is some-

what singular. The alkali metals may actually be distilled over

the powder without any apparent trace of combination. Mag-
nesium, on the contrary, combines with boron to form a boride

at a low red heat. Iron and aluminium also form borides at a

red heat, and silver and platinum react with even greater

facility.

Acids react with amorphous boron with considerable energy.
At 250° sulphuric acid is reduced to sulphur dioxide. Nitric

acid in small quantities produces incandescence. Phosphoric
anhydride is reduced at 800° to phosphorus. Arsenious and
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arsenic acids are reduced at low redness with sublimation of

annuli of arsenic. When the powder is dropped into a warm
solution of iodic acid, iodine is liberated, and if a mixture of

amorphous boron and crystallized iodic acid is slightly warmed,
it takes fire, and a cloud of iodine vapour is produced. Gaseous

hydrofluoric acid attacks amorphous boron at low redness,

hydi-Qgen being liberated, and fluoride of boron produced.

Hydrochloric acid only reacts at bright redness.

Steam does not react with boron below a red heat, but the

moment incandescence commences at any point the decomposi-
tion proceeds with explosive violence, hydrogen being liberated

and boric anhydride produced. Carbon monoxide is reduced by
boron at 1200', with formation of boric anhydride and deposition
of carbon. When amorphous boron is heated to low redness in

a current of nitrous oxide, incandescence is produced, and boron
nitride and boric anhydride are formed. Nitric oxide, however,
does not react wiih boron under these circumstances.

Metallic oxides are much more readily reduced by boron than

by carbon. For instance, when a mixture of copper oxide and

amorphous boron is heated in a glass test-tube, the heat produced
in the act of reduction is so great that the glass immediately
fuses. Oxides of tin, lead, antimony, and bismuth are imme-

diately reduced upon slightly warming, and the mass becomes
white hot. When peroxide of lead is rubbed in a mortar with

amorphous boron, a violent detonation occurs. Oxides of iron

and cobalt are reduced at a red heat, but the alkaline earths are

not attacked by boron. When caustic potash is fused in contact

with amorphous boron, a vigorous reaction occurs, with rapid
evolution of hydrogen.
The great affinity of boron for oxygen may be readily shown

by making a gunpowder in which carbon is replaced by boron ;

if such a mixture of amorphous boron, sulphur, and nitre is

made, it will be found to explode considerably below the lowest

red heat. If a few particles of amorphous boron are allowed to

fall into fused potassium chlorate, quite a pyrotechnic display is

produced. The behaviour of certain fluorides towards amorph-
ous boron is interesting. Silver fluoride, for instance, reacts

in the cold upon simple contact in a mortar, with incandescence
and detonation. Many other fluorides are similarly decomposed
on warming.

Sulphates of potassium and sodium are reduced to sulphides
at a low rid heat by amorphous boron with great energy, the

mass becoming white hot. Fused nitre, however, only reacts at

the temperature at which oxygen commences to be evolved, but
fused nitrites of the alkali metals react with violence, and pro-
duction of light and heat. Sodium carbonate, moreover, is

reduced at the temperature of low redness with vivid incan-

descence. The reducing capabilities of i)oron appear to be even
manifested in presence of water, for the powder rapidly de-

colorizes a solution of permanganate, and reduces solutions of
ferric salts to ferrous. Silver nitrate in solution is reduced with

deposition of crystals of metallic silver ; gold chloride also yields
an immediate precipitate of finely divided gold, and platinum
Chloride is likewise reduced with precipitation of platinum upon
warming. A. E. TUTTON.

THE MANCHU RACE.
'T^HE origin of the Manchus—the race to which the reigning

dynasty in China belongs
—is discussed by a writer in the

North China Herald, of Shanghai. He says that the Tungus
people are scattered about in Siberia and Manchuria in rather
small communities of several hundreds or thousands each. In

1854 there were about thirty-five or forty thousand persons
altogether in Siberia belonging to this race. Being hunters and
fishers they find it best to live on the banks of rivers and on the

seaside for fishing, and in wooded hill countries for hunting.

They are met with, consequently, on the shores of the Baikal,
and on the upper waters of the Lena, which rises among the

mountains west of that inland sea. These few colonies of this

race are under the jurisdiction of Irkutsk. Still farther west
there are a tribe or two on the Yenissei. Those on the Lena
are near the part where the mammoth and other wild animals

formerly had their haunts. The frozen remains of these ancient
creatures are found chiefly at the mouth of the Lena, which
flows north to the Arctic Sea through about twenty degrees of
latitude from the neighbourhood of Baikal. On the east of the

Baikal, Nerchinsk and the banks of the Orchon and Onon
Rivers are preferred by this people, who are irregularly scattered

among the Buriat tribes in this part of Siberia. In the Amur
territory of Russia they occupy parts of the sea coast, and are

known as the Orotches and Goldi. It is because the salmon
and other fish that they live on are found in abundance that

they here build their movable huts. In the Russian Amur
province there are about forty thousand of them, representing
an ancient race which, as their language, joined with the facts of

Chinese history, shows, must have occupied these same terri-

tories and prosecuted these occupations for thousands of years.
In Kirin province there are, it is likely, a corresponding number,
for the trade with China always demands sable skins, otter

skins, squirrel skins, beavers, ermines, and fox skins in an ever-

increasing quantity. It is this demand for skins that maintains
the tribes in the north part of Kirin province residing on the

banks of the Usuri and other streams which flow north into the

Amur.
The Tungus tribes to which the Manchus belong first appear

in history in the Chow dynasty. They are the Sokdin or Sushen
of that age, and they were powerful in the eleventh century
before our era. They are mentioned in the preface of the Book
of History, so that we have next to classical authority for their

existence at that distant period as a powerful state. The
historian Tso mentions them in the sixth century, and from the

way in which he speaks they were the strongest race in Tartary
at the time. But in the third century, after nine hundred years
of honour, their star went down, and the age of Turkish

ascendency arrived. The Hiung-nu Turks of the Han dynasty
had emperors of their own, who at least on one occasion were
received in China on terms of equality with the haughty
sovereigns of their southern neighbours. They could call them-
selves eldest sons of heaven and brothers of the sun and moon,
just as the Chinse could, and therefore they did so. But their

star also went down. The Turkish race has been used to rule

wild tribes for 2000 years. We know that the Hiung-nu
were Turks by the words left of their vocabulary which are

found recorded in Chinese history. But their power declined,
and then the Sushen, or Tungus, rose again to influence, and
it was because they lived in the eastern provinces, where the

valleys are rich in productive power, and because they had the

good sense to profit by Chinese teaching. When China con-

quered the Moukden province and Corea, a century before the

Christian era, the result was that the habits of life of the Chinese

and their moral and intellectual activity spread to the east and
north-east. Tungus and Corean tribes came under this new

influence, and grew more powerful in proportion to the progress

they made in the adoption of a civilized life. The Tungus
Ambassadors arrived at Loyang in A.D. 263 and 291 ; and a few

years later, when the Tsin Emperor had removed his Court to

Nanking, they appeared there. Probably they came from the

mouth of the Newchwang River by sea, for we know that the

Chinese junk-masters navigated the Gulf of Pechili fully 2000

years ago. The troops which subjugated Corea at that time

were there in large junks. Meanwhile other branches of the

Tungus race had become sufficiently powerful to disturb the

quiet of North China. Among them were the Ovvan and
Sien Pi. The Sien Pi and the Hiung-nu conquered large

portions of Chinese territory. The Tungus people ruled in the

province of Peking. The Turks occupied Shansi, and Tibetan

tribes took possession of Shensi. Each of these races seized on
that part of North China which lay contiguous to their homes in

Tartary. This state of things lasted till the latter part of the

fifth century, when the Chinese drove the Tartars out. Again,
however, at the beginning of the twelfth century a Tungus race

conquered North China, and was followed later by a Mongolian
dynasty, to which the Chinese of north and south all submitted

for a hundred years.
The Mongols as a race are probably an off"shoot from Tungus

stock. There are differences, but there is on the whole a great
resemblance. The consanguinity that exists between Manchu
and Mongol is greater than that which is found to prevail
between Mongol and Turk

;
and therefore it may be concluded

that the Tungus, either in Siberia or in Manchuria or on the

Amur, threw oft' a branch which became Mongol. This would
be of a very ancient date,|for otherwise the grammars of the

Mongol and Manchu would be more alike than they are.

Genghis Khan and his tribe started on the conquest of the

Asiatic continent from the neighbourhood of the gold mines in

Nerchinsk, and the Mongols are not fishermen by preference
nor hunters of the sable martin and the beaver. They are

rather keepers of sheep and riders of horses and camels. They
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miglit easily develop their language in the vicinity of the Altai
Mountains and the Baikal.

As to the Manchus, they have forgotten their early occupa-
tions since coming to China, and they attend now only to the
duties of the public service or to military training. The
language, like the Mongol, is rich with the spoils of antiquity.
All the various forms of culture, whether belonging to

Shamanism, Confucianism, or Buddhism, with which they have
become successively familiar, have contributed a share. To
these must be added the vocabulary of the huntsman, the fisher-

man, and the shepherd, and all the terms necessary for the
feudal relationship as well as those of the trades and occupations
of the old civilization.

SOCIETIES AND ACADEMIES.
London.

Physical Society, March ii.—Prof. A. W, Riicker,

F.R.S., Vice-President, in the chair.—Mr. H. M. Elder read
a paper on a thermodynamical view of the action of light on
silver chloride. In the decomposition of silver chloride by light,
chlorine is given off, and a coloured solid body of unknown
composition (sometimes called "

photochloride ") formed, the
reaction being indicated by the formula «AgCl = Ag„CI„_i -(- \Q.\.
If the experiment be carried out in a sealed vacuum, the chloride
is darkened up to a certain point, but regains whiteness when
left in the dark. These facts have led the author to believe
that the pressure of the liberated chlorine is a function of the
illumination or intensity of light falling upon the chloride, in

the same way as the pressure of a saturated vapour is a function
ofthe temperature. Since illumination is a quantity in many
respects analogous to temperature, he considers it not unreason-
able to apply thermodynamic arguments, and regard chlorine in

presence of silver chloride and "
photochloride" as the worKing

substance in a "light engine." He therefore supposes a
Carnot's cycle to be performed on the substances at constant

temperature, the variables being pressure, volume, and illumina-
tion. Since the cycle is strictly analogous to Carnot's, except
that illumination is written for temperature, he infers that the

efficiency is a function of the two illuminations. It also follows
that just as Carnot's cycle is used to determine an absolute
scale of temperature, so this cyle may be applied to determine
an al)so!ute scale of illumination. It only remains to determine
an empiric scale analogous to the air thermometer, and to com-

pare it with the photodynamic scale, provided a method of

makin>^ the comparison can be devised. Assuming the axioms

applied to Carnot's cycle are true when illumination is written

for temperature, the author shows mathematically that/ oc V^'^,

where p is the pressure, I the illumination, T the absolute

temperature, and p the heat of combination per gramme-molecule
of chlorine evolved. If P be the heat of formation of silver

chloride, the fraction p/P may be considered as expressing the
fraction of the total chlorine that can be removed by the action
of light upon it, supposing the gas removed so as to keep the

pressure below that corresponding to the illumination. The
chemical equation might then be written—

P/pAgCl- Agp^^Clp/^_^
+ iCl2;

thus the formula for "photochloride" would be Agp, CIp,
Prof. Riicker read a letter from the President (Prof. Fitz-

gerald) on the subject of the paper. He inquired what axiom

corresponding with the second law of thermodynamics was
employed. He was not sure that the engine was perfectly rever-

sible, and felt doubt on thesubject of phosphorescence mentioned
in the last operation ofthe cycle. Nevertheless, the paper was a
most interesting one, and very suggestive. Prof. Herschel

pointed out that Becquerel's phosphoroscope showed that all

kinds of light produced phosphorescence, and thought that, in

considering the subject, the non-thermal character of photo-
genic light should be kept in view. Mr. Baker said
he had been working on silver chloride for several years,
and found that no darkening whatever took place if kept
dry and in vacuo. He considered oxygen necessary to the
action. Dr. C. V. Burton, referring to the moiivity of the

system, said that only a small fraction of the energy of the
illumination was actually made use of.

*
He also thought it

necessary to consider how far the second law of thermodynamics
could be treated as an axiom. He himself had been led to be-
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lieve the law did not hold for mixtures of substances differing
in a finite degree from one another. Some time ago he experi-
mented on a solution of sodium sulphate placed in a dialyzer

kept at constant temperature. The more acid portion pas ed

through the membrane, and on mixing a rise of tempera-
ture was observed ; the dialyzer thus acted like Maxwell's

demons, and the mixing increased the motivity of the system.
Prof. Riicker expressed his doubts as to whether the cycle
described in the paper was strictly analogous to that in Carnot's

problem. In the latter case the parts of the working substance

only differed infinitesimally from one another, whilst in the

former the working body was a mixture of two solids and a gas.
In order that the increased illumination should not alter the

temperature, heat must be carried away. According to the

paper, the first part of the cycle must be both adiabatic and
isothermal. This seemed hardly possible. If the chlorine

alone be considered, it could not be true, and it could only hold
if the chloride absorbed all the heat given out by the compres-
sion of the chlorine. This seemed improbable, but, if true, it

would be very important. Captain Abney saw another difficulty
in the fact that at low temperatures silver chloride is not acted

on even by violet light, whereas heating greatly increases the

action. In his opinion the conclusions arrived at required con-

firmation, but the paper would form a starting-point for many
new experiments. Mr. Elder, in reply to Prof. Fitzgerald, said

the axiom corresponding to the second law as stated by Clausius

might be formulated thus : Energy cannot of itself pass from a

less bright to a brighter body. In the paper he had assumed
that the energy given out during compression at the lower

illumination was of the same quality as that absorbed at the

higher. The whole question depended on comparisons of in-

tensities of illuminations of different wave-lengths. In the

expression p oc V>'^ ^ p was probably a function of T, and

Captain Abney's objection was not necessarily fatal. Speaking
of the presence of oxygen being essential to decomposition, he

believed some sensitizing body was necessary, but judging from

experiments he had seen, an infinitesimal quantity would prob-

ably be sufficient, for the action seemed lo be of a catalytic

nature. He felt the weight of Prof. RUcker's objections, but

thought they might possibly be met.—A paper on choking
coils was read by Prof. Perry, F. U.S. Regarding a choking
coil as a transformer with one primary and many secondaries

represented by the conducting ma'^ses, he pointed out that all
^

the secondaries might be replaced by a single coil of n turns,

and resistance r ohms, short-£ircuited on itself. Assuming no

magnetic leakage, the equations for the two circuits at any
instant are V = RC + N0I, and O = re + nBl, where N and

n are the turns, R and r the resistances, I the total induction (in

10^ C.G. S. lines), and C and c the primary and secondary cur-

rents respectively. Since the exciting current, C, is all-important
in choking coils, and its value depending on the law of mag-
netization, the equations are treated in a different manner from

that adopted in ordinary transformer calculations. Expressing
the magnetic law as a Fourier series, I =; 2 A,(r, sin ix, the

value of A (viz. NC + nc) is deduced, and when V or I is

given as a periodic function of the time, C may be calculated.

Assuming V =
V(, sin kt, the author finds

C = -Yp_ r ^i +27sin/+7- . sin
\
kt - go-f tan"i( tan/-l-

^~ \

- d cos 3/V
- m cos $/c/ ,

where ^ = n'-ak/r,/ is the hysteresis term, and i and m con-

stants depending on the law of magnetization. For ordinary
transformer magnetizations, d = o"2, and m ~ 0'05. From the

above expression it will be seen that if there is no hysteresis

{i.e. f = o), the effect of the eddy currents, e, is to increase the

amplitude of the important term, and to produce a lead of

90°
-

cot"^^, whereas the effect of hysteresis without eddy
currents is to leave the amplitude unaltered, and produce a

leady. Putting /= ogives results in accordance with experi-
mental observation, hence the author is inclined to believe that

there is no hysteresis in transformers. He also points out that

the higher harmonics must exist, and thinks it probably that a

choking coil with finely divided iron may prove a method of

increasing frequency by mere magnetic means. Taking the

case of a isoo-watt transformer (2000 volts) unloaded, in which
the loss in eddies was 40 watts, it is shown that a secondary of

2 turns, and resistance 1*9 ohms, would replace the eddy
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current circuits. Assuming constant permeability and no eddy
currents, the value of C comes out 007398 sin {kt

-
90°), whilst

with eddy currents and some saturation

C = o'079ii sin (>^/- 69° -a)
- o 'o 14796 cos 3 >^^- 0-003695 cos 5^/.

Dr. Fleming said he was working on the subject of choking coils,
and had found that, in closed-circuit transformers unloaded, the
real watts were about 07 times the apparent watts. This, on
the assumption of sine functions, would indicate a lag of about

45°. A similar rule for open-circuit transformers was much
needed. It was important to know what size of core and coil

was required to choke down to a given current. Dr. Sumpner
thought it belter to treat the subject graphically rather than by
anal\sis, and described a construction whereby the fundamental

equations could be readily integrated. Prof. Perry said he had
reason to think that ordinary hysteresis curves were not applic-
able to transformers. By analysis of the experimental E. M.F.
and current curves, one could work backwards and find the true

hysteresis curves.

Chemical Society, March 3.
—Prof. A. Crum Brown,

F. R. S., in the chair.—An address was read, which it is proposed
to present to Prof Bunsen, who has now been for fifty years a

foreign m^^mber of the Society.
—The following papers were

then read :
—A rule for determining whether a given benzene

mono-derivative shall give a meta-di-derivative or a mixture of
ortho- and para-diderivatives, by Prof. A. Crum Brown and
Dr. Gibson. If a benzene mono-derivative be converted into a
di-derivative by replacement of a second atom of hydrogen in

the nucleus by a radicle of the same kind as the one already
present, the product may consist either of the meta-di-derivative

or a mixture of ortho- and para-di-derivatives. The authors

suggest a rule for determining which of these two cases will

result in any instance. If the hydride of the radicle employed
is directly convertible into the corresponding hydroxide, the
meta-di-derivative will be obtained on further substitution by
the same radicle. If the hydride of the substituting radicle is

not directly oxidizable to the hydroxy-compound a mixture of

ortho- and para-di-derivatives will result. For example, when
the substituting radicle is chlorine, as in the case of mono-
chlorobenzene, hydrogen chloride not being directly oxidizable

to hypochlorous acid, the rule indicates that a mixture of ortho-
and para-di derivatives will be obtained on further chlorination.

Nitrous acid is readily converted by direct oxidation into nitric

acid, so that on nitration of nitrobenzene, meta-dinitrobenzene
alone should be produced if the rule be a correct one. In these,
as in the other cases cited by the authors, the rule is found to

hold good.
—The relative orienting effect of chlorine and

bromine; (i) The constitution of parabrom- and parachlor-

anilinesulphonic acids, by H. E. Armstrong and J. F, Briggs.
Parachlorobromobenzene on sulphonation yields one sul phonic
acid, CgHs . Br. CI. .^OgH, possessing the constitution CI: SO3H :

Br = I : 2 : 4. The authors were unable to obtain two sulphonic
acids on sulphonating parachloraniline ; only one was produced,
which separates from its aqueous solution in three distinct forms.

This also holds true for the sulphonation of parabromaniline,
the sulphonic acids having the constitution CI or Br : Si )3H : NHj
= 1:2: 4.

—Note on anhydrides of sulphonic acids, t)y H. E.

Armstrong. When para-dichloro-, chlorobromo-, and dibromo-
benzene are treated with sulphuric acid containing about 20 per
cent, of sulphuric anhydride, sulphonic anhydrides are obtained.

These compounds probably owe their formation to the dehydra-
tion of the corresponding sulphonic acids first formed.— Contribu-
tions to the knowledge of the aconite alkaloids ; Part II.

The alkaloids of true ^c^wiVww napellus, by W R. Dunstan and

J. C. Umney. The roots of true Aconitttin napellus were
extracted with cold fusel oil. The solution so obtained was,
after some preliminary treatment, extracted with ether. Two
alkaloids were thus extracted, and were separated by means
of their hydrobromides into a crystalline and a gummy alkaloid.

The former of these was found to be aconitine, whilst the non-

crystallizable compound is a new alkaloid which the authors

term napelline. This alkaloid is soluble in e her and alcohol,
and has a very bitter taste, but does not give rise to the tingling
sensation so characteristic of aconitine. Its salts could not be

crystallized. By further extraction of the fusel oil with chloro-

form, aconine was obtained. The roots of true Aconitum

napelhis, therefore, must be held to contain three alkaloids, one
of which, viz. aconitine, is crystalline, whilst two are amorphous,
viz. napelline and aconine. Indications have been obtained of

the presence of a fourth alkaloid, which is amorphous and
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closely resembles napelline. Aconitine is by far the most toxic
of the alkaloids contained in Aconitum napellus.

—Contributions
to our knowledge of the aconite alkaloids

; Part III. The for-

mation and properties of aconine and its conversion into aconi-

tine, by W. R. Dunstan and F. W. Passmore. When pure
aconitine is hydrolyzed by heating it with water in closed tubes
at 150°, aconine and benzoic acid are obtained in accordance
with the following equation

—
C33H,5NO,2 -f- HgO = CjeH^iNOu + C^HgO,;

no picraconitine or methyl alcohol is obtained at any stage.

Anhydro-aconiiine is formed by the interaction of aconine and

ethyl benzoate at 130°, leaving no doubt that aconitine is

benzoyl-aconine. Aconine yields a crystalline hydrochloride,
C26H4iNO]^, HCl,2H.^O, whose specific rotatory power
[ajo = -

7°"7i. Pure aconine is a hygroscopic, brittle gum,
having the composition C2eH4iNOjj, and the rotatory power
[o]d = -f 23". Its solution reduces P'ehling's solution and gold
and silver salts. Its aqueous solution is slightly bitter, and

gives rise to a burning sensation in the mouth. A crystalline
aconitine methiodide, C33'-l45NOj2,CH3l, and an amorphous
methydroxide, 0331145 NOi2,CH3. OH, have been prepared. A
simple laboratory shaking appliance, devised by Prof, Dunstan
and Mr. Dymond, was exhibited at the conclusion of this

paper.
—Note on the carbon deposited from coal gas flames, by

W. Foster, The author quotes analyses of cokes obtained by
carbonizing sugar and starch. From the similarity in composi-
tion of these cokes to that of the soot obtainable from coal-gas
flames, he is of opinion that these substances are all formed by
somewhat similar chemical processes,

—The volumetric estima-
tion of mercury, by Chapman Jones. The author has devised a
modification of the cyanide method of estimating mercury.—
Chromic acid, by Eleanor Field. Results are quoted showing
that the crystals obtained on cooling with ice a solution of
chromium trioxide saturated at 90° consist merely of the trioxide,

CrOs, and not of chromic acid, H2Cr04, as stated by Moissan.—The origin of acetylene in flames, by V, B. Lewes. The
author has sought to determine whether acetylene is the product
of high temperature change or of oxidation. The experiments
described consisted in passing hydrocarbon gases and mixtures
of such gases with others through a heated platinum tube. The
results obtained appear to point \^ acetylene being formed by
the action of heat alone.

Geological Society, March 9.—W, H, Hudleston, F.R.S,,
President, in the chair.—The following communications were
read :

—The new railway from Grays Thurrock to Romford :

sections between Upminster and Romford, by T. V. Holmes.
In the Hornchurch cutting of the new railway, boulder clay, of
which about 15 feet is seen, rests upon the London Clay
near the lOO-feet contour-line, and is overlain by 10 to 12

feet of sand and gravel. The author gives reasons for inferring
that this sand and gravel belongs to the olde>t terrace of the

Thames Valley gravel occurring in this district, and states that

it demonstrates the truth of Mr. Whitaker's conclusion that the

Thames Valley deposits are (1 cally) post-Glacial, or newer than
the local boulder clay. After the reading of this paper the
President said that geologists were much indebted to Mr.
Holmes for drawing attention to this interesting section before

it was too late. Amongst the many points arising from the

discovery of boulder clay at less than 100 feet above Ordnance
datum was one as to the probability of the pre- Glacial age of the

Thames Valley system. Mr. H. B. Woodward, Mr. H. W.
Monckton, Mr. C. Reid, Dr. Hicks, Mr. Lewis Abbott, and
Mr. Whitaker also spoke.

—The drift beds of the North Wales
and Mid- Wales coast, by T. Mellard Reade. This paper is a
continuation of papers by the author on the drift beds of the

north-west of England and North Wales. The author first treats

of the Moel Tryfaen and other Caernarvonshire drifts ; he
desciibes the drifts of the coast and coastal plain, connecting
his observations with those of the Moel Tryfaen drifts. An
important feature of the investigation is the numerous mechanical

analyses of the various clays, sands, and gravels. In all the

samples but one, a large proportion of extremely rounded and

polished quartz-grains have been found, which the author
maintains to be true erratics, and a certain sign of marine
action. He shows that the Moel Tryfaen marine sands are in

part overlain by typical till, composed almost wholly of local

rocks with a small percentage of clay, whereas the sands and

gravels are full of erratics, including rocks from Scotland and
the Lake District, numerous flints, Carboniferous Limestone, and
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crystalline schists. Throughout the drifts of the coastal plain
he has found a greater or less proportion of granite erratics, as

well as, in many cases, minute rolled-shell fragments. He
maintains that these drifts are the result of two opposing forces,
one radiating from Snowdonia, and the other acting from the

sea to the southwards, and their characteristics change as the

one or the other force preponderated. The other divisions of

the paper are taken up with a description of the Merionethshire
drift and that of Mid-Wales, numerous sections being given.
Attention is called to a remarkable glaciation of the rocks at

Barmouth. In a concluding part, giving inferences and sugges-

tions, the author discusses the land-ice and submergence
hypotheses, and concludes that his observations distinctly

strengthen the grounds for believing in a submergence of the

land to an extent of not less than 1400 feet. An appendix
contains details of nineteen mechanical analyses of tills, sands,
and gravels, and a bibliography of papers, observations, and
theories of the high-level drifts of Moei Tryfaen. The reading
of this paper was followed by a discussion, in which Mr. Lamp-
lugh, Mr. J. W. Gregory, Mr. H. W. Burrows, the President,
and others took part.*:

Zoological Society, March 15.
—Prof. W. H. Flower,

F. R. S., President, in the chair.—Mr. Sclater exhibited and
made remarks on the skin of a Wild Ass obtained by Mr. J. D.

Inverarity in Somali-land.—A report was read, drawn up by
Mr. A. Thomson, the Society's Head Keeper, on the insects

bred in the Insect-house during the past season.—Mr. Seebohm
exhibited and made remarks on two pairs of Picus richardsi

from the island of Tsusima in the Japanese Sea.—Mr. Oldfield

Thomas exhibited and described a head (placed at his disposal

by Messrs. Rowland Ward and Co.) of the East African Oryx.
This Antelope, commonly supposed to be O. beisa, was shown
to differ from that species in possessing long black tufts on the

tips of its ears. It was proposed to be called O. callotis,—Dr.

H. Gadow read a paper on the classification of Birds, in which
the results arrived at, after a long study of the structure of Birds
for the purpose of completing the part

" Aves "
of Bronn's

"Thierreich," were set forth.—A communication was read from
Mr. C. Brunner v. Wattenwyl and Prof. J. Redtenbacher,

containing a report on the Orthoptera of the island of St.

Vincent, West Indies, collected by Mr. H. H. Smith, the

naturalist sent to that island by Mr. Godman, in connection

with the operations of the Committee appointed by the British

Association and Royal Society for the investigation of the fauna
and flora of the Lesser Antilles.—Mr. Oldfield Thomas read a

paper on a collection of Mammals from Mount Dulit, in North

Borneo, obtained by Mr. Charles Hose, Fourteen species were

represented in the collection, of which four were stated to be new
to science. Amongst these was a new Carnivore of the genus
Hemigale, proposed to be called Heinigale hosei.—Dr. R.
Bowdler Sharpe gave the description of some new species of
Timeliine Birds from West Africa.

Entomological Society, March 9.
—Mr. Frederick Du-

Cane Godman, F.R.S., President, in the chair.— Prof, C.
Stewart exhibited and made -remarks on specimens of Cystoccelia

immaculata, an Orthopterous insect from Namaqualand, in

which the female is far more conspicuously coloured than the

male, and the stridulating apparatus of the male differs in certain

important details from that of other species. A long discus-

sion ensued, in which Dr. Sharp, F. R.S., Mr. Poulton, F. R. S.

Mr. Distant, Mr. H. J. Elwes, Colonel Swinhoe, and Mr.

Hampson took part.
—Mr. Elwes exhibited specimens of Ribes

aureum which were covered with galls, as to the nature of which
the Scientific Committee of the Horticultural Society desired to

have the opinion of the Entomological Society. Mr. Fenn,
Mr. Tutt, and Mr. Barrett made some remarks on these galls.

—
Mr, Elwes also exhibited a large number of species of Hetero-
cera recently collected by Mr. Doherty in South-East Borneo
and Sambawa. Colonel Swinhoe, Mr. Hampson, and Mr.
Distant took part in the discussion which ensued.—Mr. Barrett

exhibited a series of specimens of Noctua /estiva, bred by Mr,
G. B. Hart, of Dublin, which represented most of the known
forms of the species, including the Shetland type and the form

formerly described as a distinct species under the name oiNoctua

conjlua. Mr. Fenn and Mr. Tutt made some remarks on the

specimens.
—Mr. W. C. Boyd exhibited a specimen of Dian-

thecia Barrettii, taken at Ilfracombe last summer. It was re-

marked that Mr. W. F. H. Blandford had recorded the capture
of D, Barrettii—which had until recently been supposed to be

NO I I 70, VOL. 45]

confined to Ireland—from Pembrokeshire, and that its capture
had also since been recorded from Cornwall.—Mr. Tutt exhi-

bited specimens of Polia xattthomista from Mr. Gregson's
collection, which had recently been sent to him by Mr. Sydney
Webb.—Mr. G. A. James Rothney exhibited and read notes

on a large collection of Indian ants which he had made in

Bengal between 1872 and 1886, comprising some ninety species.
He stated that eighteen of these species had been described by
Dr. Mayr in his paper entitled

" Ameisen Fauna Asiens,"

1878 : he also said that Dr. Forel had recently identified several

other new species in the collection, and that there were about
ten species and one new genus which Dr. Forel had not yet
determined.—Mr. H. Goss exhibited, for Mr. T. D, A. Cock-

erell, of Kingston, Jamaica, several specimens of palm leaves,
from the garden of the Museum in Kingston, covered with

Aspidiolus articulatus, Morgan. The leaves appeared to have
been severely attacked, the scales entirely covering the upper
surface in places.

—Mr. F. D. Godman contributed a paper by
the late Mr. Henry Walter Bates, with an introduction by him-

self, entitled "Additions to the Longicornia of Mexico and
Central America, with remarks on some previously-recorded

Species."
—The Rev. A. E. Eaton communicated a paper

entitled " On new Species of Ephemeridas from the Tenasserim

Valley."

Linnean Society, March 17.
— Prof. Stewart, President, in

the chair.—Mr. E. M. Holmes exhibited specimens of Phacelo-

carpus disciger, a new species of seaweed from Cape Colony,
collected by Dr. Becker near the mouth of the Kowie River.

One of the specimens exhibited bore antheridia which have not

previously been described in this genus. The species differs

from those already known in bearing the organs of reproduction
on the surface of the frond instead of on the margin.

—Mr.
Buxton Shillitoe exhibited and made some remarks upon the

flowers of Leucojum vernum and Helleborus viridis.—On behalf

of Mr, Allan Swan, the Secretary read a paper on the vitality
of the spores oi Bacillus megatherium, upon which criticism was
offered by Mr. G. Murray.

—Mr. S. B. Carlill submitted a

paper entitled
" Notes on Zebras," in which he discussed the

position assigned to the zebra in the genus Equus ; the use and
nature of striped coats ; the contention that the sallenders on
the legs of the Equidce represent the hoof of the first digit of

their polydactyl ancestors ; and the evidence bearing upon Prof.

Owen's view that the cave herse was in some respects zebrine.

He concluded by advocating a systematic attempt to domesticate
one or more species of zebra for transport work. Domestica-

tion, he considered, would not only render these animals

eminently useful, but would be the only means of preserving
them from extinction.

Cambridge.

Philosophical Society, March 7.
—Prof. G. H. Darwin, Pre-

sident, in the chair,—The following communications were made :

—
Some experiments on electric discharge, by Prof. Thomson. A
series of experiments were shown in which the electric discharge
took place in bulbs without electrodes. It was shown that the

colour of the discharge through the same gas varied very greatly
with the density of the gas and the intensity of the discharge.
This was illustrated by two bulbs, each containing air

;
the

discharge through one was a bright blue, and through the other

an apple-green. Another experiment showed the gas at a very
low pressure could not act as an electro-magnetic screen, though
it did so at a higher pressure. The laws governing the absorp-
tion of energy by conductors placed near very rapidly alter-

nating currents were illustrated by experiments which showed
that there was much greater absorption of energy by small

pieces of tin-foil than large masses of brass or copper.
—The

capture of Lexell's comet by Jupiter, by the President (Prof.

Darwin). The paper contains a more exact estimation of the

radius of the sphere of Jupiter's influence than that given by
Laplace. If a comet come within this sphere, its orbit will be

seriously transformed by the planet. The radius is estimated

by the principle that at its boundary the effect of the perturbing
force of Jupiter on an orbit round the sun is the same as the

effect of the perturbing force of the sun on an orbit round Jupiter.
The radius comes out to be '058 times the distance of Jupiter
from the sun, Laplace's approximation being '054 times the

same distance.—The change of zero of thermometers, by Mr.
C. T. Heycock, The author described the result of experi-
ments he had made in conjunction with Mr. Neville to overcome
the change in zero which thermometers undergo when heated
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for a long time. The method consisted in boiling the thermo-
meters for eighteen days in baths of either mercury or sulphur ;

at the end of this time the zeros were found to be practically
fixed unless they were exposed to higher temperatures than
those of the substance in which they were boiled. The paper
was illustrated by a curve showing that the change in zero was

very rapid for the first few hours, amounting in a special case to

11° C. for twenty hours' heating, but that afterwards the change
became almost ;/z7as the heating was continued.—The elasticity of
cubic crystals, by Mr. A. E. H. Love.—Changes in the dimensions
of elastic solids due to given systems of forces, by M. C. Chree.

Expressions are found for the mean values of the strains and
stresses in any homogeneous elastic solid, whether asolotropic or

isotropic, under the influence of any given system of bodily and
surface forces. The expressions for the mean values of the

strains, more especially of the dilatation, are employed in deter-

mining the changes in the dimensions of elastic solids in a

variety of special cases. The effects of gravitational and centri-

fugal forces are more particularly considered.—On the law of

distribution of velocities in a system of moving molecules, by
Mr. A. H. Leahy. A short proof is given of the Maxwell law
of distribution based upon the principle that a system of mole-

cules, whose velocities are instantaneously reversed, will return
to its former configuration. The limit which must be put to

the least number of molecules in a gas if th; ordinary assump-
tions of the kinetic theory of gases may be relied upon is also

examined, and a note made on the evidence that a system of
molecules will ultimately attain to a steady state of distribution.

Edinburgh.

Royal Society, March 7.
—Prof. Sir W. Turner, Vice-

President, in the chair.—Prof. Cossar Ewart read a paper on
the cranial nerves of man and Selachians. He compared the
cranial nerves of the skate and shark genus with those of man,
and discussed their probable identity. The facial nerve of the
fish is much more developed than that of any other vertebrate,
but is entirely sensory, while in man it is a motor nerve. In
some mammals, though not in man, there are vestiges of the
lateral sense-organs. These organs occur in the tadpole, but
are practically absent in the fully-developed frog. It would
seem, therefore, that the mammals originally possessed rudi-
ments of these organs, but that these rudiments disappeared as

development proceeded.
March 14.—The Rev. Prof. Flint, Vice-President, in the

chair.—Mr. Robert Irvine read a communication, by Dr. John
Murray and himself, on the changes in the chemical composi-
tion of sea-water associated with marine blue muds. The obser-
vations recorded were made on mud dredged from Granton
Harbour and from the old quarry near Granton.—Dr. John
Murray read a paper, by Mr. Irvine and himself, on marganese
nodules in the marine deposits of the Clyde sea-area. Man-
ganese occurs in great quantities in that area, and this forms a

striking exception to the usual distribution of manganese as

regards depth of water. Dr. Murray, therefore, in a previous
paper on this subject, suggested that the large occurrence of

manganese in the Clyde area had its origin in the waste pro-
ducts discharged into the river from the manufactories at Glas-

gow. During the past year a great many dredgings have been
taken on the west coast of Scotland and in basins to the north of
the Mull of Cantyre, with the result that very little manganese
was found, while, as before, large quantities were obtained in
the Clyde sea-area—so much so that it would almost pay to

dredge it on the Skelmorlie Bank. Dr. Murray's explanation
is therefore strongly confirmed.—Dr. Murray exhibited a speci-
men of extremely pure chalk from Christmas Island (about two
hundred miles from the coast of Java)—Dr. Noel Paton read a

paper on a case of the occurrence of crystalline globulin in

urine.— Prof. Tait read an additional note on the isothermals of
carbonic acid at volumes less than the critical volume.
March 21.—The Hon. Lord M'Laren in the chair.—The

Keith Prize for the period 1889-91 was presented to Mr. R. T.
Omond, Superintendent of the Ben Nevis Observatory, for his
contributions to meteorological science ; and the Makdougall-
Brisbane Prize for 1888-90 was presented to Dr. Ludwig Becker
for his paper on the solar spectrum at medium and low altitudes.—The Astronomer- Royal for Scotland made a further com-
munication on Nova Auriga. The atmospheric conditions
were remarkably favourable for observation until the nth day
of February, when the star was of the fifth magnitude, but since
that time, until the i8th of this month, only occasional observa-
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tions were possible. Between the 8th and the i8th no observa-

tions were obtained, and the star had meanwhile fallen from the
sixth to the ninth magnitude. In the beginning of March it

was fully 130 times as bright as it is at present. The spectrum
is now nearly continuous throughout with traces of bright lines.

Thus Nova Auriga presents closer analogies to Nova Corona
than to Nova Cygni, in which an originally continuous spectrum
with bright lines changed to a discontinuous spectrum presenting

only one bright line close to one of the great nebular lines. One
of the lines in Nova Auriga is very close to this nebular line,

but there is reason to believe that it is due to a substance other
than that which gives the nebular line.—Dr. R. H. Traquair
read a paper on the fossil Selachii of Fife and the Lothians.
Five new species are included.

Glasgovi^

Geological Society, March 10.—Mr. Dugald Bell read a

paper on the alleged submergence in Scotland during the

Glacial epoch, with special reference to the so-called "high-
level shell-bed

"
at Chapelhall, near Airdrie, 512 feet above the

sea. This "bed "had first been brought into notice by Mr.

Smith, of Jordanhill, in a paper to the Geological Society in

1850, and had since been generally accepted as proving a sub-

mergence of the land to at least that extent. Its existence,

however, rested on very imperfect evidence. It was said to

have been found in digging a well near the summit of one of the

high ridges of boulder-clay in the district ;
and was described

as a bed of fine reddish clay, about 2 feet thick, and thinning

away rapidly on all sides, lying in a hollow of the boulder-clay,
which was 14 feet or more in thickness both above and
below it. The well seems to have been built up before Mr.
Smith had an opportunity of examining the section, though he

got soma shells said to have been found in the clay, and which
were all of one species, Tellina calcarea. From that day to

this no geologist had seen the clay, though it had been sought
for all around, and though another well had been sunk within a

few yards of the old one, in the hope of finding it. At the very
utmost, it seems to have been a limited strip or patch of shelly

clay, intercalated in the boulder-ciay, such as had been found in

many other localities, and could not fairly be taken as a

sufficient proof of submergence. The more they were con-

sidered the greater seemed the improbabilities which the theory
of a submergence and re- emergence of the country to this

extent, and at that time, involved. There was not a particle of

corroborative evidence. No shells had been found at a similar

level in other parts of the midland valley, nor in the numerous

side-valleys, where they would be more likely to be preserved
than on this exposed knoll in the centre. None had been
found in the upper boulder-clay, which, if all this valley had
been a sea-bottom before the "second glaciation," should con-

tain abundance of at least shelly fragments. Further, a "mild

interglacial period
" would probably accompany such a sub-

mergence, and this shelly clay was supposed to have been laid

down during such a period ;
but the only species of shells found

in it indicated, not mild, but extremely cold conditions. In

face of all these difficulties, it was suggested that the layer

containing these shells may; have been transported (probably in

a frozen condition) by the ice-sheet, as in many other instances

that were well known. This seemed to be by far the more

probable account of it, and got rid of the complications con-

nected with a first glaciation, a deep submergence, a re-

emergence, and a second glaciation closely resembling the first.

The position of this patch of shelly clay, admittedly in the

track of the old ice-sheet, and in front of an obstruction pre-
sented by the highest rising ground in the district ; the highly
Arctic character of the organisms ; the very colour of the clay (as

reported) being different from the clays of the immediate

neighbourhood,—all favoured this conclusion. This Chapelhall

clay, therefore, he submitted, ought no longer to be cited as a

proof of submergence. An animated discussion followed.

Paris.

Academy of Sciences, March 21.—M. d'Abbadie in the

chair.—A study of the properties of amorphous boron, by M.
H. Moissan. A full account is given of the physical and
chemical properties of pure amorphous boron. The following
conclusions are arrived at by the author :

—Boron combines
more readily with the metalloids than with the metals ;

it has a

great affinity for fluorine, chlorine, oxygen, and sulphur. At a

red heat it displaces silicon and carbon from their oxides. It
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combines with nitrogen directly only at a very high temperature ;

it readily reacts with a large number of salts. Its action on
metallic oxides, easily reduced by carbon, is very violent. (See

p. 522.)
—On the preparation of boron iodide, by M. H.

Moissan.—On the origin of colouring matters in the vine ; the

ampelochroic acids and the autumnal coloration of vegetation,

by M. Arm. Gautier.—Experiments on vascular reflex action,

by M. L. Ranvier.—Contribution to the history of morbid
associations : coexistence of stercorary retention with general
diseases and injuries of the great viscerae, the kidneys in par-

ticular, by M.^ Verneuil.—Surface and population: European
States, by M. Emile Levasseur. The following values have been
taken from the tables given :

—
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MENDEL^EFF'S PRINCIPLES OF
CHEMISTRY.

The Principles of Chemistry. By D. Mendeldeff.

Translated from the Russian (Fifth Edition) by George

Kamensky, and edited by A. J. Greenavvay. Two Vols.

(London : Longmans, Green, and Co., 1891.)

ALL English-speaking chemists will cordially welcome

the appearance of this book, if for no other reason

than because its author in its preparation was led to the

recognition of that fundamental principle of chemistry
with which his name will always be associated—the

principle which is embodied in what is now known as

the periodic law. This fact alone would serve to stamp
the book as one of the classics of chemical science.

But, even apart from this circumstance, the work has

very remarkable, and, indeed, exceptional, merits.

Probably no scientific treatise ever more strikingly re-

flected the personality of its author. We have absolutely

nothing like it in our language. In grasp of principles, in

philosophic breadth, in copiousness of detail, in richness of

speculation and suggestion, it is altogether unique among
chemical manuals. Every true and earnest student of

chemistry is certain to be profoundly influenced by it,

even if he cannot always bring himself to subscribe to its

doctrine. Of course, the facts are, for the most part, those

which are common to all the larger treatises on systematic

chemistry, but these are set out and marshalled in a

manner wholly original. The intent and purpose of the

book is to demonstrate the broad general principles on

which chemistry as a science rests. This, it may be

urged, is the intent and purpose of every chemical treatise.

It may be so, but in many cases the philosophy is lost

sight of—obscured, indeed, by the facts, just as the houses

may obscure the view of the village.

In Mendeleeff's work experimental and practical data

have their place, but only as means to an end, and that

end is as evident on every page as it was in Dalton's

immortal work. Fascinating as the book is, it must

be admitted that it is by no means easy reading ;

and he who wishes to master its contents and to

assimilate its teaching will need to gird up his mental

loins. Part of the difficulty is doubtless due to

the different genius of the languages, but much more

depends upon the impossibility of entering into the

spirit of an author, or of quickly realizing his drift and

meaning, when his whole mode of thought is so very

dissimilar to that which obtains among Western people.

It may be that herein lies part of the peculiar charm of

freshness of the work. The book of the Siberian chemist

is to the ordinary run of text-books what the novels of

Tolstoi or Turgenieff are to the common run of works of

fiction. But there are difficulties of another kind. Prob-

ably no other book in our language
—

certainly no other

chemical treatise—contains such an extraordinary num-

ber of footnotes. There is scarcely a page without a

footnote, and some of the pages are practically little else

than footnotes. The continuity of description or of

argument is constantly being broken, often by a footnote
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extending over several pages, and frequently so diffuse

and involved that, by the time the reader has disposed of

it, the statement in the main text to which it had refer-

ence has been lost sight of, and must needs be picked up

again. Moreover, the repeated interruption is aggra-

vated by the circumstance that these notes are printed

in "
nonpareil small," which adds enormously to the

physical fatigue of reading and studying the work. The

author, indeed, recommends that they should be read

only by the advanced student, or on a second perusal of

the work
;
but we are afraid that no intelligent reader

will follow this advice when once he has begun to dip into

them. They are, in fact, hke the postscripts of ladies'

letters—often more important, more instructive, more

suggestive, and more characteristic, than the main body
of the text. But, in truth, the book is not fitted for a begin-

ner : its proper readers are those for whom the footnotes

are specially intended. It requires, too, to be read with

discrimination. It was said by Davy that analogy is the

fruitful parent of error, and it must be confessed that

Mendeleeff's love of analogy frequently leads him to

generalizations which are more ingenious and suggestive

than intrinsically sound or well grounded.
The translator and the editor have, doubtless, had

difficulties to contend with. They tell us that they

have not considered themselves at liberty to make any

alterations in the matter of the work, and they have

striven to give a literal rendering of it. They have felt

that, on the whole, it would be better to have some in.

elegance of language rather than risk the loss of the exact

shade of the author's meaning. Unfortunately, in too

many instances the translator and his editor have not

gained in precision of meaning what they have lost in

elegance of statement. Thus, for example, on p. 12 we

read :

" The means of collecting and investigating gases were

already known before Lavoisier's time, but he first showed

the real part they [the means or the gases?] played in

the processes," &c.

On p. 19 it is stated :

"
By heating chalk (or else copper carbonate . . . ) we

obtain lime," &c.

Thus, too, on p. 47 :

" In general terms water is called pure when it is clear

and free from insoluble particles held in suspension and

visible to the naked eye, from which it may be freed by
filtration through charcoal, sand, or porous (natural or

artificial) stones, and when it possesses a clean fresh

taste. It depends [what depends?] on the absence of

any tastable, decomposing organic matter, on the

quantity of air and atmospheric gases in solution,

and on the presence of mineral substances to the

amount of about 300 grams per ton (or cubic metre,

or, what is the same, 300 milligrams to a kilogram or

litre of water), and of not more than 100 grams of

organic matter."

Again, on p. 72 we read :

"Although in the majority of cases the solubility of

solids increases with the temperature, yet, just as there

are substances whose volume diminishes with a rise in

temperature (for example, water from 0° to 4"), so there

are not a few solid substances whose solubilities fall on

heating. Glauber's salt, or sodium sulphate, historically

A A
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forms a particularly instructive example of the case in

question. If this salt be taken in an ignited state (!) (de-

prived of its water of crystallization), then its solubility,"
&c.

What, too, is the meaning of the statement on p. 83 ?

'' Under ordinary circumstances the quantity of aqueous
vapour [in the air] is much greater [than what ?], but it

varies with the moisture of the atmosphere."

Presumably, for
" moisture " we are to read "

tempera-
ture." On p. 164, in the description of the experiment of

burning phosphorus in oxygen, it is recommended that

*'the cork closing the vessel should not fit tightly,

otherwise it may fly off with the spoon," That the cork

should fly off with the spoon is contrary to well-established

precedent : if anything is to fly away with the spoon, it

should, of course, be the dish on which the bell-jar is

represented as resting. To say (p. 417) that common
salt containing magnesium chloride "

partially effloresces

in a damp atmosphere" is opposed to fact, and was surely
never so stated by Mendeleeff. Van der Waals's equation
is written :

instead of

(/
+
^)(^-/)

= R(i-'^0,

[p
+

^y^
(z/

-
^) = R(I + a/).

And on the same page we find pr = c{i -f- at), instead of

pv =
c{i + at).

Proper names are frequently wrong. Thus we have
" Van der Waal "

for van der Waals,
" Becker "

for

Becher,
" Brown" for Braun,

" De Haen "
for De Heen,

" Frauenhofer "
for Fraunhofer,

" Personne "
for Person,

" Prout "
for Proust,

"
Ray

"
for Rey,

" Kriitznach "
for

Kreutznach,
"
Wergtesgaden at Salzkammerhutte" for

Berchtesgaden (which is not in the Salzkammergut).
We have taken the pains to compare the English version

with the German translation of Jawein and Thillot in a

number of instances where the meaning is obscure, or

where statements are made which appear to be erroneous,

and in no single instance is the fault to be traced to the

author. We think, too, that the limitation imposed on

the translator and editor by themselves has operated in-

juriously in another way : in cases where subsequent
research should modify or supplement particular state-

ments in the original, it was surely open to them, in the

interests of knowledge, to substitute truth for error.

Thus we know from the work of Winkler and Hempel
the conditions under which exact determinations of

oxygen by means of alkaline pyrogallol can be made
;

we know, too, that atmospheric ammonia and nitric acid

are not by any means the main sources of the supply of

nitrogen to plants ; ammonium chloride is not now

usually prepared by sublimation. The statement of the

principle of Kjeldahl's method, given on p. 246, is in-

accurate : the radicle ammonium has not been obtained,
nor is the old view of the nature of the so-called "am-
monium amalgam

"
any longer tenable, nor is there

any direct proof of the existence of ammonium hydrate.

Flagstone, at least in this country, is not a form of car-

bonate of lime : it is usually a fine-grained micaceous

sandstone. The apparatus employed by Cavendish in

his memorable synthesis of water in no wise resembled
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that described and figured on p. 167 ; thanks to the

symbol adopted by the publishing Society which
bore his name, it seems now well-nigh impossible
to get rid of the belief that the pear-shaped stop-

pered eudiometer was devised and used by him in

the course of his investigation : as a matter of fact,

the explosions were made in a simple Volta tube. With

respect to the illustrations in general, we think that the

majority of them could well have been spared ; all of

them have done duty in other works, and many of them
are calculated to give an erroneous impression of the

thing sought to be represented. Thus the coke-tower

figured on p. 443 resembles nothing actually used
; Fig.

60, which is stated to be a Davy lamp, is either a Mueseler
or a Clanny lamp ; Fig. 47 does not illustrate the method
of preparing nitric acid employed in this country, nor

does Fig. 93 represent a modern blast-furnace. The only

figure of a zinc-furnace given is that of the practically
obsolete per descenstim method.

We have been constrained to point out these blemishes
not in any hypercritical spirit, but solely because of our

wish that Mendeldeff's great work should have been

given to English and American readers in as perfect a

form as possible. The blemishes, after all, are only as

the spots on the sun. It is a great boon to get the book
even as it is, for no thoughtful reader can fail to be

quickened and animated by its fruitful and suggestive

pages.

T. E. T.

THE LIGATION OF THE GREAT ARTERIES.
A Treatise on the Ligation of the Great Arteries in con-

tinuity, with Observations on the Nature, Progress,
and Treatment of Ai\eurism. By Charles A. Ballance,

M.B., M.S. Lond., F.R.C.S., and Walter Edmunds,
M.A., M.C. Cantab., F.R.C.S. (London : Macmillan
and Co., 1891.)

THIS
work is the result of investigations carried out by

the authors during the last seven years, and contains

the results of long and careful study. The authors were

evidently desirous of getting to the bottom of their sub-

ject, and in their endeavours to do so, have used every
method of research at their disposal.

The first chapter is devoted to a short account of

haemorrhage in man, and contains valuable statistics as

to the results of the ligature of the main arteries. This

part will, of course, prove of the greatest interest to the

pure surgeon. The second chapter contains a paragraph
on the necessity of experiments on animals for the pur-

pose of studying the mechanism of haemorrhage ; this

paragraph might well have been omitted in a book written

for the professional and scientific public, who are already
convinced of the necessity of pathological experiments if

pathology is to make any advance at all. The greater

part of this chapter, however, is full of valuable facts

concerning the occurrence of the disease of arteries in

animals
;

whilst in the third chapter the structure of

arteries is described, and, in this connection, the experi-

ments made by the authors on the longitudinal tension of

arteries require special mention.

Physiological occlusion and pathological obliteration of
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irteries are discussed in the next two chapters, and the

luthors point out that in physiological occlusion, Nature

does not think it necessary to rupture the two inner coats

Df the artery, and that she does not divide the artery to

reduce the longitudinal tension. In pathological oblitera-

tions, likewise, the rupture of the coats is by no means

essential to occlusion, and, the coats not being ruptured,

haemorrhage does not occur.

In 1889, Messrs. Ballance and Sherrington published

in the Journal of Physiology a valuable paper on the

formation of scar-tissue, which has been practically

re-copied into this book. The authors have made use for

their experiment of Ziegler's method of placing glass-

chambers under the skin of animals, and examining their

contents at various intervals after their introduction.

Messrs. Ballance and Sherrington have been unable to

trace the development of the so-called plasma-cells from

the ordinary cell forms of blood and lymph, and incline

towards the opinion that plasma-cells are derived from

the connective-tissue elements, and ultimately develop
into fibrous tissue.

I cannot help thinking that Ziegler's method is by no

means satisfactory when the object in view is to study

the formation of cicatricial tissue ; for in such investiga-

tions the most important point is th^t all the tissues to be

examined should be removed intact, and examined after

fixation. It is impossible to do this with glass-plates,

but satisfactory results may be obtained by introducing

soft material, such as filter-paper. The surrounding

tissues and the paper can then be removed, and serial

sections made through the whole. The examination of

preparations made in this way make it doubtful whether

Messrs. Ballance and Sherrington's views are correct, and

would rather lead me to believe that the plasma-cells are

originally derived from leucocytes.

Messrs. Ballance and Edmunds proceed to investigate

the conduct and fate of the coats and of the ligature, and

it is clear that they have taken immense trouble in ascer-

taining, by experiments on animals, howquic ly a ligature

becomes absorbed after being applied. Numerous and

beautifully-executed plates, show the microscopical and

macroscopical appearances of ligatures made of tendon,

silk, floss silk, silkworm gut, &c., at varying intervals

after their application to blood-vessels in man and

animals
;

whilst special chapters are devoted to the

ligature, of the knot, of the force used in the tying, &c.

It may be noticed that the authors describe a new form

of knot, which they recommend, and to which they give

the name of stay-knot, whilst the old-fashioned reef-knot

is entirely discarded. Moreover, the authors condemn in

no uncertam terms the practice of rupturing the coats of

arteries during, and the division of vessels after, ligature—
points of the greatest practical importance.
The other chapters on the operation and the fate of

the patient are of clinical interest chiefly ;
but special

mention should be made of excellent chapters on sup-

puration occurring after ligation, and on the pathology of

haemorrhage, as well as of the full account of the experi-

mental investigations made by Messrs. Ballance and

Edmunds. It is only right to mention that most of the

experiments were made at the Brown Institution.

The book is beautifully printed, and profusely illustrated

with ID plates and 232 figures. It will be widely read
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by all surgeons, histologists and pathologists, and forms

a most valuable addition to surgical and pathological
science.

M. Armand Ruffer.

OUR BOOK SHELF.

Precious Stones and Gems : their History, Sources, and
Characteristics. By Edwin W. Streeter, F.R.G.S.,
M.A.I. Fifth Edition. (London : George Bell and Sons,

1892.)

Books dealing with the fascinating subject of precious
stones naturally fall into three classes—mineralogical
treatises, archaeological essays, and works adapted for

experts and commercial men. Among the last class, the

well-known work above cited, which has now reached a

fifth edition, takes a prominent place. The enterprise
and energy of the author in seeking out and developing
new sources of ornamental stones is well known, and

many of the facts contained in the present volume have
been collected or verified by Mr. Streeter himself, by his

sons, or by their agents. The chapters, which in earlier

volumes were devoted to the description of famous dia-

monds, and to pearls and pearl-fishing, are now omitted,
these subjects having been dealt with in separate books
from the author's pen, the space thus obtained being
devoted to an account of the Ruby Mines of Burma, the

sources of sapphire in Siam and Montana, and those of

the emerald in Egypt. In all these cases Mr. Streeter s

agents have taken an active part in the work of exploring
the districts, and he is able to furnish much information

not hitherto available to the public. While the com-
mercial aspects of these gem-stone localities naturally
receive the greatest amount of attention, it is only fair to

the author to point out that much care has evidently been
exercised in order to prevent the creeping in of those

errors on scientific points which too often disfigure works
of this class. The author acknowledges in his preface
the assistance which he has received from Mr. Rudler,
the Curator of the Jermyn Street Museum, in dealing with

scientific questions. The new edition, like its predeces-

sors, is admirably got up and well illustrated.

Air and Water. By Vivian B. Lewes, F.I.C., F.C.S.,
Professor of Chemistry, Royal Naval College, Green-

wich, &c. (London : Methuen and Co., 1892.)

This little book is one issued in connection with a series of

University Extension manuals. The author may be con-

gratulated upon the selection of his subject, which is one
of those capable of being adequately treated in a course

of a dozen lectures ;
and he has been no less happy in his

treatment of it, for by following the historical method he
has succeeded in maintaining the interest of his readers,
while he fairly covers the whole ground with which an

elementary treatise on this topic may be expected to deal.

The story of the researches of Galileo, Torricelli, and

Pascal, of Priestley, Cavendish, and Lavoisier, is followed

by an admirable resume of the latest achievements of

chemical science, and this in turn by a clear statement of

the problems involved in the maintenance of proper sup-

plies of fresh air and pure water. The warmest votaries

of other branches of science will not quarrel with our

author when, in his enthusiasm, he declares chemistry to

be the " most beautiful of the sciences
"

; possibly, how-

ever, some may demur to the statements in the following

passage :

"
Although the amount of oxygen present in the

air amounts to 1,233,010 billions of tons, still it is only
one two-millionth of the total oxygen, and had not this

small fraction been left over in the creation of the world,
neither animal nor vegetable life could have existed." The
author must hold very decided views as to how far down
extends that condition of oxidation which is so constantly
found at the earth's surface.
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LETTERS TO THE EDITOR.

\The Editor does not hold hitnself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of^ K'YV&.tl.

No notice is taken of anonymous communications. ]

Ornithology of the Sandwich Isles.

It is easy to make assertions which, however improbable, it

is not easy to disprove. I would therefore invite Mr. Albert F.

Calvert to furnish documentary evidence of those he has ad-

vanced {stipra, p. 485). They do not indeed materially affect what
I had said ; yet, for the sake of accuracy, it might be as well to

know on what foundation they rest. Those who are interested

in the growth of ideas will be pleased to find that Sir Joseph
Banks was so far in advance of his time as, on his return from

his voyage with Captain Cook, which ended in 1771, to have

"several cases of birds carefully mounted and arranged ac-

cording to the localities in which they were collected
"

; and,

among them, a "group of land birds from Owhyhee
"—an

island which Cook did not discover until 1778
—or seven years

later. As these assertions alone concern the subject on which
I wrote, I refrain at present from offering any remarks on the

others
;
but your correspondent seems to have been the victim of

a delusion or something worse. Alfred Newton.

I OBSERVE in Nature (p. 485) a letter from Mr. Albert F.

Calvert, in which he states that certain cases of birds, which
were collected by Sir Josrph Banks during his voyage in the
Endeavour with Captain Cook,

' ' were in the custody of the

Linnean Society of London until 1863, when they formed part
of their natural history sale."

This is not the fact. The birds belonging to Sir Joseph
Banks were never in the possession of this Society. It is true

that the Society at one time possessed the insects and shells

which formed part of the Banksian collections, and these in

1863 were presented, not sold, to the Trustees of the British

Museum. Had there been any birds, they would doubtless

also have been presented at the same time.

Where, then, did the cases, which Mr. Albert F. Calvert says
are still "carefully preserved in the museum of his ancestor

Mr. John Calvert," come from ? Certainly not from the Linnean

Society. In view of Prof. Newton's valuable communication
to Nature (March 17, pp. 465-69), it is of importance that this

inquiry should be answered, and a list furnished of the species
contained in these cases, the reported existence of which will

agreeably surprise ornithologists.
As Mr. A. F. Calvert has disclosed a source of information

likely to be useful, perhaps he may be able to answer another

question.
In i860 the late Mr, J. D. Salmon, a well-known oologist,

bequeathed to the Linnean Society a valuable collection of birds'

eggs. This collection was known to contain the eggs of many
British birds which were then becoming scarce, and have since
become still rarer, if not quite extinct as breeding species ;

such, for example, as the golden eagle, osprey, kite, buzzard,
honey buzzard, raven, chough, dotterel ; and amongst some of
the rarer species not found breeding in Great Britain, the spotted
eagle, gerfalcon, black kite, rough-legged buzzard, Lapp owl,
&c., and, above all, an egg of the great auk {Alca impennis), the
value of which alone would almost equal that of all the other

eggs in the collection.

I am informed that on the death of Mr. Salmon this collec-

tion was intrusted by his executors, for the purpose of being
catalogued, to someone known to Mr. A. F. Calvert's ancestor ;

and by some accident, when it came to be handed over to the
Linnean Society, the egg of the great auk was (some time after-

wards) found to be missing, as also the eggs of certain species
above mentioned, with several others that might be named.

Possibly they may have been removed at the time for safe

custody, and were forgotten to be returned when the collection

was deposited in its present resting-place.

Perhaps Mr. A. F. Calvert will say whether by chance these

eggs (like the Banksian birds) have been "carefully preserved in

the museum of his ancestor." If so, I presume that, on proof of

the bequest of the collection to the Linnean Society, and proper
identification of the eggs by their nuTibers, initials, or other
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marks, Mr. A. F. Calvert would be willing (on behalf of his

ancestor) to restore them to the cabinet from which they have
\

been so long missing. J. E. Harting.
Linnean Society, Burlington House, March 28.

Poincare's Thermodynamics.
It is clear that I was justified in attributing the gist of M.

Poincare's first letter to his not having sufficiently read my
notice of his book. He has not even yet fully apprehended
the bearings of that notice, as a few words will show. Far
from being unable to uphold any one of my critical remarks, as

M. Poincare is pleased to hint may be the case, I reassert every
one of them, and could easily add to their number.

Let us begin with the particular item of my criticism which
M. Poincare persists in regarding as the most important. My
words were:—"in his assumed capacity [of pure analyst] he

quite naturally looks with indifference, if not with absolute

contempt, on the work of the lowly experimenter." As an
illustration of this I instanced M. Poincare's ignoration of the

thermo-electric researches of Sir W. Thomson, Magnus, &c.

Then I quoted (in full) two of his remarks on the "Thomson
effect." In the first of these he used the very peculiar phrase

"
Sir W. Thomson admet qu'il existe une force &c.":—

and in the second he said

"si I'effet Thomson a puetre mis en evidence par I'experience,
on n'a pu jusqu'ici constater Vexistence des forces electromotrices

qui lui donnent naissance."

To these he has, in his recent letters, added other like state-

ments. Now, as I understand the matter. Lord Kelvin proved
(which, as I take it, means a good deal more than might be

implied by "constater ") the existence of the electromotive force

which depends on the so-called "Thomson effect" (giving
also thereby the means of measuring its amount) by showing
that the Peltier electromotive force does not in general fully
account for the observed current in a thermo-electric circuit,

and may even be directly opposed to it ; while no other source

of electromotive force can exist save the gradation of tempera-
ture in one or both of the metals. He then proceeded, by
experiment, to measure the amount of the " Thomson effect

"

for unit current in various metals, unequally heated. When
the passages above quoted from M. Poincare's work are com-

pared with the facts just stated, my comments on them will be

seen to be fully justified.
It is necessary to add that I made no reference ivhatever to M.

Poincare's distinctions between "true" and "apparent"
electromotive force :

—
simply because I regard these, along

with many other celebrated terms such as "disgregation" &c.,
as mere empty names employed to conceal our present

ignorance.
As to the three chief objections I made to the work of M.

Poincare, every one (author, critic, or onlooker) is entitled to

form and express his opinion. I need not restate mine, though
I continue to adhere to every word of it :

—but I may make the

following additional remarks on these objections severally.
1. What sort of title to completeness can be claimed for a

Treatise, on Thermodynamics, in which no mention is made of

the grand principle of Dissipation of Energy ;
nor of Thermo-

dynamic Motivity, "that possession the waste of which is called

Dissipation
"

?

2. With regard to the measurement of Absolute Tempera-
ture, what I did say was that the experiments of Joule and

Thomson, which justified them in basing it on Carnot's Func-

tion, were not mentioned by M. Poincare in this connection.

The omission by M. Poincare of the italicized words makes an

absolutely vital change in the meaning of my statement ; and
enables him to make what, (at first sight only), appears to be an
answer to it.

3. As regards the foundation of the Second Law, it is

unfortunately clear that M. Poincare and I must continue to

differ :
—so that further discussion of this point would be un-

profitable. For I presume that M. Poincare has not formed his

opinion without careful study of all that Clerk-Maxwell said on
the point :

—so that even a perusal of Lord Kelvin's latest paper
{Fortnightly Reviav, March 1892) is not likely to induce him
to change it. P. G. T,

261^,192.

M. Poincare and Maxwell.
In his recent treatise on "

Electricite et Optique," M. Poincare

professes to give a description of Maxwell's theories of electro-
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magnetic actions. M. Poincare appears to think that Mossotti's

theory is consistent with and differs but little from Maxwell's. On
this Maxwell says {§62):

—"The theory ofdirect action at adistance

is mathematically identical with that of action by means of a

medium . . . provided suitable hypotheses be introduced when any
difficulty occurs. Thus Mossotti has deduced the mathematical

theory of dielectrics from the ordinary theory of attraction."

Maxwell anyway repudiated Mossotti's theory. M. Poincare

introduces a "
fluide inducteur

"
as the name of a thing displaced

in the dielectric, when what Maxwell calls electric displacement
occurs. This is all very well. It is anyway not inconsistent

with Maxwell, even though Maxwell says distinctly that he does
not know what the change of structure is like which he calls

electric displacement. It might be a bending or twisting or

lots of things, but M. Poincare is partially justified in fixing the

idea thus. He calls this
"

fluide inducteur" elastic, though at

the same time he calls it incompressible. It is not quite clear

what "fluide" means here. M. Poincare certainly observes
that the elasticity of the "fluide inducteur" is quite different

from that of material bodies, and in fact acknowledges that it is

such as can hardly be fairly attributed to an incompressible fluid.

Indeed, how can an incompressible fluid be elastic at all?

There must be something besides the fluid ; there must be some
structure fixed in space which offers an elastic reaction to the

fluid when driven past it, or else there must be the two liquids
he objects to that are driven past one another. It is hardly a
fair representation to talk of an elastic incompressible fluid, and
then to invent difficultie-, when the phenomena could not con-

fessedly l)e represented by any such thing, but only by a fluid

with some other mechanism superadded.
M. Poincare's statement, "La methode precedente n'est pas

la seule que Ton puisse employer pour deduire de la theorie de
Maxwell les lois de la distribution electrique," coupled with his

further statement of " une autre methode . . . sans supposer
I'existence de ce fluide," seems at variance with his implication
that this elastic incompressible fluid is part of or involved in

Maxwell's theory.
This leads to the question of how far Mossotti's theory can

fairly be considered as a substitution for or as a development of
Maxwell's. It does not in any real sense get over action at a
distance. There are the honid old electrical charges acting

upon one another across a space full of some non-conducting
medium. This is practically no advance as far as a theory of

electrical action is concerned. It is an advance no doubt as far

as the behaviour of the medium is concerned, inasmuch as it

enables a time propagation through space to occur ; but as a

theory of electric action it is a distinctly retrograde step on
Maxwell's scientific position that he did not know what was the
structure of the ether.

M. Poincare proceeds to criticize Faraday's theory of the

stresses in the dielectric, which he attributes to Maxwell. He
begins by suggesting that the forces should have been explicable

by the elasticity of the inductive fluid, in the same way as

mechanical forces are due to the elasticity of matter. He
has in this quite forgotten that what he calls the elasticity
of this fluid, is not a bit like the elasticity of any matter,
and would require either a second fluid, which he rejects,
or some structure other than the fluid, to explain its pro-

perties. Granting such an additional structure, then the elastic

energy of the medium, fluid and structure combined, does exactly

explain the motions of conductors. Nobody has explained
exactly how conductors differ from non-conducting space in

structure, and can or do move, and this is not a bit clearer on
Mossotti's hypothesis than on any other, not even when the

non-conducting diaphragms are made infinitely thin. Maxwell

long ago pointed out that no linear system of stress could leave

a medium in equilibrium and move bodies immersed in it ; and

yet M. Poincare criticizes Faraday's system because it is not

linear ; and this after remarking himself that the elasticity pos-
tulated already was not a bit like that of matter. All that is

necessary is some assumption as to the connection between the

conducting matter and the dielectric, for the "
fluide inducteur

"

by hypothesis has elastic properties that make it the seat of the

right amount of potential energy ; and all that can possibly be

necessary is to connect the matter with it in such a way that the

energy of the medium lost when the conductor moves is given

up to the conductor. M. Poincare has again omitted to re-

member that the peculiar elasticity of the " fluide inducteur
"

necessitates some structure with which it is connected, and
the Faraday stress may be in this structure, and due to its con-

nection with the "fluide inducteur," and not at all due to

another fluid with peculiar properties. If the stresses are due to

the connections of the "fluide inducteur" there is no great

difficulty in supposing them proportional to the squares of the

displacements of the "fluide inducteur," just as the increased
tension of a stretched horizontal string due to a small weight at

its centre is proportional to the square of this weight. In fact,

a suggested model working upon this sort of principle has been

published as illustrating this very point, and Dr. Lodge's model
ethers, in the first part of his

" Modern Views," are all of this

kind.

M. Poincare proceeds to find "une difficulte plus grave."
He creates this by assuming that the energy of the medium is all

due to the work done by these mechanical stresses deforming it.

This is a most gratuitous assumption. Take the case of the

stretched string with the weight on it. The increased energy
of the system is not due only to the work done by the increased

tension. At last he confesses, however, that it the energy in

the dielectric be kinetic and not potential these difficulties would

disappear. "Mais on ne peut encore adopter cette interpreta-
tion de la pensee de Maxwell sans se heurter a de grandes
difficultes." And why? Merely because Maxwell afterwards

calls the electric energy potential while he calls the magnetic
energy kinetic. Has M. Poincare forgotten that potential

energy may in any case be the kinetic energy of an associated

system ? or can he not imagine two modes of motion of the

same medium ? Anyway, if the potential energy may be the

kinetic energy of an associated system, and if M. Poincare's

difficulties are inapplicable to a kinetic explanation of the

phenomena, it se ms impossible but that they are really inapplic-
able to a potential system if this system be judiciously devised.

It is just here that M. Poincare fails. He revels in elastic fluids,

and yet he continually harps upon the same difficulty
—namely,

"How can an incompressible liquid be elastic at all?"—and
instead of once for all solving this by acknowledging that there

must be some structure, he reverts to it as if it were a new diffi-

culty whenever he comes across its consequences.
As a mere mathematical work the book is admirable and clear,

if a little prolix. Geo. Fras. FitzGerald.

Trinity College, Dublin, March 24.

Prof. Burnside's Paper on the Partition of Energy,
R.S.E., July 1887.

In his criticism on a paper of mine on the partition of energy
in a set of non-homogeneous spheres (Nature, March 31, p.

512), Mr. Watson says that the conclusions are vitiated owing
to my having omitted to introduce the frequency factor of

collisions before proceeding to take the averages. This is not

exactly accurate, since a frequency factor is introduced, viz.

the relative speed of the centres of inertia of the impinging
spheres parallel to the line of impact.

In the spring of 1888 Prof. Boltzmann published a criticism

of the same paper in the Sitzungsberichte of the Vienna Academy,
in which he contended that the correct frequency factor should

be the relative speed of the points of impact of the spheres

parallel to the line of impact ;
and in which he showed that the

result of averaging with this frequency factor is to make the

mean rotational energy equal to the mean energy of translation.

Had I been entirely satisfied at the time of the cogency of Prof.

Boltzmann's reasoning, I should, of course, have published a

short note calling attention to the correction he proposed to

make ; and I regret now that this was not done, as it would have

prevented the waste of a certain amount of valuable lime and
trouble. W. Burnside.

Royal Naval College, Greenwich, April I.

Dr. Watson has shown in his letter to Nature of March 31

(p. 512) how the general methods of Maxwell and Boltzmann

may be applied to the particular problem discussed by Prof.

Burnside. He has also pointed out an error in Burnside's reason-

ing
—namely, the non-introduction of the factor ti - \5 + c-ar,

whereby Burnside's conclusions at variance with the Maxwell-
Boltzmann law of partition of energy are vitiated.

You may, perhaps, allow me space to point out a little more

precisely in what, as appears to me, the error consists. Burn-

side has to find the average value of the expression
—

{u-\] + cw) !2xr
- c(K -f i') (u

-
U)}

(see p. 503). Now, we may take averages in two ways :
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(1) as above noticed for all collisions by introducing the

factor M - U + f-nr to denote frequency of collision ; or

(2) for all spheres as they exist at a given instant. Now,
Prof. Burnside has calculated the average rotation energy

by method (2), which gives sAco- = -. But when he comes to

the translation energy, he takes the result {u
-

U)'^
=

^
from

Prof. Tait, not observing, I think, that that result is given by
Tait as the average for all collisions per unit time. And then,

I 2
equating two inconsistent things, he gets the conclusion t = tj

or the mean energy of rotation is twice that of translation.

To be consistent, he should have given the mean of («
- U)^

for all pairs of spheres—that is, ti^ + U'-* =
^.

And so his resuU

should have been - = -, agreeing with Maxwell.
k h

It may be interesting to see what would have been the result

of introducing the factor 2< - U + (^w to denote frequency of

collision. The expression whose average is required would

then be—
(m

- U + fTr)2{2i!r
- f(K + k){u- U)}.

As the frequency factor u - Xi + c-m must be always positive,

we must integrate between the limits U=+ooto U = -oo,
and « = + 00 to M = U - ^-w. After integration, we reject odd

powers of isr.

I have worked it out to the first power of c, rejecting c", &c.

We have, in that case, to evaluate—

f/ 27st{ii
-
\5Y-+\C'nr{u

- U)

U-cC
- f(K + /&)(« -U)3} 6

hu"
,

^''^" dud\].

The first term gives zero. The second term gives
- -—

, and

the third term gives '^—^—
,

'

. From which, "on substitution,

and integrating for w, Ci, &c., from 00 to -
00, we easily obtain

/'j
=

k.2
= &c. =; h.

To extend the process to cases in which c^, &c., cannot be

neglected, would be difficult. But I think the onus probandi
now lies on the other side. S. II. BURBUKY.

Double Orange.

On a blood orange being cut open by my little daughter yes-

terday, a small orange was found inside, which, although no

larger than a hazel-nut, was yet perfect in form and colour. It

showed no point of difference, other than that of size, as com-

pared with the parent orange, and there was nothing in the

appearance of the uncut fruit suggestive of the miniature of itself

carried within. My sole right to write upon this subject is one

you have always recognized in your journal, viz. that to record

. an interesting fact. Gerai.d B. Francis.

Katrine, Surbiton.

METALS AT HIGH TEMPERATURES}

I
PROPOSE this evening to consider, first, the methods
of measuring high temperatures, and, second, to

describe certain effects they produce on metals.

Geber, writing in the eighth century, gives directions

for obtaining high temperatures, but points to the dif-

ficulties that arise in practice, "because fire is not a thing
which can be measured,

' sed quotiiam non est res ignis,

qua mensurari possit.^
" ^ It is not sufficient to attain

I A Lecture delivered at the Royal Institution by Prof. W. C. Roberts-

Austen, C.B., F.R.S., on Friday evenin?, February 5, 1892.
^ From the edition of his

" Summa Perfectionis Magisterii,"
lished in Venice, 1542.

lagisterii," p. 28, pub-
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temperatures that are known to be high ; it is necessary,
for the purpose of modern investigation, to measure them
with accuracy ;

and few of the early chemists in this

country did more in affording a basis for the study of

metals at high temperatures than Robert Boyle, the

application of whose well-known law to solutions of metals

in each other has been made evident by recent work.

The 30th of December last was the third centenary of his

death
;

it is well, therefore, that this lecture should begin
with a tribute to his memory. He suggested improve-
ments in the ordinary mercurial thermometer,^ constructed

what would appear to be the first air thermometer with

an index
;
and although he did not do much for thermo-

metry at high temperatures, he appears to have been

struck by what must have been a quaint device for

regulating high temperatures, for he points out that
" the

great mechanic, Cornelius Drebel ^ made an automatous
musical instrument and a furnace which he could regu-
late to any degree of heat by means of the same instru-

ment." He indicates various degrees of intensity of

heat by reference to the colour of a glowing mass of

fuel, and says that,^
"
tho' we vulgarly say in English,

' a thing is red hot,' to express a superlative degree of

heat, yet, at the forges and furnaces of artificers, by a

white heat they understand a further degree of ignition

than by a red one." It is not a little strange that for

three centuries after his death the same vague ex-

pressions have constantly been used in describing high

temperatures.
A great step in advance was made in 1701 by Sir Isaac

Newton,* who applied the law of cooling to the measure-

ment of temperatures beyond the range of the mercurial

thermometer, and in the notes which accompany his
" Scala graduum caloris

" he showed that he knew that

the freezing-point of lead differs slightly from its melting-

point.

Eighty years later, JosiahWedgewood (1782),=' aided by
one of my predecessors, Mr. Alchorne, Assay Master of

the Mint, determined a few melting-points of metals, and,
in communicating a description of his

" thermometer for

measuring the higher degrees of heat "
to the Royal

Society, we find him, one thousand years after Geber
had said that "

fire cannot be measured," still lamenting
the want of suitable instruments, saying :

" How much
it is to be wished that the authors [to whom he refers] had
been able to convey to us a measure of the heat made use

of in their valuable processes ;
. . . a red heat, a bright

red, and a white heat are," Wedgewood adds,
"
indeter-

minate expressions, and even though the three stages are

sufficiently distinct from each other, they are of too great

latitude, and pass into each other by numerous gradations
which can neither be expressed in words nor discriminated

by the eye." Another ninety years brings us to the last

time that the measurements of high temperatures forrned

the subject of a Friday evening discourse in this Institu-

tion. On March i, 1872, the late Sir William Siemens
addressed you on the measurement of "heat by electri-

city" ;

^
and, speaking of the mercurial thermometer, said :

" When we ascend the scale of intensity we soon approach
a point at which mercury boils, and from that point up-
wards we are left without a reliable guide, and the result

is that we find, in scientific books on chemical processes,
statements to the effect that such and such a reaction

takes place at a '
dull red, such another at a '

bright red,'

or a '

cherry red,' or a ' white heat '—
expressions which

remind one," he adds,
" of the days of alchemy rather

than of chemical science at the present day."

'
Boyle's Works, Shaw's edition, vol. i. p. 575, 1738.

2 Cornelius vanDrebel, 1572-1634, loc. cit. vol. iii. p. 38, 1738.
3 Loc. cit., vol. ii p. 28.
* Phil. Trans. Roy. See, vol. xxii. p. 824.
5 Ibid. vol. Ixxii. p. 305.
6 Roy. Inst. Proc, vol. vi. p. 438, 1872.
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It is not a little singular that the same lament should

have been uttered, with so long an interval between, by
two prominent technical men, and it suggests that but

little experimental work had been done in the meantime
with a view to the measurement of high temperatures.
This is, however, far from being the case. A vast amount
of work was done by physicists and metallurgists whose
chief masters were "

indefatigable labour, the closest

inspection, and hands that were not afraid of the black-

ness of charcoal" ;
and their more noteworthy efforts were

based on the employment of the air thermometer, in

which the expansion of air replaces the expansion of the

mercury in the ordinary thermometer, the bulb being of

some fire-resisting material. ^ F'or this purpose, Princep

(1827) used a bulb of gold, Pouillet (1836) one of platinum,
and finally, Deville and Troost, in a truly splendid series

of investigations, adopted bulbs of porcelain, with iodine

vapour as the elastic fluid. They ultimately reverted to

the use of air.

You will remember that old mercurial thermometers
had much information, supposed to be useful, engraven
on their scales, and such statements as " water freezes,"
" water boils,"

" blood heat,"
"
fever heat,"

" summer
heat," were considered indispensable. It is by exposure
to known temperatures that a thermoscope can be con-

verted into a pyrometer for measuring intense heat ;
and

the air or gas thermometer has, in the hands of Deville

and Troost, rendered excellent service by enabling such

gradations to be effected. The gas thermometer is not,
in itself, a handy appliance, for it requires much sub-

sidiary apparatus, and elaborate corrections of various

kinds have to be introduced into the numerical data it

affords ;
but it has given many fixed temperatures

—such
as melting-points and boiling-points of elements, and of

compounds—which may safely be made use of in graduating

pyrometers. P'or very high temperatures, 900° C. and

over, we rely on the excellent work of M. Violle- on the

specific heats of platinum, silver, gold, palladium, and

iridium, which have enabled the melting-points of the

respective metals to be calculated.

The determinations of temperatures between 300'' and

1000", which are now generally accepted, also rest upon
data accumulated by the aid of the air thermometer,
which has thus enabled the graduation to be effected of

instruments widely differing from it, that can be trusted

to give rapid and accurate indications in daily use. I

can only bring before you two of the many kinds which
have been devised

; they are, however, by far the best

that are available, and for the determination of tem-

peratures up to the melting-point of platinum, leave little

to be desired—
(i) A pyrometer which depends on the increase in the

resistance of a heated conductor through which a divided

electrical current is passing ;
and

(2) One in which the strength of an electric current,

generated by the heating of a thermo-junction, is used as

a measure of the heat applied to the thermo-junction.
The principle of the electrical resistance pyrometer

was indicated by Sir William Siemens (" Collected

Papers," vol. ii. "Electricity," p. 84, 1889) in a letter

addressed to Dr. Tyndall, dated December i860, and the

nature of the instrument may be made clear by the ac-

companying diagram. Fig. 1. A divided current passes
from the battery B, to a platinum wire, C, coiled round a

clay cylinder, and to a resistance cbil, R. At the ordinary

temperature the resistance of the platinum coil is balanced

by the standard resistance R. If, however, the platinum
coil be heated, its resistance will be increased, and, this

increase of resistance, which can be measured in various

ways, indicates the temperature of the coil C. The coil

itself may be adequately protected and exposed to tem-

» See the excellent bibliography given by C. Barus, Bull. Geological Survey,

U.S.A., No. 54, 1889.
^

Cjoinptes rendus, vol. Ixxxix. p. 702, 1879; vol. xcii. p. 866, 18S1.
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peratures which have been determined by the air thermo-
meter ; the deflection of a suitable (differential) galvano-
meter, G, will then indicate temperatures directly. For

instance, the temperature at which zinc boils has been

accurately fixed at 940° C, and if the coil is heated in the

vapour of boiling zinc, the angle through which the

galvanometer mirror is deflected marks the temperature
of 940° C.

Fig. I.

The Report of a British Association Committee showed
in 1874 that the instrument is liable to changes of zero,

but Mr. H. L. Callendar has recently (1887) restored

confidence in the method which had been shaken by the

Committee. He has proved that if sufficiently pure pla-

tinum wire be used, and if the wire be carefully anne?led

and protected from strain and contamination,* resistance

pyrometers may be made practically free from changes of

zero even when used at temperatures as high as 1000" C.

He attributes the changes of zero to which the Siemens

pyrometers are liable to the action on the wire of the clay

cylinder on which itis wound, and of the iron tube in which

it is inclosed. As the result of his experiments he has intro-

duced certain modifications, which render the instrument

not only trustworthy but very sensitive. He winds the

platinum wire on a thin plate of mica, and incloses it in

a doubly glazed tube of hard porcelain. He uses the zero

method of measuring the resistance
;
but for these and

other details of manipulation his own very interesting

papers must be consulted. 1 will only add that I have

had the pleasure of working with him in the Mint Labora-

tory, and I am satisfied that at temperatures about 1000''

the comparative results afforded by his method are accu-

rate to the tenth of a degree, a result which would certainly

have been deemed impossible a year or two ago."

The necessity for working with small volumes of fused

metals, into which the tube of Callendar's pyrometer could

not be plunged, has led me to prefer to adopt a method
that would be classified under the second heading I have

given. A very small thermo-junction may, in fact, be

employed in such cases. The use of thermo-junctions for

measuring high temperatures appears to have been sug-

' Phil. Trans. Roy. Soc. vul.i78 (1887). A, pp. 161-230, and vol. 182 (1891),

A, pp. 119-157; Phil. Mag. vol. xxxii. July 1891, p. 104, and vol. xxxiii.

Feb. 1892, p. 220.
^ As this statement has been received with some surprise, it may be as

well to state briefly how this degree of accuracy and sensitiveness is attained.

The resistance-box is compensated for changes of temperature, and changes
of resistance in the wires leading to the pyrometer are automatically elimi-

nated. The resistance itself is measured by a modification of the well-known

Carey-Foster method. The balancing resistance of the Wheatst pe bridge

employed, is composed partly of resistance coils and partly of a bridge-wire

along which a contact key slides. The resistance of a centimetre of this

wire is made to correspond to the increase of resistance of the pyrometer

produced by a rise of 1° C. The galvanometer can easily be made sensitive

to one-himdreth of a centimetre of this bridge-wire, so that one-tenth of a

centimetre, which corresponds to one-tenth of a degree, can, of course, be

measured with certainty.
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gested in 1826 by Becquerel, and adopted by Pouillet in

1836/ who advocates the use of iron in conjunction with

platinum ;
but of all the varied combinations of metals

and alloys which have been tried from time to time, that

proposedby H. Le ChateHer possesses many advantages,
on which I have elsewhere dwelt." It consists of a plati-
num wire twisted at its end with a wire of platinum
alloyed with 10 per cent, of rhodium. Such a couple
may be used for some time without change of zero,
and if the junction becomes injured it may be cut off,

and the severed ends of the wires may be twisted to-

gether again. I am satisfied that it can afford comparative
results which are accurate to i"" at temperatures of over
1000^. The diagrams given later (Figs. 4, 5, and 6) show
the disposition of the apparatus. The spot of light

indicating the deflections of the galvanometer needle
is caused, for the illustrations of this lecture, to fall

onto a graduated scale 45 feet long on the wall of the

theatre. The thermo-junction has been calibrated with
the aid of certain known temperatures, and the long scale

is inscribed after the manner of the old thermometer

scales, with certain fixed points, which are, of course, far

higher than those it was possible to indicate by the ex-

pansion of mercury in a glass tube. [These fixed points
were: "water boils" (100°), "lead melts" (326°), "zinc
boils

"
(940°), "gold melts" (1045°),

"
palladium melts "

(1500°),
"
platinum melts "

(1775°). On heating the

thermo-junction to bright redness in a Bunsen flame, the

spot of light moved rapidly to the point marked "
zinc

boils."] For laboratory experiments the scale is a short

transparent one, rigidly fixed in relation to the galvano-
meter.

In leading up to the experiments which follow, in the
course of which metals will be exposed to high tempera-
tures, I would remind you that if an ordinary thermometer
be plunged into water which is gradually losing its heat
to a cold environment, the mercury will fall until the water

begins to freeze, but directly this happens the mercury
remains stationary until all the water is frozen ; so that if

the rate of fall be measured with a chronograph, there
will be a steady fall to the freezing-point of water, then a

long arrest, followed by a renewed fall. If these readings
be plotted, a well-known time-temperature curve will be
obtained. Exactly the same effect is produced when a
fluid metal "

freezes," and before proceeding further it

may be well to determine experimentally the freezing-

point of gold. Beneath this little mass of pure gold,
A (Fig. 2), a thermo-junction, B, is protected by a very thin

Fig. 2.

layer of clay from the metal. The oxyhydrogen flame is

made to play on the gold, there is a rapid movement of
the spot of light over almost 25 feet of the scale, there is

a diminution in the rate of rise near the point marked
1045°, the melting-point of gold, and then, when the
metal becomes fluid, the temperature rapidly rises as
more heat is given to the little mass. The source of heat is

now removed, the temperature falls, there is an arrest

just at 1045° C, the freezing-point of gold, and then
the spot of light resumes its course as the gold cools down
to the temperature of the room. The melting-point and
freezing-point of palladium, 1500^ C, were then shown in

the same way. It should be observed, however, that when
a small fragment of palladium is fused in the naked flame
of the oxyhydrogen blow-pipe, hydrogen appears to be ab-

'
Cojitptes rendus, vol. iii. p. 782, 1836^
British Association Lecture, Nature, vol. xli., 1889, pp. 11-32 ;

Report Inst. Mech. Eng., Oct. 1891, p. 543.
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sorbed by the metal ;
and this absorption of gas lowers the

freezing-point materially, and makes it far less steady
than when a fresh piece of metal, cut from a large mass, is

fused for the first time.

When the spot of light is allowed to fall on a sensitized

plate in a suitable camera,^ the time-temperature curve
traced on a moving plate will be of the form shown in

Fig. 3-

Fig. s.

It may be useful to show the method by which these auto-

graphic curves are obtained : the following diagram, Fig. 4, is

therefore added.
The arrangement consists in inclosing a galvanometer of the

,

Deprez and d'Arsonval type in a large camera ; a fixed mirror, F, I

being placed below the movable mirror, M, of the galvanometer, I

so that the light, from the lime cylinder L, reflected in the

mirror H, passes to both mirrors, F and M, and is reflected in

the direction of a fine horizontal slit, A B, behind which a sen-

sitized photographic plate, c, is drawn vertically past the slit,

by means of gearing, D, driven by clockwork. The ray from
the fixed mirror is interrupted periodically by the vane E, and
a beaded datum line is given, which enables any irregularity in

the advance of the plate to be detected.

The amount of divergence from its datum line of the spot of

light reflected by the movable mirror at any given moment
bears a relation (which can readily be found by calibration) to

the temperature to which the thermo-junction X is heated, and
the variations of temperature are recorded by a curve which is

the resultant of the upward movement of the plate and the hori-

zontal movement of the spot of light. A crucible, c, which may
be filled with molten metal, is provided with a tubulure, T, for

the insertion of the thermo-junction. The crucible is suspended
by wires in a double jacket of tin plate, a b.

It will have been evident that the thermo-junction of

platinum and platinum-rhodium could not be used for

measuring temperatures higher than the melting-point of

the platinum of which it is made. Metals with higher
fusion-points than platinum are, however, available ;

thus
iridium will only just melt in the flame produced by the

combustion of pure and dry hydrogen and oxygen. By
the kindness of Mr. Edward Matthey, a thin rod of

'

iridium has been prepared with much labour, and it can
be used as a thermo-junction with a similar rod of iridium

alloyed with 10 per cent, of platinum. The junction may
be readily melted in the electric arc, and by this means a

temperature may be registered which careful laboratory
experiments show to be close to 2000°, and this agrees
with the estimate of the melting-point of iridium which
Violle ^ deduced from ^alorimetric experiments. [This

experiment was shown, a different scale being employed
for the screen, as the thermo-electric constants of the

iridium, and iridium-platinum couple, are different from
those of the platinum and rhodium one previously used]

It is interesting to remember that within a year in this

Institution temperatures ranging from — 200° to -\- 2000°

1 Proc. Roy. Sjc, vol. xlix., 1891, p. 347.
2 Loc. cit.
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have been mapped out, the lower temperature by Prof.

Dewar in his memorable Faraday Lecture : the higher
point is now measured in public for the first time.

How difficult it is for us to realize what this range of

temperature really means, for we have but little power of

appreciating temperatures beyond those we can con-

veniently bear. We, perhaps, know the meaning of

extreme cold better than great heat, but even the vivid

imagery of Dante, who might have been expected to

afford some guidance, gives us singularly little help. I

think in depicting the terror of torture mflicted by ex-

treme cold he succeeds better than when he describes

the suffering of those who are exposed to flames. His
words (Canto xxxiii.)

—
"Blue, pinched, and shrined in ice the spirits stood

"—
mark the highest suffering drawn in the "

Inferno." It

is, however, probable that my failure to appreciate the

descriptive powers of Dante may be the result of resent-

we came to the conclusion that each molecular simplifica-
tion is marked by a distinctive spectrum, and that there
is also an intimate connection between the facility with
which the final stage is reached, the group to which
the element belongs, and the place which it occupies in

the solar atmosphere. At the highest temperature of the

oxyhydrogen flame, molecules of metals are simplified,
but their constituent atoms remain unchanged. Mr,-

Lockyer has, however, since done far more : he has
shown that the intense heat of the sun carries the process
of molecular simplification much further

; and, if we
compare the complicated spectra of the vapours of
metals produced by the highest temperatures available-
here with the very simple spectra of the same metals
as they exist in the hottest part of the sun's atmosphere,
it is difficult to resist the conclusion that the atom of
the chemist has itself been changed. My own belief
is that these "atoms" are changed, and that iron, as it

exists in the sun, is not the vapour of iron as we^know it

Fig. 4.

ment, for I read with regret that he consigns to the tenth
chasm of Hell, not only the coiner who

"falsified
The metal with the Baptist's form impressed,"

'

but also an honest metallurgist, Cappoccio of Sienna, who,
"
by the power

Of alchemy, . . . aped creative Nature by his subtle art
"

;

and, I think, deserved a better fate.

We are now in a position to consider certain other effects
of high temperature on metals. Many years ago, my col-

league Mr. Lockyer, and I, conducted an investigation
on the spectra of the vapours of certain metals - at the
highest temperatures we could produce, with the aid of the

oxyhydrogen flame. We distilled silver, zinc, cadmium,
and volatilized iron and other metals, from a lime crucible,
and caused their vapours to pass into a horizontal tube of

strongly-heated lime. By these experiments we satisfied
ourselves that the molecular structure of metals is gradu-
ally simplified as higher temperatures are employed ; and

' The golden florin of Florence.
2 Proc. Roy. Soc, vol. xxiii. p. 344,
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1875.

upon earth. We will not dwell in this lecture on the
effects of very high temperatures on metals, but rather
on the influence of comparatively low temperatures

—that

is, below whiteness—in changing the number and ar-

rangement of the atoms in metallic molecules. A pro-
found change must occur when the viscous form of

sulphur passes spontaneously at the ordinary tempera-
ture into the yellow crystalline variety, but the change is

accompanied by but little thermal disturbance. In the
case of metals there is also abundant evidence that mole-
cular change may take place at low temperatures. Take
the fusible alloy of bismuth, lead, and tin, which bears
Newton's name, and contains—

Bismuth ... ... ... 50*00
Lead 31*25
Tin 1875

It fuses at 90' ; it may be cast round a thermo-junction^
and plunged in water and cooled thoroughly until the
observer is certain that the mass has returned to the

atmospheric temperature : take it out of the water, dry it
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rapidly, and in a few moments it will become too hot to

hold. The "
fracture

"
of the metal is totally different

before and after the molecular change, which is the

cause of this evolution of heat, has taken place. The

change, moreover, takes place in the solid metal, and is

not due to the release of the latent heat of fusion. The

mass, solid as it appears to be, must be the scene of an

internal struggle between the molecules in the effort to

attain a state of equilibrium, and this conflict is but a

type of the action that takes place in many metals and

alloys which are of vast industrial importance.
Time will only permit me to deal with three cases of

the action of high temperatures on atoms and molecules

of metals. In' the first case, the arrangement of the

atoms in the molecule of a metal, iron, is disturbed, and
the result is of great industrial importance. In the

second case, the atoms of a metal, gold, appear to com-

bi?te with those of another metal ;
and the result, while it

is mainly of interest in connection with the history of

science, has nevertheless an important bearing upon art.

The third case relates to the molecular bombardment which
takes place when a small quantity of metal is dissolved

in a mass of a metallic solvent, and is of interest in con-

nection with modern views both as to osmotic pressure
and solution generally.

(i) The pyrometric couple is inserted in the centre of

a little mass of steel, which is being slowly raised to a

bright red heat
;
when the flame is withdrawn, the spot of

light will return towards the zero end of the scale, falling

slowly until a temperature of 655° is reached, and then

there will be an abrupt and prolonged arrest. The metal

has never been near its melting-point, and the evolution

of heat must be due to a molecular change in the solid

metal. In the case of this particular sample of steel,

the evolution of heat is mainly the result of a change in

the relation between the carbon and the iron
;
but by

laboratory experiments and careful chronographic records,
Osmond has shown that, in the case of certain varieties

of steel, it can be demonstrated that what here appears
as a single change, attended by an evolution of heat, is

really an exceedingly conplex one. I have shown that

it occurs in the purest iron the chemists can prepare by

electrolysis, and I agree with Osmond in believing that

the change which occurs in pure iron at 855' is a molecu-

lar one, independent of the presence of impurity. If the

mass of steel (Fig. 5, a) be heated again and allowed to

SCREEN

Fig. s-

cool, you will observe that the point of "
recalescence "

appears to be that at which the iron regains its magnetic
property ;

^ for a magnetized needle, b, is attracted at the

I The temperature at which these molecular changes take place in iron and
steel was first demon-trated to an audience m my Newcastle lecture, 1889;
but my friend Prof. Reinold, of the Royal Naval College, first arranged an

experiment for lecture purposes which showed the magnetic change
simultaneously with the thermal one.

moment the arrest of the spot of light on the pyrometer
scale marks the temperature at which the change occurs,
and at that precise moment a second spot of light from a

mirror, mounted on the magnetic needle, will rapidly
move away from its zero. I have elsewhere ^ dwelt on
the importance of the molecular change in iron and steel,
and can now only summarize the significant facts.

It is unnecessary to point to the extreme industrial

importance of the property steel possesses, of becoming
hard when it is quenched from redness in a fluid which
will abstract its heat with more or less rapidity.
The changes which take place at 855" and 650'' have to

be arrested, as it were, by rapidly cooling the mass of steel ;

and if this is done, the steel will be more or less hard ac-

cording to the rapidity with which the progress of the
molecular change has been stopped. It is, however,
useless to attempt to harden steel if the temperature of

the mass has fallen below 650°. In "
oil hardening" or

cooling a large mass of steel, like the " A " tube of a gun,
which may be 30 feet long, great care should be taken to

insure that the temperature of the mass is as uniform as

possible ; for, if part of the mass is hotter than 650'^, while

part is colder, the oil will really be cooling a mass of steel

which is itself passing through various stages of complex
molecular change, and the operation of "hardening"
arrests, as it were, the atoms in the midst of a conflict

incidental to their attempt to group themselves into one
or other of the molecular modifications of iron. By cool-

ing a mass of steel which is not at uniform temperature,
stresses of great comple.xity and intensity are set up,
stresses that may greatly reduce the effective strength of

the gun.^ The result is told in failures, by which many
lives have been sacrificed ; but I need hardly say that the

Director-General of Ordnance is fully sensible of the

national importance of studying the behaviour of iron and
steel at high temperatures, and, at Dr. Anderson's sug-

gestion, the Institution of Mechanical Engineers ap-

pointed a Committee, and have intrusted me with a large

portion of the inquiry.
In the next experiment, -Fig. 6, a bar {a) of steel, ^ inch
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in section and 18 inches long, was heated to bright redness

and fixed firmly at one end
;
a weight of about 2 pounds

is rapidly hung to the free end, a light pointer is added to

magnify the motion of the bar, and the thermo-junction
is rapidly introduced into a small hole drilled in what is

arranged to be the hottest part of the bar. The bar is

not softest at a red heat ;
it remains perfectly rigid until it

has cooled down to dull redness, and the temperature, as

measured by the spot of light from the galvanometer,
shows that

" recalescence
" has occurred. At that mo-

*
Report to the Instiiulion of Mechanical Engineers, Proceedings,

1891, p. 543."
Internal Stresses in Cast Iron and Steel," by Nicholas Kalakoutsky,
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ment of molecular weakness in the bar, the weight has

power to bend it, and the pointer falls. By such experi-
ments the exact temperature at which the metal becomes
weak, in different varieties of steel, can readily be deter-

mined.

(2) Evidence will now be given in support of the second
case it was proposed to treat, and it will be shown that at

high temperatures the atoms of metals may truly com-
bine with each other

;
in fact, taking gold as a basis for

the experiments, compounds may be formed which would,
had they been known centuries ago, have strangely
affected the history of science. When the alchemists

subjected the metals to high temperatures, their efforts

were mainly directed to the discovery of some substance
that would either change base metals to the colour of

gold, or would give them the brilliancy of silver. The
mediaeval chemists believed that there were two distinct

substances that would effect this, "one for the white "and
another

"
for the red." Many of their writings might be

quoted in support of this view, but a reference to Geber,
who wrote in the eighth centuiy, will be sufficient. He
pointed out that the transmuting agent "has a tincture of

and stream of opal," reminding us of the crimson and
purple of the poppy, the scarlet and orange of fire and
the dawn. No wonder he chides us with turning the

lamp of Athena into the safety-lamp of the mmer, and
with getting our purple from coal mstead of, as of old,
from the murex of the sea ;

" and thus grotesquely," he

says,
" we have had forced on us the doubt that held the

old world between blackness and fire, and have com-
pleted the shadow and the fear of it by giving to a

degraded form of modern purple a name from battle—
'Magenta.'"
You will remember that Faraday showed that gold, when

finely divided, is brilliantly coloured scarlet and purple.
Here is a solution of chloride of gold. Add a little dis-

solved phosphorus, and the gold is precipated in an ex-

tremely fine state of division, which tinges the solution

crimson, but if you try to remove this suspended gold
you will only gain a brownish mud. However, I will give
you the secret by which anyone who possesses a blow-pipe,
a bead of gold, and a fragment of one of the most widely-
diffused metals, aluminium, may stain gold purple through
and through. But ifyou add aluminium to molten gold, you
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itself SO clear and splendid, white or red. clean and in-

combustible, stable and fixed, that fire cannot prevail

-against it
;

. . . and a property of the medicine is to

give a splendid colour, white or intensely citrine," to

metals to which it is adcled.

That was the effect expected from the transmuting
agent, but do not think that the attempt to produce gold
arose entirely from the love of gain. The colour of gold
and purple impressed men strangely, and the search for

the transmuting agent was most eagerly pursued in times
when people lived for art, in a dieani of colour. The
effort to find the secret of the tint of gold is due to the
same impulse which made the P^rench in the thirteenth

century manifest a keen "
sensitiveness to luminous

splendour and intensity of hue," so that, as Sir Frederic

Leighton tells us, "a stained glass window, by Cousin,
was limpid with hues of amethyst, sapphire, and topaz,
and fair as a May morning." The chemists were able
to stain glass ruby and purple with gold : why should

they not impart the same glories to metals? I could
not hope to interest you in what follows, did I not call

artists to my aid
; and many will remember the glowing

words Mr. Ruskin uses,' calling purple a "liquid prism
I "The Queen of the Air," ed. igS/, p. 129 ; Times, December 11, 1891.

obtain many things, as this coloured diagram and series

of specimens show. [This diagram cannot be reproduced
without colour.]
The series of specimens showed that as the proportion of

aluminium is increased, the golden colour of the precious
metal is lessened, and when an alloy is formed with about
ten percent, of aluminium, the fractured surface of the mass
is brilliantly white : from this point forwards, as aluminium
is added, the tint deepens, until flecks of pink appear, and
when seventy-eight parts of gold are added to twenty-two
of aluminium a splendid purple is obtained, in which
intense ruby-coloured opaque crystals may readily be

recognized. Then, as the quantity of aluminium is still

further increased, the alloys lose their colour, and pass to

the dull grey hue of aluminium itself. Perhaps the most
remarkable point about the purple alloy is its melting-

point, which I have shown to be many degrees higher
than that of gold itself.^ See diagram, Fig. 7, in

which curves of several constants of these alloys are

given. This fact affords strong evidence that the

alloy AuAU is a true compound, having analogies to

the sulphides, for in every other series of alloys the

melting-points of all the members of the series are

Proc. Roy. Soc, vol, L, 1891, p. 367,
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lower than that of the least fusible constituent. There
is one other fact of much interest connected with this

alloy. When it is treated with dilute hydrochloric acid,

chloride of aluminium is formed, and gold is released in

a singularly voluminous form. The heat of formation of

the gold-aluminium alloy has not been determined, but

hydrochloric acid, which will not attack gold, will

readily split up this compound, of which more than

three-fourths is gold ;
the compound, in fact, behaves

like a distinct metal, having special heats of oxidation

and chlorination of its own.

(3) Lastly, we come to the question of solutions of

metals in each other. One very remarkable instance of

the behaviour of metals at high temperatures reveals the

fact that the presence of a small amount of a metal in a

mass of another lowers the freezing-point of the mass.

In the industrial world this has long been known.
-Cellini tells us, for instance, that when the bronze for his

great figure of Perseus, at Florence, was running out of

the furnace, it suddenly showed signs of setting, and he
therefore threw pewter plates and dishes into the ducts

through which the metal had to pass—" a thing," he

says,
" never before done." The fluidity of the metal was

immediately increased, and he found every part of the

casting
"
to turn out to admiration."

The excellent work of Heycock and Neville,^ on the

lowering of the freezing-points of metals, by the addi-

tion of other metals, should, 1 would suggest, form
the subject of a lecture in this Institution at an

early day. I cannot attempt to deal with the matter
here. In leading up to these questions of solution,
as applied to metals, I would remind you that Lord

Rayleigh told us a few evenings since that it was by
no means certain that a gas rushing into a vacuous globe
ever completely fills it, as there may still be tiny spaces
into which " odd molecules "

fail to find room to vibrate

in. If it is difficult for a gas to entirely fill a vacuous

space, you would think it impossible for a small quantity
of a metal to rapidly permeate a fluid mass of another
metal ; nevertheless, so far as analysis can detect, this

does happen.
It may be incidentally observed that the relations of

the ordinary gases to metals are far more intimate than

they were formerly supposed to be, and this was proved
by Graham's work on the absorption of gases by metals,
which has often been dealt with in this Institution. To
take only the case of iron, more than twenty years ago
Sir Lowthian Bell showed that carbonic oxide can carry
away iron, which is released when the temperature
is raised. Ludwig Mond and Langer have since iso-

lated most interesting compounds of iron and carbonic
oxide. But to return to the solution of metals in

metals.

The method of taking autographic curves of the

cooling of masses of metal has already been indi-

cated in Fig. 4,'-'
and they ought to enable much

information to be gained as to what is taking place
throughout the mass. Such curves should render it

possible to ascertain which of the rival theories as
to the nature of solution, as applied to salts, is sup-
ported by the behaviour of a metal dissolved in a metal.

When, for instance, a little aluminium dissolves in gold,
is the analogue of a hydride formed, and, if so, is the
curve of freezing-points of a series of aluminium-gold
alloys a continuous one ? On the other hand, does the

theory advocated by van 't Hoff, Arrhenius, and Ostwald

gain support, and do the molecules of the dissolved
metals act independently of the solvent—that is, does
osmotic pressure come into play ? It will be remembered
that the law which regulates osmotic pressure has exactly
the same form as Boyle's law—that is, the pressure is

1 Chem. Soc. Journ., vol. Iv., 1889, p. 656 ; vol. Ivii., 1890, pp. 376, 656;
vol. lix., 1891, p. -936.' .

' '

2 Proc. Roy. Soc, vol. xlix. p. 347, 1S91,
'
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proportional to the density of the gas or of the solution.
Is the view of Arrhenius correct—that, if a solution be
very dilute, the molecules of the dissolved substance are

dissociated, act independently of each other, and behave
like a perfect gas ?

It will require years of patient work before these ques-
tions can be answered ; but it appears certain, from the
admirable experiments of Heycock and Neville,^ to

which reference has already been made, that, taking
metals with low melting-points (such as tin or lead) as

solvents, the lowering of the freezing-point of the solvent
is really due to the bombardment exerted by the molecules
of the dissolved metals.

I have extended this investigation by employing as a
solvent a mass of fluid gold, which has a high melting-
point, and is not liable to oxidation, and the results con-
firm those obtained by Heycock and Neville.
There is yet one other question : When metals are

added in small quantities to a metallic mass, may the
solvent remain inert? Here is a mass of looo grammes
of lead, and to it 15 grammes of gold, or r6 atoms for

every 100 atoms of lead, will now be added. It could be
shown that the gold is readily dissolved, and remains dis-

solved, even if the lead be solidified. Now, to the fluid

lead sufficient aluminium will be added to form the

purple alloy with the dissolved gold ;
the mass will be

well stirred, but the aluminium will not unite with the
lead ; it will nevertheless find out the gold, and, after

uniting with it, will carry it to the surface of the bath.
Thence it can be removed, and the purple colour of
the alloy identified, or the gold it contains can be
revealed by the method Prof. Hartley

- has given us for

detecting the presence of gold in an alloy by volatilizing
the alloy in a torrent of sparks from an induction coil,
and condensing the vapour on mica.
The union of the aluminium and the gold must, how-

ever, be peculiar. Crookes'' has shown that when this

alloy is used as an electrode in a vacuum tube, the gold
is volatilized from the alloy and deposited as a film on the

glass, leaving the aluminium behind.
The purple alloy presents us with the most interesting

case yet known of a molecule built up of purely metallic

atoms, but we are certain that the atoms are still those of

gold and aluminium—that is, the atoms of the united

metals remain unchanged. The interest in this substance
is deepened if it be remembered that our aim at the

present day is the same as that of the alchemists, for we
are striving, as they did, to attack and change the chemist's
atoms themselves. We seek, as truly as they, to effect

the transmutations, which, as Boyle said, would " be
none the less real for not being gainful," and employ
high temperatures in the hope of simplifying the mole-
cular structure of metals. We no longer consider gold to

be the " sum of perfection," but still retain the belief ex-

pressed by Geber, eleven hundred years ago, that,
"

if we
would change metals, we must needs use excess of heat."

A poet also appears to have felt this, for George Herbert
writes in the seventeenth century

—
"

I know . . . what the stars conspire,
What willing Nature speaks, what forced by fire

"
;

thus comparing the ordinary response of Nature to the

investigator with the evidence he elicits from her by
heat.

By fusing gold, and staining it
" the purple of the

dawn," a new interest has been given to the metal which
the alchemists always connected with the sun

;
and for

further proof that metallic atoms may be changed, we
must turn to the sun itself, as to a great metallurgical

centre, where "
all the elements shall melt with fervent

heat."

' Loc. cit.
^

Pfoc. Koy. Soc, vol. xlvi., 1889, p. 88.

3 Proc. Roy. Sac, vol. I., 1891, p. 88.
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ON INSECT COLOURS.^

II.

"VrOW it is necessary to explain the "reversion effects"
'^ of red, so frequently alluded to. I am tempted
to give a detailed account of the experiments made in
this connection, but the length to which this article

has already run warns me that I must be very brief
indeed : and I will therefore content myself with giving
simply the broad results.^ All reds and pinks (always
omitting the last four in the table), are turned orange or

yellow instantly by acids. When nitric acid is used,
this tHect IS permanefit ; and whether the yellowed wing
be dried, or washed, the yellow is immovable. I have
kept such wings for five or six months, and they were as

yellow as possible at the end of that time. In the case
of all other acids,-' the yellow is permanent only so long
as the wing is actually acid: directly the acid is

removed, the original red returns
;

and thus a

wing may be alternately yellowed and "
reverted "

time after time. This reversion to the original
red may be produced either by long exposure to the air,

allowing the last traces of acid to drain off; or instantly
by neutralizing the residual acid with a drop of ammonia,
or by copious washing. It must therefore be under-
stood that, with the exception of those cases in which
nitric acid has been used, the permanency of the artificial

yellow is entirely dependent upon the presence of acid :

remove the acid, and the yellow vanishes. Accordingly,
I have suggested the following explanation. Let us de-
note the molecule of red pigment by X ;. when any acid,
except nitric, is added, I assume that this forms with X
a so-called molecular compound: for instance, on treating
with hydrochloric acid, we should get the hydrochloride of

X, viz. X.(H.C1)„ ;
and it is evident that these hydro-

chlorides, hydrosulphates, &c., of X are yellow, although
the original X is red. To all these facts, of course, there
are ample analogies known to chemistry. Next, for the re-

suscitation of red. We must suppose—what is certainly
to all appearance very clear—that these molecular com-
pounds are very unstable ; an easily understandable fact

;

and that consequently the addition of even excess of water
is sufficient to decompose them, removing the acid mole-
cule, and thus restoring the pigment X to its original
condition. Far more rapidly does this resuscitation occur
if a drop of ammonia be used, this at once combining
with the acid and liberating the X molecule. In the case
of resuscitation produced by slow air drying, the action

apparently would be in some cases due to gradual
evaporation, or to some process of oxidation—anyhow
producing dissociation of the molecular salt of X. Finally,
in the case of nitric acid, it is clear that this acid does
not form a molecular compound, but, as we might expect,
exercises a permanently destructive action on the ori-

ginal pigment. Admitting that red has been developed
from yellow, it is not surprising that it may be easily re-
converted permanently into yellow by such a reagent as
nitric acid. Before quitting this topic, I may point out
that the cyanide reaction of the yellows is very sug-
gestive indeed as to the kind of process by which the red
pigment is developed from yellow.
Now, as to the last four species noted in the table. In

these, I believe, the red is not developed from yellow at all,
but from its close analogue, chestnut. Up till very recently,
I supposed V. atalanta to be the only representative of
such development, and was rather surprised that yellow
•should so commonly develop into red, and chestnut so
rarely. But recently I have found that Anartia amalthea
is exactly identical in behaviour with V. atalanta, whilst
Heliconius amaryllis seems half-way between these spe-

' Continued from p. 517.
'^A. full account of these experiments will be found in the Entomologist,

xxui. pp. 39-40 and 53-59.
3 I have used hydrochloric, sulphuric, acetic, phosphoric, hydrofluosilicic,

and oxalic acids, in these experiments.
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cies and the normal reds, but nearer to the former. The
evidence on which this conclusion as to the nature of
the red in V. atalanta was founded is as follows. The
red of atalanta does not change to yellow, but to the
brown or chestnut normally present in V. cardui, or to a
more colourless tint. The change is not similar to that
of red to yellow, but is a solution effect : consequently no
reversion effect can be obtained ; and this alone is almost
decisive. It seems to me especially interesting that this

experimental conclusion as to the nature of atalattta red
is entirely corroborated by totally independent evidence
from the entomological side, since the connection of V.

atalanta and cardui is exceedingly close, and there are
transition forms between them.^

And now we come to the last colour—chestnut—for

which a very brief account will suffice, in addition to the
details already given in the table, and the incidental

remarks made during the discussion of yellow. It must
be understood, then, that the constitution of chestnut

appears to be very close indeed to that of yellow : like as
in yellow, we can distinguish several stages of solubility,

although deepening colour still less implies decreasing
solubility even than it does in yellow

—a conclusion which
will be borne out by an examination of the table. Like

yellow, chestnut may develop into red, as has already
been explained ;

and the brilliant copper colour of Lyccena
phlceas and virgaurea appears to occupy, both in its ex-

treme solubility and its relation to the main line of develop-
ment of the chestnut pigment, a position exactly analogous
to that occupied by the orange oiE. cardamines among the

yellows. The only further remark that I have to make
with reference to this colour concerns V. /^ and V. a7itiopa,
which I have specially marked as notable examples. In
these species the rich chocolate colour is very soluble, but
leaves a black wing instead of a white. If chestnut had
been developed from a white pigment, this would have
been a grave difficulty ; but it perfectly accords with the
view that the pigment has been developed, not from any
such white pigment, but in a previously unpigmented,
usually white, wing ;

in these species it has been de-

veloped in a previously black wing. I have always
considered the behaviour of these two species to con-

siderably support my views of the nature of the chestnut

pigment, and indirectly of the yellow.'-^

The main heads of the preceding pages may be very
briefly summarized as follows. Blacks and whites are not

pigment but absorption and reflection colours respectively.
The great majority of blues are also physical colours—
chiefly, if not entirely, interference colours

; and it is

doubtful if there be any pigment blues at all. Some
greens are also physical colours, very similar to the blues

;

the character of another group is somewhat ambiguous,
although probably these, too, are physical. A third group,
is pigmental, and probably derived from yellow. All
reds are pigmental, being developed chiefly from yellow,
but in a few cases from chestnut

; the former are char-
acterized by the reversion effect. The great majority of

yellows are pigmental, of various degrees of solubility
or insolubility ; but a few cannot at present be decisively
pronounced either physical or pigmental, and the same
remark applies to the chestnuts.^

In concluding this summary of my work, I must point
out that it is not put forward as in any sense of the word
final, even so far as it goes, but merely as a basis of

systematic inquiry, in various directions. Up to the

present, almost nothing at all has been known about the
behaviour or character of these colours

; now I will dare
There is similar evidence in the case of Anartia amalthea. Two

specimens of this were sent me for experiment. One was marked with a
chestnut band, and one with a scarlet. This scarlet was at once changed
into the chesnut noimally present in the other.

-
I am disappointed at having as yet come across no yellow species

analogous to V. io. But in this connection I may call attention to the
behaviour of the green species oi Cidaria, which are changed to a brownish-
grey. It is possible that these greens may be descended from yellow
developed on an originally dark wing.

3-Cp. the instances of Vatiessa io and antiopa.
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to hope that at least a basis of operations has been
found. May I also venture to ask that any other investi-

gators who may not have already been working on this

subject will do me the favour of allowing me for a time
to continue my researches alone^— so far, that is, as con-
cerns the Lepidoptera, both imagines and larvae—for I

am planning various lines of research suggested by my
previous work. As to the various other orders of insects,,
I shall be delighted if other workers who may have
opportunities, that I have not, of obtaining abundant
material, will take up the work, and determine how far my
conclusions will hold for these other orders also.

Tables of Results.^

Initial

.,f

group.

R.

Name of species.
|

Natural colour. Effect of reagents.

Apatnra iris
\

Trepsichrois lin-

ncei
I

Hypolitiinas bolina

Hypolimnas sala-\
mis f

Papilio—six spe-|
cies /

Morpho vzenelajis

Papilio inachaon
Limenitis sibylla
Svietintliiti ocella-\

tits j
Catocala fraxini
Vanessa— i^jwr spe-)

cies /

Lyccena~{i\e spe-\
cies /

ParthenosgambriA
sins (upper sur-j-
face) )

Rich purple
velvet glow

Violet

Bright and pale
blues.

Brilliant blue
Dullish blue
Do.

Do.

Dull blue

Blue

Vari-us blues

Chiefly unaltered ; gloss

destroyed by KHO.
The glow much dulled.

The glow much dulled or
unaltered.

Dull steel blue.

(Bronze ; leaf brown ;
or

( steel blue; &c.

j

Less brilliant.

: Greyish.
Do.

i Greyish or unaltered.

I No marked alteration. i

I/Paler or unaltered; de-

( stroyed in I'.antiopa.
/Usually slate colour ; occa

\ sxoroiWy greenish.
|

Initial

of

group.
Name of species. \ Natural colour. Effect of reagents.

HesPeria sp. \

Urania fiilgens

Papilio polyctor |

Parthenosgainbri \

sins (below) /
Limenitis procris
Ino statices, &c.

Argynnis paphiaA
&c. \

Thccla rubi
-j

Papilio— iowr spe)
cies /

Eromia argia \

Haliasprasinana

M. orion ; and D.\
aprilina f

Larentia, &c.— \

several species /
Cidaria miata, \

&c. /
Tortrix viridana
Eiichloe

carda-\^,
mines j\

Metallic green

Dark metallic

green
Do.
Bronze yellow
green

Sage green

Do.
Glittering green
Deep foliage-

green
Almost arsenic

green

Leaf green

Very pale green"
ish

Green

Do.

Do.

Do.

Do.

Pseudo-green

{Purplish

bronze or
blackish.

Snterinthus, &c.—"X

several species /
Deiopeia bella

Actias liina

Attacns cynthia
Hepialus huniuli

Hyria anroraria
Aristelia nibricata
Pamassius apollo
Delias hierte and^

eiicharis f
Papilio—various )

species /

Zygepna filipen-\
duloi f

Arctin caia
Euchelia jacobeir
Catocala nupti \

Xanthia silago
'

Papilio vert7tmnns\
and constolochia j |

Heliconiits atiiaryl-\
lis

]\
Anartta ajnalthea

\

Vanessa atalanta
\

Pink *

Do. *

Do. *

Do.
Do.
Do.
Do.
Red *

Red (*)

Crimson, scar-

let, &c. *

Red *

Do. ^

Do. *

Do. *

Reddish

Pale red *

Scarlet

Do.
Do.

^Do.
'do.

Brownish or blackish.

Dun brown.

Dun grey.

I

Bronze brown.

Ij-Do.

j

! Brown, like upper surface.

l/^Whitish; white; or

j( yellow.

I Paler or whitish.

I (Whitish ; ochre yellow in

( one case.

I Wliite.

t^White; occasionally
'^ yellowish white.

I Brownish grey.

j

Whitish.

!
Black.

Yellow or yellowish.

Yellow.
Do.
Colourless or faded.
Faint orange.
Yellowish or whitish.
Dunnish colour.

Orange.

Yellow : then white.

[-Yellow, orange, &c.

Orange.

Do.
Do.
Do.
Yellow.

/F'ale ochrish or bread

1,
colour.

Blown: finally white.

Chestnut.
A "' cardui" brown.

B.

R.

Papilio machaon
Heliconius amaryl-\

lis f
Catopsilia catilla V

Vanessa antiopa
-j

Charaxes athamasi

Teuias nise andf
vabella \

Delias eucharis\
and hierte \

Hehoiuoiaglajicippe
Colias ediisa

Gonepteryx cleo- \

patra f

Hazis sp.

Euchloe carda-K
mines '

Gonepteryx cleo
j

patra '

Gonepteryx rhat/rnil

Colias hyale
Polyommams \

alexis f

Hepialics hitmnli

R.

N.

B.

Palish yellow White.

Very pale yellow' Do.r

Do.Light sulphur
Dull palish

yellow
Light sulphur
Not

Lemon yellow
t

Yellow

Deep orange
Rich yellow t

Bright brim-
stone

Iwhitish.

j-White
or towards whitislu

yPure white.

Do.

Perfectly transparent.
! Pure white.

[[-Practically
white.:

Not
°

! (Unaffected
or nearly white;

White.Rich orange

Do. /Through brimstone to

; I white.

Towards whitish.

Rnmia cratoegatai

Camptogramma }

bilineata j

Hyria auroraria
A braxas gross7i-\

la riala j

Venilia macitlaia

Angerona J>rii- \

71aria /
Papilio asterias

Ornithoptera dar-\
sius j

Endryas grata

Tithonea hanmoni

Bright brim-
stone t

I

Pale brimstone t Lighter or fairly white. '

rs i (Scarcely affected or to-
Orange

-^ „ards whitish.

-n ,1- u II ! (Sickly yellowish ; nearlyDulhsh yellow \ transparent.

Pa|e_brimstone ,

l-j-owards whitish.

l-Tcwards or whitish.

Whitish or white."]

Towards white or white.

Not
Dull orange
Not

Dull yellow

Palish orange

Yellow

Brownish

[Unaffected, or paler, cr
v white.

Dulled or unaffected.
orange No t^

Orange yellow
\ ^Usually unaltered.

:oldCrocus

Yellow

Do. No t

-j
Practically unaltered ; but

"^ some probably dissolved .

-(Transparent or rather
\ y faded.

(Much paler, or towards
I,

whitish.

The following yellow or orange-yellow species are almost or entirely
unaffected :

—
i^.) Papilio thoas, polyxencs, a.r\A pkilenor ; (B.) Deiopeia bella. Calli-

inorpha hera (no t), Arctia villica. Citherona regalia; (N.) Xanthia
silago, Tripheena pronuba (no t), Heliaca tenebrata.

R. and) IVanessa
antiopa

V. urticce .
jA rgynnis paphia\

and selene j
Dannis chrysippus\
and hegesippiis /

Athyma nejta
CcEKOiiymphapam- \ I

phila J i

Hesperia syh<anus \

Lyca-na phlceasiin<i\

virgaurea )

Vanessa cardiii

Epinephile tithoniis\
and janira f

Satyrus megara
'

A tella phalati ta

Chocolate

Richchestnutish

Rich chestnut

Do.

Dull chestnut

Pale chestnut

Chestnut

Brilliant copper

Chestnut

Do.

Yellow chestnut

Rich chestnut

0.

Athyma penus I

Selenia illiistrarial

Blackish. N.B.

Whitish.

(Whitish ; faded ; or

\ nothing.

/Very faded ; or whitish.

I grey.
White or transparent.

Whitish or white.

Faded or white.

Much faded or whitish.

Faded or whitish.

Faded more or less.

Little faded only.

(Faded or very faded in-

\ deed.

Very faded indeed.
DulUd,

Rich chestnut
Yellow chestnut

Deep chestnut
and cho

The following species are chiefly or wholly unaffected :
—

(S.) Philaitipelas aihemon, Darapsa myron ; (R.) DicnepassiJioKf ; (K).

Orgyia antigiia, Bcmbyx gnercus ; (N.) Or:hosia Jiiaciienia, A/aiiiestrct

oleracea ; (G.) Cidaria sii^iimata, Coremiajemigata at d mmutaia.

hestiiut
I jscarcely affected,

locolate
,)

'

with that specie:
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£XAMINATION OF THE STANDARDS OF
MEASURE AND WEIGHT IMMURED IN
THE HOUSES OF PARLIAMENT.

A FORMAL examination of the standards of measure
and weight which are immured in the Houses of

Parliament was made on Saturday last, of which some
account may possibly interest our readers.

In the " New Palace at Westminster " there were de-

posited in the year 1853 a copy of the "Imperial
standard of the yard measure" and also a copy of the
"
Imperial pound weight." In the same year similar

copies of the Imperial standards were also deposited
with the Royal Society, at the Royal Observatory, and at

the Royal Mint respectively. Such copies of the standards

were deposited in accordance with the recommendations
of a Commission appointed in 1843 to superintend the

construction of new Parliamentary standards of length
and weight intended to replace the original Imperial
standards which were destroyed by the fire at the old

House of Commons in 1834. The new Imperial standards

were subsequently legally recognized by the Act 18 and

19 Vict.jC. 72 (1855), and more recently by the Weights
and Measures Act of 1878.
The Act of 1878 requires an inter comparison of

the copies of the Imperial standards which are de-

posited with the Royal Society, and at the Royal Obser-

vatory, and the Royal Mint, to be made once in every
ten years ;

and such inter-comparison has been recently

duly made under the directions of the Board of Trade.
It appears also to be practically necessary that the
standards immured at the Houses of Parliament should
be examined at certain intervals, examinations having
been made in the years 1865 and 1872 ; and the ex-

amination which was made on Saturday last in the

presence of the Speaker, the President of the Board of

Trade, and other representative authorities, was therefore

the first that has been made for the past twenty years.
As yet we can make no reference to natural elements

for the values represented by such standards as those

above referred to. The earth's dimensions (as the ten-

millionth of a meridian), or a physical quantity (as the

lengthrof the seconds pendulum), cannot at present be
fixed or redetermined with sufficient accuracy for metro-

logical purposes ; and we have still therefore to rely on the

length and weight of certain arbitrary or material stand-

ards placed in the custody of selected authorities. As
all such material standards—whether made of iridio-

platinum, quartz, gold, or other accepted materials—are

liable to alteration by time or circumstance, it becomes
the duty of the custodians of such standards to assure

themselves from time to time that their standards are

unaltered, so far as any intercomparison of material

standards may afford evidence of their constancy ;
and

such was the object of the examination on Saturday last,

when the Board of Trade had their standards compared
with those immured at the Houses of Parliament.

The history of these Parliamentary standards may be
found in the classical contributions of the late Astro-

nomer-Royal, and Prof. W. H. Miller, to the Philosophical
Transactions of the Royal Society (Parts III. for 1856 and

1857) ;
a history that has largely developed scientific in-

quiry in such direction, as may be instanced particularly

by the creation and work of the International Committee
•of Weights and Measures at Paris.

On Saturday the examination of the immured standards
was conducted by the officers of the Standards Depart-
ment of the Board of Trade, who, for the purposes of the

examination, had provided a microscopic-comparator
and a balance of precision. The comparator had in

it nothing new, and indicated differences of length ap-

proaching to oooooi inch, excepting that it was portable,
so that the comparison of the immured standard yard
with the Board of Trade standard might be then made
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at the Houses of Parliament without the risk of removal
from the building. It was, indeed, a condition of the
examination that the immured standards should not be
removed from the custody of the Clerk of the House.
The balance used indicated differences of weight ap-
proaching 0'0005 grain, although, unlike other balances
of precision, this balance was inclosed in a .closely-fitting

copper case, so that disturbance by currents of air might
be avoided as far as possible whilst the examination was
being made. The mode of comparison of the yard
measure was that adopted by Baily and Sheepshanks in

1843-48, Gauss's method of weighing being followed;
and the temperature and atmospheric pressure were in-

dicated by instruments verified at the Kew Observatory.
The immured standard yard, like the Imperial yard,

was found to be a bronze bar about 38 inches in length,
marked "

Copper 16 oz., tin 2^, zinc i. Mr. Baily's metal.

No. 4 standard yard, at 61° 98 Fahrenheit. Cast in 1845.

Troughton and Simms, London "
; the length of the yard,

or of 36 inches, being determined by a straight line or

distance between two fine lines marked on gold studs or

plugs which were inserted at the bottom of two holes or

wells at about halfan inch below the surface of the bar. The
bar was found to be supported on bronze rollers, placed
under it in such manner as best to avoid flexure of the bar.

The immured pound weight, like the Imperial pound,
was found to be a cylinder of platinum about i'35 inch in

height and I"i5 inch in diameter, having a density of

2ri5i6 ; and being (in 1856) 000314 grain lighter than the

Imperial standard deposited with the Board of Trade.
Both standards were placed in mahogany boxes

;
the

pound weight being wrapped in Swedish filtering paper,
and inclosed in a silver-gilt case, which was further in-

closed in a solid bronze box. The mahogany boxes were
inclosed in a leaden case, which was re-inclosed in a
sealed oak case.

Although the actual result of the examination on

Saturday could not then be made known to those pre-

sent, it was stated that the immured standards were
found to be in the same condition as when they were

previously examined in 1872, and were to all intents and

purposes unchanged since their original deposit in 1853.
The official report of the Board of Trade, which will be

shortly issued, will state the full particulars of the ex-

amination.
After the comparisons of the standards had been com-

pleted, the immured standards were replaced within the

oak case, which was then replaced in an inclosure or

cavity prepared for it in a recess under a blank window
on the right-hand side of the second landing leading from
the lower waiting hall up to the Commons Committee-
rooms

;
the rabbet of the inclosure was then covered

with lime putty, the front stone being inserted and
driven into close contact with the rabbet so covered,

liquid plaster of Paris being poured in so as to fill all

the joints of the front stone.

We are glad to see from a paper recently laid before

both Houses of Parliament that the Board of Trade also

possess authoritative copies {prototypes nationatix) of the

international standards of the metre and kilogramme ;

and that metric weights and measures—now also of the

highest importance in this country
—may be accurately

verified by comparison with such standards.

NOTES.

Mr. Balfour is expected to make a statement in the House

of Commons this evening about the Royal Commission to which

the question of a Teaching University in London is to be

referred. He hopes to be able to give the terms of the reference

as well as a complete list of the members of the Commission.
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The honour of knighthood has been conferred on Dr. George

Buchanan, F.R.S., on his retirement from the post of Medical

Officer to the Local Government Board.

The friends and admirers of the late Mr. IL W. Bates,

F.R.S., propose to give substantial expression to their regard

for his character. A fund is to be raised for presentation to his

widow. Any communications relating to the matter should be

addressed to S. W. Silver, 3 York Gate, Regent's Park, N.W.

A BRANCH of the Royal Scottish Geographical Society has

been established in London. At the first meeting, which was

held on Monday, Prof. James Bryce delivered an address on

"The Migrations of the Races ofMen considered historically."

The Marquis of Lothian, President of the London branch,

occupied the chair. He said they had no intention of compet-

ing, or in any sense of vying with, the Royal Geographical

Society. The Scottish Society had branches in Glasgow, Dun-

dee, and Aberdeen ;
and it had been felt that another might

be appropriately formed for the benefit of members in London.

The Committee appointed to consider the question of grants

to University Colleges in Great Britain have issued their Report.

The principle on which they consider that the distribution of

the grant to the Colleges now sharing it should be made for the

remainder of the quinquennial period is as follows: (i) they

award a grant to each College, varying according to the nature

and extent of its University work ; (2) a grant for every pro-

fessor or other teacher receiving more than ;[f250 per annum ;

(3) a percentage on the College income from all sources. A
table is printed, giving the present grants, which the Committee

wish to be continued ; and the grants which they wish to be

added.

The rebuilding of the College of Agriculture, Downton, ren-

dered necessary by the destructive fire of last year, has now been

so far completed that the premises will be ready for occupation

and use next term.

The Director of the new Imperial German Zoological Station

at Heligoland will be Dr. Heincke, of Oldenburg, a recognized

authority on fish and fisheries. As his first assistant he will have

Dr. Clemens Hartlaub (son of Dr. G. Hartlaub, the well-known

ornithologist of Bremen), who will take charge of the scientific

branch of the establishment. Since the death of Dr. Philip

Carpenter, Dr. Clemens Hartlaub has become one of our leading

authorities on starfishes. He has just published in the Nova
Acta of the Imperial Leopoldino- Caroline Academy, an elaborate

memoir on the Comatulidse collected by Prof. Brock in the

Moluccan Seas and deposited in the Gottingen Museum. In

the course of this article nine species of the genera Antedon and

Actinometra are described as new to science.

On March 26, the members of the Geologists' Association,

assembled at the house of Mr. W. H, Hudleston, F.R.S.,

President of the Geological Society, in order to inspect the hand-

some private museum he has attached to his residence. The
occasion was rendered particularly interesting by the fact that

the Council of the Association had decided to take this oppor-

tunity of presenting to Mr, Hudleston an illuminated address

expressing its sense of the helpful interest he had always shown

in the work of the Association. Among those present were

many former Presidents and officers of the Association, who now
rank as leaders of geological science. Although at least one

hundred persons had been concerned in the arrangement of the

testimonial, the secret was so well kept that the presentation

came as a complete surprise to its intended recipient. The sig-

natories of the address had been selected to represent all grades

of past and present workers of the Association. In making the
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presentation, the present President of the Geologists' Associa-

tion, Rev. Prof. J. F. Blake, after suitably referring to 'Mr.

Hudleston's eminent services to geological science, expressed

the particular pleasure he felt that it should have fallen to his

share to hand a testimonial so richly deserved to his old col-

league and fellow-worker. Mr. Hudleston, in the course of

a well-chosen reply, referred to the curious coincidence that of

the authors of the joint work of Blake and Hudleston many

years ago, the one was President of the Geologists' Association

and the other of the Geological Society during the same year.

The contents of Mr. Hudleston's museum, now in course of

arrangement, excited considerable interest, particularly the

minerals, many of the choicest specimens of which are from the

private collection of the late Prof. J. Tennant, and also the

extensive series of British Jurassic Gasteropoda collected by the

author for the monograph now in course of publication by the

Palseontographical Society.

Mr. J. P. Barrett, chief of the department of electricity in

connection with the Chicago Exhibition, has issued a pamphlet

containing all the information that can be needed to enable

intending exhibitors to proceed intelligently. He will be glad

to give special information to any one who may want it, and

invites correspondence.

A BODY called the Scientific Alliance was recently organized

at New York. It consists of six societies engaged in the

promotion of research, and two others will probably soon

be added. The six societies are the New York Academy of

Sciences, the Torrey Botanical Club, the New York Micro-

scopical Society, the Linnean Society of New York, the New York

Mineralogical Club, and the New York Mathematical Society.

According to Sciince, these societies do not in any way sink

their individuality or surrender any part of the management
of their own affairs. Their union is merely in the way of

co-operation for the advancement of science, and for mutual

encouragement, carried out through a central representative body,
known as the Council, having advisory powers only. The
Council is made up of the president and two other delegates

from each society. A monthly bulletin is issued under the

authority of the Council, announcing the proposed proceedings
of all the societies, and a copy of this bulletin is sent to every

member. The bulletin contains an invitation to the members to

attend any of the meetings. An annual directory is issued, and

it is proposed that there shall also be an annual report on the

work done. Science says that the brief experience of the

Alliance has convinced the members that still closer union

is necessary, and this feeling has led to a movement for

the securing of a permanent building as a home for all the

societies. It is hoped that a building may be erected in a central

part of New York,
"
large enough to affiDrd each society rooms

for its ordinary meetings, for its library and collections, as well

as facilities for research, and also to contain a lecture hall,

capable of seating twelve hundred people, to be used by all the

societies in their public work.
"

We have referred in the astronomical column to the astrono-

mical observations recorded in the "Washington Observations^

for 1887." We will here briefly summarize the contents of this

volume with regard to the other observations there tabulated.

Appendix I. contains a report upon some of the magnetic obser-

vatories of Europe, which was made by C. C. Marsh, who was

commissioned to pay special attention to the instruments, build-

ings, methods of observing, and the question of the reduction of

the observations. In this report, which was considerably cut

short, owing to the author having to proceed to sea on his

return, much interesting and valuable material has been collected

which should be consulted by all those who are connected with

the taking of such observations, and with the construction of
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magnetic observatories. The plates which accompany the

text show plans of heating and ventilating the Pavlovsk and

Potsdam Observatories, the cellar and ground plans of the latter,

and details of instruments used in other Observatories. In the

second and third appendices will be found all the magnetic and

meteorological observations made in the years 1890 and 1883-87

respectively : these are brought together in a way that will

be found most convenient for reference, while several plates

showing the mean diurnal variations of some of the magnetic

elements have been added. All the above-mentioned observa-

tions have been reduced in the usual way, and the results

obtained are here tabulated.

On Thursday and Friday, last week, a tornado passed over

the North-Western States of America and caused enormous

damage and great loss of life, in some cases whole towns being

devastated. It is said to have been the most far-reaching and

destructive storm ever known to have occurred in these regions.

Texas, Kansas, Missouri, Iowa, and Nebraska suffered most.

In the Annual Report for 1892 of the Berlin branch of the

German Meteorological Society, Prof. G. Hellmann gives an ac-

count of his continued experiments on the effects of exposure on

rainfall records, and on the determination of the distance apart

that rain-gauges should be erected in order to obtain an accu-

rate account of the rainfall of any district. Simple as the

question appears, the experiments, which have been carried on

for seven years, have not sufficed to give a definite answer.

Very considerable differences are found in the amounts recorded

at stations comparatively close to each other. This result is

partly owing to the effect of wind, especially in the case of snow*

The following are the most important conclusions derived from

the experiments :
—

(i) The more a rain-gauge is exposed to the

wind, under otherwise similar circumstances, the less rainfall it

records, and the higher a gauge is placed above the ground, the

less rain it catches, as the disturbing influence of the wind is

greater than on the surface of the ground. But if properly

protected from the wind, a gauge will give useful results

in an elevated position. The usual instructions to erect the

gauge as openly as possible are therefore incorrect. (2) Even in

a flat country, differences of 5 per cent, occur in different

months, at stations a quarter of a mile apart ; in stormy weather^

especially during thunderstorms, the difference may amount to

100 per cent. The amounts recorded at neighbouring stations

agree better together in spring and autumn, and also in re-

latively wet years. Further experiments are needed, if pos-

sible by means of anemometers erected at the same level as the

rain-gauges, to determine more accurately the effect of wind on

both rainfall and snow.

In connection with the celebration of the fourth centenary of

the discovery of America by Columbus, the Italian Botanical

Society invites the attendance of botanists of all countries at a

Botanical International Congress, to be held at Genoa, from the

4th to the nth of September. In addition to the meeting for

scientific purposes, there will be excursions on the shores of the

Mediterranean and in the Maritime Alps ;
and during the same

time will also take place the inauguration of the new Botanical

Institute built and presented to the University of Genoa by the

munificence of Mr. Thomas Hanbury, of La Mortola, and the

opening of an Exhibition of Horticulture. All communications

should be addressed to Prof. Penzig, of the University of Genoa.

Harvard University is indebted to the munificence of

Prof. George L. Goodale, the Director of the Botanic Garden

at Cambridge, Mass., for a remarkable development of the

botanical establishment of the University during the last ten

years. It has acquired a large fire-proof Museum, to contain not

only its collections, but its lecture-rooms and laboratories ;
has
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added greatly to its collections and its library ; and has also

obtained larger permanent funds for its support.

In a report on the Great Skua in Shetland during the season

of 189 1, printed in the new number (the second) of the Annals

of Scottish Natural History, Mr. W. E. Clarke says that the

attention which was called to the persecution of the Great Skua,

at the close of the disastrous breeding season of 1890, was the

means of doing much good. It aroused and secured the interest

and influence of ornithologists and others on behalf of the

bird's future welfare and its preservation as an indigenous

British species. He notes that the number of Skuas resorting

to Foula annually during the summer may be estimated at not

less than 120 individuals. Of these, two-thirds are to be

reckoned as breeding birds.

Messrs. Macmillan and Co. have issued a second edition

of Mr. A. R. Wallace's well-known " Island Life, or the

Phenomena and Causes of Insular Faunas and Floras." The

work has been carefully revised throughout, and, owing to the

great increase to our knowledge of the natural history of some

of the islands during the last twelve years, considerable additions

and alterations have been required.

The paper on the opium question, recently read by Mr, G.

H. M. Batten before the Society of Arts, is printed in the

current number of the Society's journal. It is followed by a

report of the animated discussion to which it gave rise, and by
statements which would have been submitted to the meeting by
various gentlemen if there had been time. Mr. Batten cites the

opinion of a number of *'
independent persons of high character

and reputation," to the effect that
" the daily use of opium in

moderation is not only harmless but of positive benefit, and fre-

quently even a necessity of life
"

;
and that

"
this moderate use

is the rule, and excess the exception." Persons who have

arrived at an opposite conclusion have had an experience, he

thinks, almost entirely confined to towns and the sea coast.

•'
They knew little or nothing of the millions of the healthy, in-

dustrious population in the interior of the country to whom the

use of opium is as common, as moderate, and as beneficial as that

of beer is to the people of England."

A writer in Nattire Notes, calling attention to "the iniquity

of rooting up wild flowers to sell them to English dealers," says

he could name a district in the Basses Pyrenees, where not a

single wild daffodil is now to be found. The flower was once

abundant there, but an English resident chose to bargain with a

well-known dealer, to furnish him with roots ; and this has been

attended by grave injustice to France.

Mr. G. C. Green records in Nature Notes for April a curious

reminiscence with regard to a pair of jackdaws kept by him at

Modbury Vicarage, South Devon, about twenty years ago.

They had been taken from the nast, and during the first summer

their wings were slightly clipped. After this their wings were

allowed to grow, and they lived at full liberty in the garden.

They were perfectly tame, and would come at call and feed out

of the hand, would come into the house, and in the morning

knock at the windows to ask for some breakfast. In the spring

they used to fly away and join their wild companions, make their

nests, and rear a family ;
but when this was over they came

back to the garden again, fed from the hand, and were as tame

as ever. But the curious thing was, that after one or two seasons

they brought another jackdaw with them, presumably the young

of one of them,' which was just as tame as themselves, although

nothing had ever been done to tame it, so that it was impossible

to tell which were the original favourites, and .which was the

new one. Moreover, when after a few years one of these jack-

daws was accidentally killed, another was brought by the other

two.
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Mr. W. W. Smith, writing to the new number of the Ento-

mologist from Ashburton, New Zealand, says that he has for

twelve years successfully used hellebore as an insecticide. It is

used annually by many orchardists in the South Island for de-

stroying the larvse of Tenthredo [Selandria) cerasi. Mr. Smith

uses it in the proportion of half an ounce to a bucket of water.

When he notices the newly-hatched larvoe on the leaves, he care-

fully and effectually syringes the trees with the solution, choosing

a calm day for doing so. The larvae are equally common on the

cherry-, plum-, and pear-trees, and rapidly destroy the foliage

if they are not checked or destroyed. One good syringing

suffices. When the trees are syringed early, the imago sawfly

is prevented from laying eggs further on the foliage, and by this

course much labour is avoided. He does not go over the trees

syringing a second time with pure water, as the particles of

powder left adhering to the foliage are invariably washed off by
rains before any of the fruit ripens.

Mr. J. W. Fewkes contributes to the January number of the

American Naturalist, just received, an interesting paper on the

ceremonial circuit of the cardinal points among the Tusayan
Indians. During the progress of the secret ceremonials which

are performed in the Kib-vas or Estufas at Haal-pi, and other

pueblos of the old province of Tusayan, it is customary for a

priest to pass on the north side of the fire-place as he approaches
the altar, and on the south as he passes from the altar to the

ladder. This custom is conscientiously followed by the older

priests, especially when taking part in important ceremonials ;

and Mr. Fewkes has seen novices, and even old priests, corrected

and sent back when they had violated this simple Kib-va custom.

The four directions do not correspond with the true cardinal

points. The so-called Kwi-ni-wi-ke of the Hopi is neither the

magnetic nor the polar north, but about north-west, or 45° west

of north, and the other points vary in the same ratio. Mr.

Fewkes thinks that a ready explanation of this is found in the

orientation of the Kib-vas, which, in turn, depends on the

extension of the mesa upon which Hual-pi is situated—or,

speaking more accurately, as he says in a note, on the direction

of the lines of fissure of the rock of which the mesa is built-up.

The ceremonial circuit is constantly followed in the preparation

of so-called medicine. When a priest pours the liquid of which

it is made into the terraced rectangular bowl, preparatory to

placing the other ingredients in it, he pours the fluid first on the

north side, then on the west, then on the south, then on the

east side of the bowl. The ceremonial circuit is followed in

connection with many other observances noted by Mr. Fewkes.

He also remarks that the following colours correspond to the

four cardinal points (bearing in mind that the Hopi north is

really north-west) : north, yellow ; west, blue (represented cere-

monially by malachite green) ; south, red ; east, white. The

priest of the antelope assemblage, in making the sand mosaic

picture a few days before the snake dance, first makes the yellow

border, then the green, then the red, then the white. The
north line of the yellow is followed by the west of the same

colour, then the south, then the east. The same sequence
occurs when he outlines and makes the body of the semicircular

clouds in the centre of the mosaic (dry painting). The lightning

serpents of the four colours are made in the same order of the

colours. It is interesting to note, as Mr. Fewkes says, that the

ceremonial circuit is opposite that of the sun in its daily cour.-^e

in the sky. He thinks it is probably more than a coincidence

that it is the same circuit which the snake and antelope priests

take when they move about the place, and the latter carry the

snakes in their mouths.

Last year Dr. J. T. Rothrock received from the American

Philosophical Society a grant of 300 dollars to defray part of

the expenses of a trip to the West Indies. The object was the
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collecting of photographs and information which could be utilized

in the preparation and delivery of the annual lectures popularly
known as "the Michaux forestry course." About 150 good

negatives were obtained, and there are about 75 satisfactory

illustrations of the trees, physical geography, and topo-

graphy of the islands visited. The trip lasted three months.

Dr. Rothrock was particularly struck by the contrast between the

Bahamas and Jamaica. In the course of some interesting obser-

vations printed in the latest instalment of the Proceedings of the

American Philosophical Society, he points out that the Bahamas

are low and show no considerable elevation, while Jamaica
reaches a maximum altitude of 7360 feet above the sea-level.

The soil of the Bahamas is scanty, and consequently cultivation

entails fertilization. That of Jamaica is of great depth, and its

continued productiveness is evidence of a vast natural fertility.

The flora of the Bahamas shows marked resemblance to that of

Florida. The flora of Jamaica is essentially tropical, save at

such altitudes as suit plants of cooler rejjions. In such places

are found the common chickweed {Stellaria media), the white

clover ( Tri/oliiiin repetis), associated with plants from the cooler

parts of southern regions. The mangrove {Rkizophora Diangle),

common to the tropical seas around the glo'ie, attains in Jamaica

(compared with that in Florida and in the Bahamas) a surprising

height. Near Port Morant are large jungles, where the trees

attain a height of at least 60 feet. Dr. Rothrock calls at-

tention to possible tannin production from the mangrove.
No tree in North America, he says, at all approaches the

mangrove in the percentage of tannin it contains. That the

mangrove should have remained so long unutilized is due to the

difficulty of obtaining its tannin free from colouring matter.

Dr. Rothrock thinks that in the near future, owing to exhaustion

of other tannin-producing trees, the arts will be forced to draw

upon the mangrove, even if an improved chemistry is not able

to free it from this objectionable colour. The natives obtain a

red-brown dye from the bark by simply steeping it in water.

Mr. T. Southwell, Norwich, j-ecords in the April number

of the Zoologist that he was lately informed, by Mr. D. C.

Burlingham, of the occurrence of a male Greenland shark,

{Lamargus borealis), which measured 14 feet 2 inches in length

and weighed \\ tons, at Lynn, on the 21st of January last. It was

found stranded on a sand-bank on the east side of the Bulldog

Channel, and was brought up to Lynn by a fishing-smack, being

still alive when Mr. Burlingham saw it. It was subsequently

exhibited at Cambridge, and its owner intended to take it to

Huntingdon, Peterborough, and elsewhere. This species is of

rare occurrence on the Norfolk and Suffolk coast, and the

present example is only the fourth of which Mr. Southwell has

notes.

Dr . E. Rathay states that the galls of Cynips calycis, pro-

duced on Quercus pedunculata, attract, by their viscid secretion,

a number of small ants, which he believes to be advantageous
to the tree, in killing quantities of caterpillars and other insects

which are its natural enemies. He illustrates the value of this

protection by the statement that the inhabitants of a single ants'

nest may destroy in a single day upwards of 100,000 insects.

In the Bulletiino of the Italian Botanical Society, Signor F.

Pasquale proposes a new theory of the morphology of ihe

carpel in flowering plants, founded on an extended observation

of the course of the vascular bundles. According to him, a

carpel is not a single modified leaf, but is the result of the con-

crescence of three, less often of two, leaves, which take part in

the formation and in the nutrition of the ovules and of the

seeds. The carpel is therefore a triphyllome, of which one leaf

(the inferior one) is sterile, and the other two (superior) are

fertile ; and between these there is an intimate fusion, with

complete anastomosis of the vascular bundles. Eath fertile
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leaf is composed of a membranous portion, the placental

hemiphyll, and an ovular hemiphyll, which is entirely trans-

formed into the ovules with their funicles, together with the

style and stigma. The placental hemiphyll also takes part in

the formation of the pericarp and septa. The ovules originate

from the whole of the ovular hemiphyll, and not merely from

the carpellary margins or teeth.

We notice the appearance of a very useful work, in Russian,

by Prof. Samokvasoff, on Russian prehistoric antiquities,

under the title of "Foundations of a Chronological Classifica-

tion of Antiquities, and Catalogue." As seen from the title,

the work consists of two parts : a catalogue of the very rich

collection of the Russian Professor, partly illustrated, and a

general description of the various epochs which may be

distinguished in the relics of the past on the territory of Russia.

He has no difficulty in showing that the Slavonians of the first

centuries of our era were by no means mere savages. The

burial places of that period, usually situated close to the earthen

forts, some of which mu^t have required the work of a consider-

able population, contain hundreds and thousands of graves, so

that it is certain that the Slavonians of that period were living

in large societies, and had their fortified towns. The same

burial customs prevailed over large areas, but the treasures now

unearthed from various graves show that differences of wealth and

social position existed at that time as well. Considerable amounts

of Greek, Roman, and Arabian gold and silver coins were found

in the graves, the metal alone of the coins found in some graves

attaining, at its present prices, the value of several hundred

pounds ; while numbers of objects of art, of Greek, Roman,

Byzantine, and Arabian origin, are proofs of the brisk foreign

trade which took place at that time. The graves of the pagan

Slavonians contain flax, woollen, silk, and gold-embroidered

tissues; ornaments in gold, silver, bronze, and bone; iron

weapons and parts of armament ; gold, silver, bronze, iron, and

clay vessels, and so on ; while the sickles and the grains of

wheat, oat, and barley which were found in the graves of South

Russia, together with small idols and other objects devoted to

pagan worship, are proofs of agriculture having been carried on

during the pagan epoch.

Two new liquids containing fluorine have been synthesized

by M. Meslans. They are halogen derivatives of glycerin, and

were obtained by allowing allyl fluoride, a gaseous substance

recently described by M. Meslans, to react with chlorine and

bromine. Allyl fluoride, C3H5F, is readily prepared by the

gradual addition of allyl iodide to dry silver fluoride. It is a

colourless gas of peculiar odour, which burns with a luminous

flame upon ignition, with liberation of vapour of hydrofluoric

acid. When a jet from which chlorine is escaping is brought

into a vessel filled with allyl fluoride, combination at once

ensues, and drops of a colourless liquid commence to be deposited

upon the walls of the vessel. In order to obtain the liquid in

greater quantity a large flask is employed, through the caoutchouc

stopper of which pass two tubes, one delivering chlorine and

the other allyl fluoride. Considerable heat is developed during

the act of combination, hence the flask is immersed in a bath of

cold water. A slight excess of chlorine is maintained during

the reaction, and the liquid which rapidly collects is consequently

coloured green ;
but when sufficient has been accumulated the

supply of chlorine is first arrested in order that the excess of

that gas, which produces the green coloration, shall be con-

verted to the colourless liquid by the still-issuing allyl fluoride

and the liquid thus decolorized. The colourless mobile liquid

so obtained is then submitted to distillation, when practically

the whole passes over into the receiver between 122° and 123°.

If the synthetical preparation is conducted volumetrically, it is

found that equal volumes of allyl fluoride and chlorine unite ;
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the resulting liquid [therefore presumably possesses the com-

position C3H5FCI2, an assumption confirmed by a determination

of vapour density which yielded the number 4*50, the vapour
density calculated from this formula being 4*5 1. The compound
is indeed a derivative of glycerin, its constitution being probably

CHgCl—CHCl—CHoF, and may be termed dichloro-fluor-

hydrin.

The second new compound is analogous to the one just

described, and resembles it very closely in properties. It is ob-

tained by the direct union of bromine with allyl fluoride. If a

few drops of bromine are allowed to fall into a vessel filled with

allyl fluoride, the latter is rapidly; absorbed with considerable

rise of temperature, the red colour of the bromine simultaneously

disappearing. To prepare the liquid in quantity, allyl fluoride is

allowed to stream slowly into a quantity of bromine contained

in a cooled flask, the operation being continued until the red

colour of the liquid has entirely disappeared. The colourless

liquid thus obtained distils without decomposition at i62°-l63°.

The data afforded by ^determinations of the bromine content

and the vapour density point to the formula C3H5FBr2. Both

the liquids above described appear to be very stable compounds,
for even during their distillation the glass vessels containing

them exhibit no signs of etching. They are miscible with ether,

and readily soluble in absolute alcohol, but they are almost

perfectly insoluble in water. They possess pleasant odours,

somewhat remmding one of chloroform, and are sweet but

burning in taste. They are incombustible, but at a high tem-

perature the vapours burn with liberation of hydrofluoric and

hydrochloric or hydrobromic acids.

The additions to the Zoological Society's Gardens during the

past week include a Guinea Baboon {Cynocephalus sphinx ? ),

a Bateleur Eagle {Helolarsus ecaudatus), a Puff" Adder {Vipera

arielans) from South Africa, presented by Mr. Keith Anstruther ;

a Japanese Deer [Cerviis sika ? ) from Japan, presented by Sir

Douglas Brook, Bart. ;
a Wedge-tailed Eagle {Aquila audax)

from Australia, presented by Miss Carr ; a Tawny Owl

{Syrniuni aluco), European, presented by Mr. E. A. Rocheda
;

a Puff Adder {Vipera arietans) from South Africa, presented

by Mr. D. Wilson ; two Common Vipers ( Vipera berus), British,

presented by Mr. W. H. B. Pain ;
a Shielded Eryx {Eryx

thebaictis) from North Africa, deposited ;
four Topela Finches

{Munia topela) from China, a Black-necked Swan {Cygnus

nigricoUis) from Antarctic America, purchased.

OUR ASTRONOMICAL COLUMN.

The Relative Motion of 61 Cygni.—The large proper
motion of 61 Cygni, combined with its remarkable duplex

character, renders it an object of great interest. Doubts have

been expressed, however, as to whether the two components are

really connected by a bond of mutual attraction, and it has been

assumed that they will gradually separate and traverse widely
different paths in space. Prof. A. Hall has brought together

all the observations which have been made of the position-angle

and distance of the star since 1825, and has investigated them

with a view of settling this question {Astrottomtcal Journal,
No. 258). The result is in favour of the physical connection of

the two stars, but all that can be said of the period of revolution

is that it is very long. The mass of the brighter star appears to

be 3 "4 limes that of the companion.

The Temperature of the Sun.—Numerous attempts

have been made to determine the sun's temperature, and the

results obtained range from 1500° to 5,000,000 . The enormous

differences that exist between the different estimates result from

the fact that different laws have been assumed to represent the

rate of radiation. M. H. Le Chatelier communicated the

latest contribution to the subject at the meeting of the Paris

Academy of March 28. His experiments show that the intensity
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of the radiations emitted by an incandescent body of which the

emissive power is unity is expressed by the formula—
_ „.- _ "2210
I = 10^ 7 T-^—- .

T
The temperatures employed range from 680" to i77o°> and these,

with the observed intensity of radiation, have been used to plot
a curve. By extending the curve and measuring the intensity of

the radiation from the sun, an estimation of 7600° as the effective

solar temperature is obtained. The term effective temperature
is used to express that temperature which a body having an

emissive power equal to unity should possess, in order to send out

radiations of the same intensity as the sun. The real temperature
of the photosphere is higher than 7600°, because its radiations are

absorbed by the cooler solar atmosphere, and it may be, also,

because the emissive power of the sun is less than unity.

Comet Swift, March 6.—The following ephemeris for this

comet is given in Astronomische Nachrichten, No. 3082, for

X2h. Berlin mean time :
—

i8q2. R.A. Decl.

April 8
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cells become absorbed. In C. gfauca and RumphianaXxdL^€\^z%
are formed, analogous to the elaters of the Hepaticae ; their func-

tion is uncertain. The megaspores, or embryo-sacs, of which
there are usually from sixteen to twenty, lengthen in the direction

of the chalaza, some of them sometimes penetrating and forming" tails" between the elements of the fibrovascular bundle of the

funicle. The sister-cells of the embryo-sacs, instead of being
absorbed at an early period, as in other Angiosperms, disappear

only much later. The megaspores which develop fully divide at

the end into two or three cells, which are in most cases naked,
and result from the division of a single cell. In the great

majority of cases only a single megaspore in each nucellus has

these terminal or sexual cells furnished with cell-walls ; this is

the future embryo-sac. The oosphere is always formed from
the sexual cell which has the thickest wall. No antipodals are

formed.

Only a single ovule is ever fertilized, and the pollen-grain
which fecundates it advances towards the embryo-sac in a way
entirely different from anything that occurs in other Phanero-

gams. The pollen-tube does not enter the ovarian cavity ; it

descends the stylary cylinder, crosses the bridge and the tissue

which unites the ovule with the wall of the ovary, and arrives at

the fibrovascular bundle which leads to the chalaza, where it

produces two short branches, then traverses the chalaza, and
enters the ovule by means of the

"
tail" of a sterile megaspore,

and continues its course towards the embryo-sac. Towards the

middle of the nucellus it contracts, tapers off, and ruptures, the

terminal fecundating portion becoming separated from the rest

of the pollen-tube. This portion, which has a thickened wall,

and contains distinct protoplasm, never enters the micropyle or

the embryo-sac, but becomes firmly attached to the wall of the

latter, at a spot variable in position, but always at some distance

from the sexual apparatus. Dr. Treub has not, at present, been
able to detect in this portion a definite nucleus, or to follow the

actual process of fecundation. During the development of the

embryo-sac, numerous endosperm-nuclei are formed, and subse-

quently the embryo makes its appearance. The mode of de-

velopment of the embryo does not differ from that which occurs

in other Dicotyledons.
The peculiar processes which accompany the act of fecunda-

tion, and the presence of a large number of megaspores, each

containing a sexual apparatus, induce Dr. Treub to regard the

Casuarinacese as a distinct group of Angiosperms, of equal rank

with the Monocotyledones and Dicotyledones together, and he

proposes the following primary classification of Phanerogams :
—

I. Gymnosperms.
II. Angiosperms.

A. Chalazogams (Casuarinacese).
B. POROGAMS.

1. MonocotyJedones.
2. Dicotyledones.

The Chalazogams are not intermediate between Gymno-
sperms and Angiosperms, but occupy an isolated and inferior

position among the latter, somewhat analogous to that of

Lycopodium among Vascular Cryptogams. The paper is illus-

trated by 21 fine plates. A. W. B.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Oxford.—Endowment of Original Research.
—The following

notice has been received by the Vice-Chancellor:—A gentle-
man has established a Scholarship of ^loo, tenable for one

year, for the encouragement of original research. The Scholar

will be selected by a Committee composed of Dr. George Thin,

Surgeon-General Cornish, and Prof. A. Winter- Blyth. The
conditions of the Scholarship are, that the research be on a

subject requiring for its elucidation both chemical and bacterio-

logical methods, and the subject will be selected by the Com-
mittee of Selection. With the concurrence of the Scholar, the

work is to be done in the laboratories of the College of State

Medicine, loi Great Russell Street, W.C., and the Scholar will

have to devote his whole time to the work. Application to be
made to Surgeon-General Cornish, on or before April i8, 1892.

In a Convocation held on April 5, it was decreed (the
Council of the Royal Geographical Society having offered a

further sum of ;^i5o a year, to be met by an equal sum from
the University, for the payment of a Reader in Geography
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during the next five years) that the offer be accepted, and that
the thanks of the University should be conveyed to the Counci
of the Royal Geographical Society for their liberal offer.

The programme of the fifth summer meeting of University
Extension and other students, to be held in Oxford in July and
August 1892, has been issued, and in its general character
resembles that of last year. The inaugural lecture will be de-
livered by Mr. John Addington Symonds (if his health permits)
on Friday, July 29, at 8.30 p.m. The meeting will, as in

former years, be divided into two parts, viz. from July 29 to

August 9, and from August 10 to August 26. In Natural
Science the following arrangements have been made :

—
In Chemistry : a course of eighteen days' practical instruction

in the University laboratory, limited to 100 students, conducted

by Messrs. J. E. Marsh and A. D. Hall of Balliol College.
In Geology : a special course of fourteen days' practical in-

struction, with field work provided, if at least 40 students offer

themselves.

In Botany : in addition to lectures on primroses and their

relations, it is proposed to arrange, for a class of not less than

40 students, a three weeks' course of practical instruction.

In Biology : to the same minimum number of students is

offered a special course of lectures and demonstrations in the

physiological laboratory, to form an introduction to the study
of life, and especially of nervous organisms.

Courses of lectures and instruction on Astronomy, Mechanics,
Sound, Light and Heat, Electricity, Physiography, and Hygiene
can be arranged.

It is also announced that there will be no summer meeting
in 1893, ^s during August in that year the Examination Schools
will be in the hands of workpeople.

St. Andrews.—Summer Session.—A course of lectures in

zoology and botany, qualifying for graduation, will commence
on May 2, the former by Prof. Prince, the latter by Mr. Robert-

son, the University Lecturer on Botany. These are open to

students of either sex.

SOCIETIES AND ACADEMIES.
London.

Royal Society, March 31.
— "Aberration Problems: a

Discussion concerning the Connection between Ether and
Matter, and the Motion of the Ether near the Earth." By
Oliver Lodge, F. R.S., Professor of Physics, University College,

Liverpool.
The paper begins by recognizing the distinction between ether

in free space and ether as modified by transparent matter, and

points out that the modified ether, or at least the modification,

necessarily travels with the matter. The well-known hypothesis
of Fresnel is discussed and re-stated in modern form.

Of its two parts, one has been verified by the experiment of

Fizeau, the other has not yet been verified. Its two parts are,

(i) that inside transparent matter the velocity of light is affected

by the motion of that matter, and (2) that immediately outside

moving matter there is no such effect. The author proceeds to

examine into the truth of this second part, (i) by discussing what
is already known, (2) by fresh experiment.
The phenomena resulting from motion are four, viz. :^
(i) Changes in direction, observed by telescope and called

aberration.

(2) Change in frequency, observed by spectroscope and
called Doppler effect.

(3) Change in time of journey, observed by lag of phase or

shift of interference bands.

(4) Change in intensity, observed by energy received by
thermopile.

After a discussion of the effects of motion in general, which
differ according as projectiles or waves are contemplated, the

case of a fixed source in a moving medium is considered ; then of
a moving source in a fixed medium ;

then the case of medium
alone moving past source and receiver ; and, finally, of the

receiver only moving.
It is found that the medium alone moving causes no change

in direction, no change in frequency, no detectable lag of

phase, and probably no change of intensity ;
and hence arises

the difficulty of ascertaining whether the general body of the

ether is moving relatively to the earth or not.

A clear distinction has to be drawn, however, between the

effect of general motion of the medium as a whole, and motion
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of parts of the medium, as when dense matter is artificially
moved. The latter kind of motion may produce many effects

which the former cannot.
A summary of this part of the discussion is as follows :

—
Source alone moving produces a real and apparent change of

colour ;
a real but not apparent error in direction ; no lag of

phase, except that appropriate to altered wave-length ; a change
of intensity corresponding to different wave-lengths.
Medium alone moving, or source and receiver moving to-

gether, gives no change of colour ; no change of direction
;
a

real lag of phase, but undetectable without control over the

medium ;
a change of intensity corresponding to different

distances but compensated by change of radiating power.
Receiver alone moving gives an apparent change of colour

;

an apparent change of direction ; no change of phase, except
that appropriate to extra virtual speed of light ; change of

intensity corresponding to different virtual velocity of light.

The probable absence of a first order effect of any kind, due
to ethereal drift or relative motion between earth and ether,
makes it necessary to attend to second order effects.

The principle of least time is applied, after the manner of

Lorentz, to define a ray rigorously, and to display the effect of

existence or non-existence of a velocity potential. Fresnel's

law is seen to be equivalent to extending the velocity potential

throughout all transparent matter.

It is shown that a ray traversing space or transparent sub-

stances will retain its shape, whatever the motion of the medium,
so long as that motion is irrotational, and that in that case the

apparent direction of objects depends simply on motion of ob-

server ; but, on the other hand, that if the earth drags with it

some of the ether in its neighbourhood, stellar rays will be

curved, and astronomical aberration will be a function of latitude

and time of day.
The experiment of Boscovich, Airy, and Hoek, as to the effect

of filling a telescope-tube with water, does not discriminate

between these theories. For if the ether is entirely non-viscous

and has a velocity potential, stellar rays continue straight, in

spite of change of medium (or at oblique incidence are refracted

in the simple manner), and there will be no fresh effect due to

change of medium ; while, if, on the contrary, the ether is all

carried along near the earth, then it is stationary in a telescope

tube, whether that be filled with water or air, and likewise no
effect is to be expected. In the case of a viscous ether, all the

difficulty of aberration must be attacked in the upper layers
above the earth ; all the bending is over by the time the surface

is reached. It is difficult to see how an ethereal drift will not

tend to cause an aberration in the wrong direction.

Of the experiments hitherto made by Arago, Babinet, Max-

well, Mascart, Hoek, and perhaps others, though all necessary
to be tried, not one really discriminates between the rival hypo-
theses. All are consistent either with absolute quiescence of

ether near moving bodies, or with relative quiescence near the

earth's surface. They may be said, perhaps, to be inconsistent

with any intermediate position.
Two others, however, do appear to discriminate, viz. an old

and difficult polarization experiment of Fizeau {Ann. de Chim.
et de Phys., 1 859), which has not been repeated since, and the

recent famous experiment of Michelson {Phil. Mag., 1887) with

rays made to interfere after traversing and retraversing paths at

right angles.
The conclusions deducible from these two experiments are

antagonistic. Fizeau's appears to uphold absolute rest of ether;
Michelson's upholds relative rest, i.e. drag by the earth.

The author now attempts a direct experiment as to the effect

of moving matter on the velocity of light in its neighbourhood ;

assuming that a positive or negative result with regard to the

effect of motion on the velocity of light will be accepted as

equivalent to a positive or negative result with respect to the

motion of the ether.

He gives a detailed account of the experiment, the result of

which is to show that such a mass as a pair of circular saws

clamped together does not whirl the ether between the plates to

any appreciable amount, not so much, for instance, as a i/500th

part of their speed. He concludes, therefore, that the ether is

not appreciably viscous. But, nevertheless, it may perhaps be

argued that enormous masses may act upon it gravitationally,

straining it so as perhaps to produce the same sort of effect as if

they dragged it with them. He proposes to try the effect of a

larger mass. Also to see if, when subject to a strong magnetic
field, ether can be dragged by matter.
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The aberrational effect of slabs of moving transparent matter
is considered, also the effect of a differently refractive medium.
Motion of medium, though incompetent to produce any aber-

rational or Doppler effect, is shown to be able to slightly modify
them if otherwise produced.
The Doppler effect is then entered into. The question is dis-

cussed as to what the deviation produced by a prism or a grating
really depends on : whether on frequency or wave-length. It is

shown that whereas the effect of a grating must be independent
of its motion and depend on wave-length alone, yet that the

effect observed with a moving grating by a moving observer

depends on frequency, because the motion of the observer super-
poses an aberrational effect on the true effect of the grating.
This suggests a means of discriminating motion of source from
motion of observer

;
in other words, of detecting absolute

motion through ether ; but the smallness of the difference is not

hopeful.
Michelson's experiment is then discussed in detail, as a case

of normal reflection from a moving mirror or from a mirror in a

drifting medium. No error in its theory is discovered.

The subjects of change of phase, of energy, of reflection in

a moving medium, work done on a moving mirror, and the

laws of reflection and refraction as modified by motion, are

considered.

It is found that the law of reflection is not really obeyed in a

relatively moving medium, though to an observer stationary
with respect to the mirror it appears to be obeyed, so far as the

first order of aberration magnitude is concerned ; but that there

is a residual discrepancy involving even powers of aberration

magnitude, of an amount possibly capable of being detected by
very delicate observation.

The following statements are made and justified :
—

(1) The planes of incidence and reflection are always the

same.

(2) The angles of incidence and reflection, measured between

ray and normal to surface, usually differ.

(3) If the mirror is stationary and medium movintj, they
differ by a quantity depending on the square of aberration mag-
nitude, i.e. by I part in 100,000,000 ; and a stationary tele-

scope, if delicate enough, might show the effect.

(4) If the medium is moving and mirror stationary, the

angles differ by a quantity depending on the first power of

aberration magnitude (i part in 10,000), but a telescope moving
with the mirror will not be able to observe it ; for the common-

place aberration caused by motion of receiver will obliterate

the odd powers and leave only the even ones ;
the same as in

case (3).

(5) As regards the angles which the incident and reflected

waves make with the surface, they differ in case (3) by a first

order magnitude, in case (4) by a second order magnitude.

(6) At grazing incidence the ordinary laws are accurately

obeyed. At normal incidence the error is a maximum.

(7) The ordinary laws are obeyed when the direction of drift

is either tangential or normal to the mirror, and is disobeyed
most when the drift is at 45°.

(8) In general, the shape of the incident wave is not precisely

preserved after reflection in a moving medium. To a parallel
beam the mirror acts as if slightly tilted ;

to a conical beam as

if slightly curved. But either effect, as observable in the result,

is almost hopelessly small.

(9) Similar statements are true for refraction, assuming
Fresnel's law.

The possibility of obtaining first order effects from general
ethereal motion by means of electrical observations is considered.

Chemical Society, March 17.—Dr. W. J. Russell, F.R.S.

Vice-President, in the chair.—The following papers were
read :

—A study of the conditions which determine combination
between the cyanides of zinc and mercury, and of the composi-
tion and properties of the resulting double salt, by W. R.

Dunstan. When a solution of zinc sulphate is added to one of

mercuric potassium cyanide, HgK2(CN)4, or when mercuric

chloride is added to a solution of zinc potassium cyanide,

ZnK„(CN)4, a white precipitate is formed, which has been stated,

on the authority ofGmelin, to consist of a double cyanide of zinc

and mercury of the formula ZnHg(CN)4. This, however, is not

the case. The maximum amount of mercuric cyanide that can

be retained by the precipitate is only 38 '5 per cent., and is

dependent on the amount of water present during precipitation
as well as on the proportions in which the sails interact. When
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washed with cold water the precipitate loses a large proportion,
though not all, of the mercuric cyanide contained in it. Boiling
water and cold potassium iodide solution extract the mercuric

cyanide more readily. Experiments have been made in which
the relative masses of the interacting substances were varied,
these experiments prove that a true compound of the two
cyanides is formed, and suffers decomposition to a greater or less

extent, depending on the amount of water present. An examina-
tion of the curves plotted from these results leads to the inference
that the double salt is a tetrazincic monomercuridecacyanide,
Zn4Hg(CN)io.—A lecture experiment to illustrate the phenomena
of coal-dust explosions, by T. E. Thorpe. The author describes
an apparatus by means of which the phenomena of a coal-dust

explosion, resulting either from a local explosion of fire-damp or

by the direct action of a blown-out shot, may be illustrated. The
apparatus consists of a long narrow wooilen box having an

explosion chamber at one end ; a thin layer of fine coal-dust or

lycopodium powder is spread along the bottom of the box. On
firing a mixture of coal-gas and air in the explosion chamber,
the explosive wave sweeps along the box with increasing strength
until it shoots out at the open end of the apparatus. By observa-
tions made with this apparatus the author finds that there is no
evidence of a diminution of pressure along the sides of the space
through which the flame rushes, and he is of opinion that there
is no experimental proof of the validity of the " suction theory,"
which assumes that in consequence of this alleged diminution of

pressure, occluded firedamp is drawn out from the coal, and
contributes to the violence of the explosion.—The production of
the keti)ne, 1:2:4 acetylorthoxylene from camphor by the
action of sulphuric acid and zinc chloride, by H. E. Armstrong
and F. S. Kipping. The authors have previously stated that

they have separated a ketone of the composition CgHijO from the
crude product of the action of sulphuric acid on camphor. On
treatment with bromine the ketone yields a compound which

readily decomposes, giving a monobromo-derivative, CgHnBrO,
melting at 63°-64°. When oxidized with dilute nitric acid, the
ketone yields two acids, separable by means of chloroform.
One of these proves to be paraxylic acid, viz. 1:2:4 dimethyl-
benzoic acid, whilst the other is xylidinic or i : 2 : 4 methyliso-
phthalic acid. The ketone is therefore 1:2: 4 acetylorthoxylene,
a compound which Claus has synthesized from acetic chloride
and orthoxylene in presence of aluminium chloride.—Platinum

tetrachloride, by W. Pullinger. The author has obtained

platinum tetrachloride by heating hydrated hydrogen platinic
chloride in a current of dry hydrogen chloride at 163° for fifteen

hours.. When thus prepared, it isa very soluble, but not deli-

quescent, substance. —Note on a new acid from camphoric acid,

by W. H. Perkin, Jun. When warmed with sulphuric acid,

camphoric acid is converted into sulphocamphoric acid, with loss

of water and carbon monoxide, CjoHjbOj -f H0SO4 = CgHj,,
SOg -F CO + H^O. Kachler found that, when fused with

potash, sulphocamphoric acid yields a crystalline substance,

CgHjoOo, melting at 148°, which is apparently not an acid.

The author in repeating Kachler's experiments, but sulphonat-
ing at 100" instead of at 65°, obtained a well-characterized
monobasic acid, CgHj„0.2, isomeric with this substance and melt-

ing at 108°. It would appear from these results that the acid

obtained by sulphonating camphoric acid at 100° is isomeric with

ordinary sulphocamphoric acid.—The specific rotatory and cupric
reducing power of invert sugar and of dextrose obtained from
cane sugar by means of invertase, by J. O'Sullivan. The author
describes experiments in which the hydrolysis of cane sugar was
effected by means of invertase instead of by means of acid. The
specific rotatory power of invert sugar obtained by means of

invertase, which has no action on Isevulose, is \(x\j=
-

24°'5,
and that of the dextrose prepared from such invert sugar is

[a]y = 57°. The apparent specific rotatory power of Izevulose

calculated from these numbers is [a]y = -
106°, or [a]D= —93° '8,

a value agreeing with that generally accepted.
—

Ethyldimethyl-
amidobenzene, by W. R. Hodgkinson and L. Limpach. This
amine is prepared by heating paraxylidine hydrochloride with

ethyl alcohol at 25o°-300°. It is purified from diethyldimethyl-
amidobenzene by crystallization of the sulphates. The sulphate
of the latter substance is the more soluble. The formyl and
acetyl derivatives of the amine are described.—Action of nitric

acid on oxanilide and its analogues, by A. G. Perkin. The
author finds that oxanilide and its analogues are readily con-
verted by nitration into the higher nitro-derivatives, thus

differing from acetanilide and similar compounds, which yield
dinitro-derivatives only with great difficulty.
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Royal Meteorological Society, March 16.—Dr. C. Theo-
dore Williams, the President, delivered an address on the value
of meteorological instruments in the selection of health resorts.

He drew attention to thermometers, maximum and minimum,
as the foundation-stone on which medical climatology rests, and
instanced effects of extreme cold or of heat on the human or-

ganism. The direct rays of the sun are of the greatest import-
ance, and in health resorts should be utilized to the full—in fact,

only climates where during the winter months even a delicate

person can lie or sit for several hours a day basking in the sun-

shine are to be recommended for most complaints, and the

various forms of sunshine-recorders are used to aid the medical
adviser in the choice of such health stations. After referring
to the value of rain-gauges, hygrometers, and barometers. Dr.

Williams stated that many health resorts owe their reputation
almo-t solely to their shelter from cold winds ; for instance, the

advantage in climate which Hyeres and Mentone enjoy over

Marseilles is chiefly due to their being more sheltered from the

Mistral, or north-west wind, 'the scourge of the lower valley of the

Rhone from Valence to Avignon. He went on to describe the

climate of the Riviera, illustrating it by lantern slides from recent

photographs, including views of Hyeres, Costabelle, Cannes,
Nice, Mentone, San Remo, &c., and he showed the three prin-

cipal causes of the warm winter of this region to be (i) the

southern latitude, (2) the protection from cold winds by moun-
tain ranges, and (3) the equalizing and warming influence of the

Mediterranean Sea, which, being practically tideless, is always
equally potent, not varying with hour and season. Dr. Williams
mentioned the weak points of the south of France climate, with

its blustering Mistral, its occasional cold Bise, its moist Scirocco
wind ; but summed up the Riviera winter climate as being, as a

whole, clear, bright, and dry, with fog and mist practically un-

known, with a winter temperature from 8° to 10° higher than

England though subject to considerable nocturnal radiation,
with about half the number of rainy days, and four or five times
the number of bright ones, which we can boast of, with cold
winds and cold weather, without which it would lose its health-

giving effect.—After the delivery of this address the meeting
was adjourned in order to allow the Fellows and their friends an

opportunity to inspect the Exhibition of Instruments relating to

climatology, which had been arranged in the rooms of the In-

stitution of Civil Engineers, 25 Great George Street. The
Meteorological Office showed a set of instruments necessary for

the equipment of a climatological station, viz. Stevenson ther-

mometer screen, fitted with dry bulb, wet bulb, maximum and
minimum thermometers, and alsD a rain gauge. Thermometers
were also shown for ascertaining the temperature on the ground,
under the ground, and at a distance, as well as for recording
temperature continuously. Various forms of sunshine-recorders
were exhibited, as well as a number of actinometers and solar

radiation instruments for ascertaining the heating effect of the
solar rays. The Exhibition included a large and interesting col-

lection of hygrometers, also several rain-gauges and other
instruments. Among the curiosities was a piece of plate glass,
which was "starred" during a thunderstorm on August 21,

1879 ; this was not broken, but it has a number of wavy hair-like

lines. The Exhibition contained a large number of beautiful

photographs of clouds, lightninaf, and snow scenes, as well as of
the damage done by the destructive tornado at Lawrence,
Mass., U.S.A. The Exhibition remained open until Tuesday,
the 22nd ult.

Anthropological Institute, March 22.—Francis Galton,
F. R. S., Vice-President, in the chair.—Mr. Theodore Bent read
a paper on the finds at the Great Zimbabwe ruins. The outer
wall of the semicircular temple on the hill is decorated by a
number of birds perched on long soapstone pedestals, all of
which appear to be intended to represent the same bird, prob-
ably a vulture. Two of the birds, similar in character and

slightly varying from the others, are represented as perched on
zones or cesti, and there seems to be a similar class of symbolism
connecting them all. Mr. Bent is of opinion that these birds

represent the Assyrian Astarte or Venus—the female element in

creation. In the centre of the temple stood an altar, into the
stones of which were inserted a large number of soapstone
objects, which afforded ample evidence of the existence of

phallic worship in this place. Within the sacred inclosure are

two solid round towers, the largest of which is 34 feet in height
and has a girth of 53 feet. Before them is a raised platform,

presumably for sacrifice, and the wall behind them is decorated
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with large standing monoliths. Some of the fragments of

pottery found are very good, and give evidence of a highly
developed artistic skill. Close underneath the temple stood a

gold-smelting furnace, made of very hard cement of powdered
granite, with a chimney of the same material, and the quantity
of rejected quartz found hard by proved that these ruins had
formed the fortress for the protection of a gold-producing
people. The ruins and the things in them are not in any way
connected with any known African race ; the objects of art and
of special cult are foreign altogether to the country, and neither
the date of construction nor the race of the builders can now be
determined with accuracy ;

but the evidence in favour of this

race being one of the many tribes of Arabia is very strong, and
all the facts point to a remote antiquity.

Paris.

Academy of Sciences, March 28.—M. d'Abbadie in the
chair.—Note on a theorem on the calculation of probabilities,
by M. J. Bertrand.—On the periodic variations of latitude, ac-

cording to a letter from M. Helmert to the members of the Per-
manent Commission of the International Geodetic Association,
by M. Faye. (See Our Astronomical Column.)—On the

approximate theoretical calculation of the delivery from an
orifice in a thin wall, by M. J. Boussinesq.—On the population
of the five continents of the earth, by M. Emile Levasseur. A
comparison of M. Levasseur's estimations with those given by
others shows that the differences are greater for Africa, Asia,
Oceania, and America, than for Europe. This is what would
be expected. M. Levasseur's numbers are as follows :

—

Europe
Africa
Asia
Oceania
North America
South America

Total ...

Area,
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A REMARKABLE BOOK ON THE HABITS
OF ANIMALS.

By W. H. Hudson,

(London : Chapman
The Naturalist in La Plata.

C.Z.M.S. With Illustrations,

and Hall, Ltd., 1892.)

THIS
volume deserved a more distinctive title, since

it dififers widely from the several works of other

naturalists with which it may be classed judging from

the title-page alone. It is, in fact, so far as the present

writer knows, altogether unique among books on natural

history. It is to be hoped that its success will be propor-

tional to its merits, and that it will form the first of a

series of volumes, by means of which residents in the

various extra-European countries will make known to us

the habits of the animals which surround them. What
renders this work of such extreme value and interest is,

that it is not written by a traveller or a mere temporary

resident, but by one born in the country, to whom its

various tribes of beasts, birds, and insects have been

familiar from childhood ;
who is imbued with love and

admiration for every form of life ; and who for twenty

years has observed carefully and recorded accurately

everything of interest in the life-histories of the various

species with which he has become acquainted. When
we add to this the fact that the writer of this volume is

well acquainted with the literature, both old and new,

bearing upon his subject ; that he groups his facts and

observations so as to throw light on obscure problems,
and often adduces evidence calculated to decide them ;

and, in addition to all this, that the book is written in an

earnest spirit and in a clear and delightful style, it be-

comes evident that not all who attempt to follow in his

steps can hope to equal their forerunner.

As every chapter of the book contains new and in-

teresting matter, it is difficult to convey an adequate idea

of it by partial extracts or by an enumeration of its chief

topics; but the attempt must be made. The first chapter

gives us a general sketch of the " Desert Pampas" and

its forms of animal life. The viscacha, the coypu, and the

tucu-tucu—three strange rodents—are brought vividly

before vis by a description of some of their more prominent
habits ; the edentate armadilloes appear in a new light,

since one of them, the hairy armadillo, is shown to be a

dominant species holding its own against enemies of

higher type, so omnivorous that it can live on almost

everything from grass to flesh, the latter either found

dead and in all stages of decay or captured by means of

its own strategy. It is so agile that it catches mice, so

strong and well armed that it kills poisonous snakes, and

having killed them cuts them in pieces and swallows as

much as it needs. Mr. Hudson adds :
—

"
It is much hunted for its flesh, dogs being trained for

the purpose ; yet it actually becomes more abundant as

population increases in any district ; and, if versatility in

habits or adaptiveness can be taken as a measure of in-

telligence, this poor armadillo, a survival of the past, so

old on the earth as to have existed contemporaneously
with the giant glyptodon, is the superior of the large-
brained cats and canines."
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Equally extraordinary are the still lower opossums, one

of which is semi-aquatic and apparently adapted to its

surroundings, while the other species {Didelphys azarcE)

is in every way adapted to an arboreal hfe, yet it is every-

where found in this level treeless district, which leads to

one of our author's suggestive remarks :
—

" For how many thousands of years has this marsupia
been a dweller on the plain, all its best faculties unexer-

cised, its beautiful grasping hands pressed to the ground,
and its prehensile tail dragged like an idle rope behind

it ! Yet, if one is brought to a tree, it will take to it as

readily as a duck to water, or an armadillo to earth,

climbing up the trunk and about the branches with a

monkey-like agility. How reluctant Nature seems in

some cases to undo her own work ! How long she will

allow a specialized organ, with the correlated mstinct, to

rest without use, yet ready to flash forth on the instant,

bright and keen-edged, as in the ancient days of strife,

ages past, before peace came to dwell on earth !

"

Butwe must pass-on from this mere preliminary chapter to

more solid matter, only noting that we have a vivid sketch

of the great rhea or American ostrich, of the flamingo,

the swans, and the noble crested screamer, all of which

are being exterminated by increasing population and im-

proved weapons ;
and this leads to a noble protest against

this extermination, of which we can only quote the con-

cluding words :
—

"
Only when this sporting rage has spent itself, when

there are no longer any animals of the larger kinds re-

maining, the loss we are now inflicting on this our heritage,

in which we have a life-interest only, will be rightly ap-

preciated. It is hardly to be supposed or hoped that

posterity will feel satisfied with our monographs of extinct

speciesj and the few crumbling bones and faded feathers

which may possibly survive half-a-dozen centuries in some

happily-placed Museum. On the contrary, such dreary
mementoes will only serve to remind them of their loss

;

and if they remember us at all, it will only be to hate

our memory, and our age
—this enlightened, scientific,

humanitarian age, which should have for its motto,
' Let

us slay all noble and beautiful things, for to-morrow we
die.'"

A chapter devoted to the puma is full of new and in-

teresting matter. This animal ranges from British

Columbia to the Straits of Magellan, but throughout this

vast region there seems to be no authentic record of its

ever attacking men except in self-defence. This has led

to its being thought to be cowardly, whereas it is one of

the bravest of the feline race, since it constantly attacks

and conquers the jaguar whenever the two inhabit the

same district, while in North California it is the enemy
of the grizzly bear, and is again always the victor. In

the Pampas, where it is common, the fact that it never

attacks man, in however helpless a position he may be, is

so well known, that the Gaucho confidently sleeps on the

ground, although he knows that pumas are close by ;

while it is said that a child may sleep on the plain un-

protected in equal security. Many curious anecdotes

are given in illustration of this remarkable trait of so

powerful and, as regards all other large Mammalia, blood-

thirsty a creature. And the curious thing is that it seems

to be no dread or dislike of man that leads to the pecu-

harity, but rather some strange feeling of affection, or

sense of pleasure in man's vicinity, shown in many curious

ways, which has led the Pampas-dwelling Gauchos to call

it
"
the friend of man."

B B
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In the next chapter, entitled
" A Wave of Life," we

have a far broader subject touched upon and illustrated

by a mass of curious observations. The interdependence
and complex relations of species, so admirably portrayed

by Darwin, are here brought vividly before us. We are

told how, during a fine moist summer, when grass and
flowers were abundant, mice increased to an abnormal,

extent, so that everywhere in the fields it was difficult to

avoid treading on them, while dozens could be shaken
out of every hollow thistle-stalk lying on the ground.
The most incongruous animals swarmed to the feast

which they provided. Dogs lived almost entirely on

them, as did the domestic fowls, assuming the habits of

rapacious birds. The cats all left the houses to live in

the fields. Tyrant-birds and cuckoos seemed to prey
on nothing else. Foxes, weasels, and opossums fared

sumptuously, and even the common armadillo turned

mouser with great success. Storks and short-eared owls

gathered to the feast, so that fifty of the latter birds could

often be seen at once, and they got fat and bred in the

middle of winter, quite out of their proper season, in con-

sequence. The following winter was a time of drought,
the grass and herbage had all been consumed or was
burnt up, and the mice, having no shelter, and being

obliged to search for food, soon fell a prey to their nume-
rous enemies, and were almost wholly exterminated.

Their vast increase, by bringing together innumerable

enemies, was the cause of their succeeding decrease. As
Mr. Hudson well remarks :

—
"
Here, scene after scene in one of Nature's silent,

passionless tragedies opens before us, countless myriads
of highly-organized beings rising into existence only to

perish almost immediately, scarcely a hard-pressed rem-
nant remaining after the great reaction to continue the

species."

We cannot stop to notice a tithe of the curiosities of

natural history with which this volume abounds, such as

the poisonous toad which kills horses, and the wrestler

frog, which gives a sudden pinch to an enemy with its

muscular fore-legs, and then escapes ; the huge venomous

man-chasing spider, a species of Lycosa, which actually

pursues men on foot and on horseback
; the strange

dread which gnats, mosquitoes, and sand-flies have of

dragon-flies, so that a single individual of the latter insect

will cause clouds of the tormentors instantly to disappear ;

the interesting discussion on parasite problems, and the

wonderful storms of dragon-flies which precede wind-
storms from the interior

; the new and interesting cases

of mimicry and of warning colours ; and the delightful

chapter on the crested screamer, the author's prime
favourite among all the denizens of the Pampas, which,

though possessing a body as large as that of a swan, yet
soars up into the air like a lark, and in flocks of thou-

sands, when so high as to appear only specks in the blue

sky, pours forth its song in silvery sounds delightful to

listen to. These and many other matters of interest

must be studied in the book itself, since we must devote

the remainder of our limited space to some valuable

observations and discussions on certain instincts, by
which new Hght is thrown on several disputed questions.
The chapter on

" Fear in Birds "
is especially interesting,

since the result of the author's observations is opposed to

the view held by Darwin and Herbert Spencer as to their
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instinctive fear of man or birds of prey antecedent to-

experience or parental teaching. The one thing that is-

instinctive is the alarm caused by the warning note of
the parent. This produces an efl"ect even before the

chick is hatched, for, in three different species belonging
to widely separated orders, Mr. Hudson has watched the

nest while a young bird was chipping its way out of the

^gg and uttering its feeble peep, when, on hearing the

warning cry of the mother-bird, both sounds instantly

cease, and the chick remains quiescent in the shell for a

long time, or till the parent's changed note shows that the

danger is over. Young nestling birds take their food as

readily from man as from their parents, till they hear the

warning cry, when they immediately close their mouths,
and crouch down frightened in the nest. Parasitical

birds which do not recognize the warning cries of their

foster-parents show no fear. The young parasitical
cow-bird takes food from man, and exhibits no fear

although the foster-parents are hovering close by scream-

ing their alarm notes. So, a young wild dove, reared

from the ^g-g by domestic pigeons which, never being
fed, were half wild in their habits, never acquired the

wildness of its foster-parents, but became perfectly tame
and showed^no more fear of a man than of a horse. He
had none of his own kind to learn from, and did not

understand either the voices or the actions of the dove-
cot pigeons. Mr. Hudson has also reared plovers, tina-

mous, coots, and many other wild birds from eggs
hatched by fowls, and found them all quite incapable of

distinguishing friend from foe, while some, such as the

rhea and the crested screamer, are much tamer when

young than domestic chickens and ducklings.
Mr. Hudson concludes that birds learn to distinguish

their enemies, first from parental warnings and later by
personal experience, and he considers that this view is

confirmed by the different behaviour of birds in the pre-
sence of various species of the hawk tribe, the amount
of alarm shown being exactly proportionate to the degree
of danger. Some hawks never attack birds, others only

occasionally. The chimango kite is chiefly a carrion-

feeder, and its presence excites no alarm among small

birds. One of the harriers is so like the chimango in

some states of plumage that the latter is sometimes mis-

taken for it, and a certain amount of fear is exhibited,

which, however, soon passes away on discovering the real

nature of the intruder. Buzzards are still more feared

than harriers, as they are more destructive to birds, and

they cause a somewhat greater amount of alarm. But

most dangerous of all is the peregrine falcon, and, however

high in the air this may be, the feathered world is thrown

into the greatest commotion, all birds, from the smallest

up to species as large as duck, ibis, and curlew, rushing
about as if distracted. Even when the falcon has disap-

peared, the wave of terror excited by it subsides but

slowly, and the birds continue for a considerable time to

be wild and excited. Now, this nicely-measured alarm,

I
proportioned to the danger to be apprehended from the

different species, can hardly be due to inherited instinct,

even if this could explain the general dread of raptorial

birds ; and, taken in connection with the numerous other

facts in the habits of young birds, leads to the conclusion

that fear of enemies is wholly the result of education and

experience.
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Perhaps the most interesting chapter in the whole

volume, the fullest in new matter, and the most important
in its bearing on a much-disputed theory, is that on
" Music and Dancing in Nature." The result of Mr.

Hudson's long-continued observations is that almost all

mammals and birds have the habit of indulging occa-

sionally in more or less regular performances, with or

without sound, or composed of sound only, some being

only discordant cries and choruses or uncouth irregular

motions, while the more aerial, graceful, and melodious

kinds exhibit more complex and more beautiful forms. It

is among birds that this habit is most fully developed and

presents itself in the most graceful or fantastic perform-
ances. Great numbers of birds of very different forms and
habits—hawks, vultures, ibises, spoonbills, and gulls

—
circle about in the air, singly or in flocks, and apparently
for the mere delight in aerial motion. Sometimes they
rise to vast altitudes, and float about in the air in one

spot for an hour or longer at a time, hundreds of birds

gliding in and out among each other with perfect pre-

cision as in a set dance. Ibises and ducks have special

performances of their own, but perhaps the most curious

are those of some species of rails. The ypecaha rails

have meeting-places on smooth level ground near the

water and well surrounded by dense beds of rushes.

One bird sounds a note of invitation
;
others from all

sides come hurriedly to the place, where they begin a

strange screaming concert, rushing about all the time.

The cries they utter somewhat resemble human screams

of terror, frenzy, or despair, mingled with half-smothered

cries of pain and moans of anguish. This exhibition

lasts a few minutes, after which the assembly peacefully
breaks up.

The singular wattled, wing-spurred, and long-toed

jacanas have a different kind of meeting. They usually

go singly or in pairs ;
but occasionally, in response to a

call by one of them, all who are within hearing leave off"

feeding and fly to one spot, where they walk about with

their beautiful wings erect or half open, or waved up and
down with a slow and measured motion. With these

two species both sexes join in the display; but that of

the spur-winged lapwing is altogether peculiar, inasmuch
as it takes place with three individuals only. These
birds live in pairs, and at intervals during the day or on

moonlight nights, one bird will leave his mate and fly to

another pair a short distance off". These will receive the

visitor with signs of pleasure. First going to meet him,

they place themselves behind him, and all three march

rapidly, uttering special notes. Then they stop ; the

leader stands erect with elevated wings uttering loud

notes, while the other two, with puff"ed-out plumage,
standing side by side, stoop forward till the tips of their

beaks touch the ground, and with a low murmuring
sound remain for some moments in this strange posture.
Then the visitor goes back to his own ground and mate,
and later on they receive a visitor, whom they treat in the

same ceremonious fashion They are said to be so fond
of this form of visiting that they indulge in it all the year
round, and the illustration representing it is a most
curious and fantastic picture of bird life.

A considerable number of Passerine birds also have
curious displays, which are here described, as well as

songs of a most remarkable character. Some sing alone,
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others in concert ;
in most instances the voice is at its

best during the mating period, but in one of the smaller

finches the song is at that time feeble, while at a later

period it becomes far more powerful and melodious-

There is one species, the white-banded mocking-bird,
which is considered to exceed all other songsters in the

copiousness, variety, and brilliant character of its music.

By the half-hour it will first imitate with great accuracy
the songs of many other species

—a strange and beautiful

performance ; but this is merely the prelude to its own
song, which is

" uttered with a power, abandon, and

joyousness resembling, but greatly exceeding, that of the

skylark singing
'

at Heaven's gate
'

; the note issuing in a

continuous torrent
;
the voice so brilliant and infinitely

varied that, if rivalry and emulation have as large a

place in feathered breasts as some imagine, all that hear

this surpassing melody might well languish ever after in

silent despair."

Mr. Hudson's conclusion as to the meaning of the

various actions and vocal performances that he describes,
and of which only a few cases have been here referred to,

is as follows :
—

"
I wish now to put this question : What relation that

we can see or imagine to the passion of love and the
business of courtship have these dancing and vocal per-
formances in nine cases out of ten ? In such cases, for

instance, as that of the scissors-tail tyrant-bird, and its

pyrotechnic evening displays, when a number of couples
leave their nests, containing eggs and young, to join m a
wild aerial dance

; the mad exhibitions of ypecahas
and ibises, and the jacanas' beautiful display of grouped
wings ; the triplet dances of the spur-winged lapwing, to

perform which two birds already mated are compelled to

call in a third bird to complete the set
;
the harmonious

duets of the oven-birds, and the duets and choruses of

nearly all the wood-hewers, and the wing-slapping aerial

displays of the whistling widgeons ;
will it be seriously

contended that the female of this species makes choice
of the male able to administer the most vigorous and
artistic slaps } . . . There are many species in which the

male, singly or with others, practises antics or sings
during the love-season before the female ;

and when all

such cases, or rather those which are most striking and

bizarre, are brought together, and when it is gratuitously
asserted that the females do choose the males that show
off in the best manner or that sing best, a case for sexual
selection seems to be made out. How unfair the argu-
ment is, based on these carefully selected cases gathered
from all regions of the globe, and often not properly re-

ported, is seen when we turn from the book to Nature,
and closely consider the habits and actions of all the

species inhabiting any one district. We see then that

such cases as those described and made so much of in

the ' Descent of Man,' and cases like those mentioned in

this chapter, are not essentially different in character,
but are manifestations of one instinct, which appears to

be almost universal among the higher animals. The
explanation I have to offier lies very much on the surface.

. . . We see that the inferior animals, when the con-
ditions of life are favourable, are subject to periodical
fits of gladness, affecting them powerfully, and standing
out in vivid contrast to their ordinary temper. And we
know what this feeling is—this periodic intense elation

which even civilized man occasionally experiences when
in perfect health, more especially when young. There
are moments when he is mad with joy, when he cannot

keep still, when his impulse is to sing and shout aloud
and laugh at nothing, to run and leap and exert himself
in some extravagant way."
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And after showing how this impulse of joy is mani-
fested in different animals according to their peculiarities

of structure and habit, and after giving a number of other

illustrative cases, he thus concludes :
—

"
I am convinced that any student of the subject who

will cast aside his books, and go directly to Nature to

note the actions of animals for himself—actions which,
in many cases, appear to lose all significance when set

down in writing
—the result of such independent investi-

gation will be a conviction that conscious sexual selection
on the part of the female is not the cause of music and
dancing performances in birds, nor of the brighter colours
and ornaments that distinguish the male."

Other chapters of almost equal interest are those on
the habit of the huanaco to go to certain places to die,

and on the strange instincts of cattle, such as the excite-

ment caused by the sight and smell of blood, that pro-
duced by scarlet clothing, and the persecution of the sick

and weakly of the herd. These subjects are discussed

with a fulness and originality the result of long personal

observation, and will command the careful attention of

those who are interested in the mental phenomena pre-
sented by animals. It remains only to add that the book
is beautifully got up, that the text is singularly free from

misprints, and that the numerous illustrations—photo-

graphic reproductions of drawings—are at once delicate

and characteristic. Never has the present writer derived
so much pleasure and instruction from a book on the

habits and instincts of animals. He feels sure that it

will long continue to be a storehouse of facts and obser-

vations of the greatest value to the philosophical

naturalist, while to the general reader it will rank as

the most interesting and delightful of modern books on
natural history. Alfred R. Wallace.

THE PREVENTION OF INFLUENZA.
A Study of hijluenza, and the Laws of England con-

cerning Infectious Diseases, &^c. By Richard Sisley,

M.D.Lond., M.R.C.P.Lond. (London : Longmans,
Green, and Co., 1892.)

UNDER
the above title Dr. Sisley has collected

papers read by him during the past twelve months
before the Society of Medical Officers of Health, the

Epidemiological Society, and the Congress of Hygiene.
To these are appended extracts from the different Acts

bearing on infectious disease, the provisional memoran-
dum on epidemic influenza just issued by the Local

Government Board, and sundry other matters connected
with the subject. The work makes no pretence to be a

study of influenza from the clinical or pathological stand-

point ; it deals simply with the prevention of the disease

in epidemic form, and the legal machinery at our command
for that purpose.

It may, at first sight, seem strange that, when, during
the latter part of 1889, we watched the epidemic wave

sweeping gradually over Europe towards our own shores,
no one dreamed of taking any action with a view to

staying the plague. But we must remember that it was a

disease new to the modern generation of physicians—a

disease with which the sanitary science of the present

day had never had to cope
—a disease whose cause was

wholly unknown, and whose infectious character was

imperfectly recognized, or even denied. Two years and
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more under the yoke have given only too abundant

opportunity to investigate it from every point of view,
and it is not too much to say that the Local Government
Board Report by Dr. Parsons, issued last year, contains

the most admirable and exhaustive study of influenza

which has appeared in any European language. Yet the

actual nature of the virus remains still an only partially
solved problem : bacteriological research points to a

definite bacillus as the probable organism, but till its

natural history has been more thoroughly worked out,
we must be content to fight the foe in the dark.

Dr. Sisley has not reprinted his papers in chronological

order, though it is convenient to consider them thus. In

that read before the Epidemiological Society in May
1 89 1, he treats of the spread of influenza by contagion,

strongly advocating the view that this is the most im-

portant factor in the diffusion of the disease. He bases

his belief on very conclusive grounds, and few will now
be found to disagree with him. Dr. Parsons's Report,

appearing some time after this paper was read, has so

abundantly confirmed the opinion, that it may be trusted

that, whatever part seasonal and climatic influences may
play as favouring causes,

"
telluric

"
theories have had

their day. The disease is, in fact, an acute specific fever

infectious in a somewhat high degree, and, in virtue of

its short incubation period, diffusing itself with unusual

rapidity.

Only an abstract is given of the paper read by Dr.

Sisley before the International Congress of Hygiene last

August. It deals with the prevention of the spread of

epidemic influenza, and advocates general hygienic mea-

sures, the possible employment of prophylactics, and

especially the avoidance of infection.

The essence of the book lies, however, in the paper
read before the Society of Medical Officers of Health in

January of the present year. Here Dr. Sisley discusses

the application to influenza of the existing sanitary laws

of England, and it cannot be said that his conclusions

are of a very reassuring character. It is instructive to

observe that the difficulty lies in this—that nobody knows
whether influenza is a "

dangerous infectious disease "

within the meaning of the Acts, or not. Common-sense

might have supposed that a disease which the Registrar-
General declares to have been directly or indirectly re-

sponsible for some 27,000 deaths in England and Wales
in a single year, would not inaptly be described as

dangerous ; but the point has not as yet been settled

in a court of law, and it is possible that legal opinion

might take a contrary view. Should its dangerous cha-

racter be upheld by law as well as medicine, the provinces
have at least the Public Health Act of 1875 to fall back

on, and can thus enforce isolation of early cases.

London, under its new Act, is apparently helpless ; and,
as it would take twelve days to add influenza to the list

of notifiable diseases, it is clearly unwise to wait for a

fresh outbreak before taking such a step, if it be deter-

mined to take it at all. It cannot be doubted that

efficient isolation of early cases would be the most im-

portant method of averting an epidemic ;
the difficulty

lies in a matter which Dr. Sisley has not dealt with—
namely, the diagnosis of such cases. Medical men now

recognize as slight instances of epidemic influenza cases

which in non-epidemic times would be passed over as
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mere "
feverish colds "

; yet all such cases would have to

be isolated in view of a threatened epidemic.

The extracts from the various Sanitary Acts appended
to these papers form a very convenient work of reference

for those interested in the subject, while the counsel's

opinion on the powers of sanitary authorities as to in-

fluenza leave us very much where we were before. Dr.

Sisley has, however, done valuable service in calling

public attention to the inadequacy of our existing sani-

tary laws as a means of checking the spread of such a

disease as influenza, and many will cordially indorse his

opinion that " much improvement in this respect is not to

be hoped for [until the sanitary service is consohdated,

and becomes one fold under one shepherd
—a Minister

of Public Health."

OUR BOOK SHELF.

Anthropogeographie. Zweiter Theil. "Die Geograph-
ische Verbreitung des Menschen." Von Friedrich

Ratzel. (Stuttgart: J. Engelhorn, 1891.)

The first part of this work was published about nine

years ago, and is still highly valued by all who care to

study geography and anthropology from strictly scientific

points of view. The present volume will also be found

worthy of the author's reputation as one of the foremost
authorities on all questions relating to the connection
between man and the physical conditions by which
he is surrounded. In the first part Dr. Ratzel deals

with the habitable part of the globe, tracing the pro-
cess by which man has taken possession of it, indi-

cating the development of his ideas regarding it, and

noting the characteristics of its northern and southern

borderlands and of its vacant spaces. The second part
he devotes to various aspects of statistics, discussing,

among other things, the relations between density of

population and degrees of civilization. In the third part
are considered the traces and works of man on the sur-

face of the globe—a subject which leads the author to

treat of cities and their importance as historical centres, of

ruins, roads and other means of communication between
'

communities, and geographical names. The fourth and
last part relates mainly to ethnographical questions, in-

cluding questions as to the diffusion of ethnographical
characteristics, and the origin of ethnographical affinities.

The work is not only full of thought and learning, but has
the advantage of being written in a fresh, clear, and
vigorous style.

Within an Hour of London Town : Among Wild Birds
and their Haunts, By "A Son of the Marshes."
Edited by J. A. Owen. (Edinburgh and London : W.
Blackwood and Sons, 1892.)

*' A Son of the Marshes "
is now so well known that

any new book by him is sure to find readers and admirers.
He does not, of course, make important contributions to
science. His writings merely record the impressions
produced upon him by various aspects of nature in which
he happens to be especially interested. But his im-

pressions are so thoroughly true, and are presented in
so vivid a style, that they may always be studied with

pleasure. Even his talk about very common things has
a certain charm, for he observes them accurately, and
brings out by skilful touches their relations to other

things that are not quite so intimately known. The
present volume has all the characteristics of his previous
books, and should do a good deal to foster in the mind
of "

the general reader " a liking for some of the more
attractive facts and ideas of natural history.
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LETTERS TO THE EDITOR.

\The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake

to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Yiktvylv..

No notice is taken of anonymous communications. ]

Exchange of Professorial Duties.

The proposal of my friend Prof. Anderson Stuart, explained
in the subjoined letter, seems to me one which may very

probably commend itself to the professors and governing bodies

of some of our Universities and University Colleges ;
and I

therefore venture to ask for its publication in Nature. By
correspondence twelve months in advance, such an exchange as

is here suggested could be arranged (with the assent of Senate,

Council, or other authority), and would undoubtedly, where

practicable, be of very great interest and advantage, not only to

the teachers concerned, but also, in no less degree, to their

classes. E. Ray Lankester.
Oxford.

Shepheard's Hotel, Cairo, February 13, 1892.

Dear Professor Ray Lankester,—In conversations with

teachers in Europe during my two visits (1890-91, 1891-92) they
have again and again said how much they would like to visit the

colonies for pleasure, health, or the opportunity of study, as the

case might be ; but of course they could not, being bound by
their duties. On the other hand, the benefit to the colonial

teacher of a periodical visit to the older centres of learning has

all along been recognized.
Soon after my return to Sydney in March 1891, it occurred to

me that it would be easy to secure at once a visit of a European
teacher to the colonies and of a colonial teacher to Europe by a

temporary exchange of duties. Every now and again it happens
that a teacher must provide for the duties of his office by a

substitute, as is done by the colonial teacher when absent on

leave, and by the European teacher most frequently, perhaps,
when ill. Why, then, should not two teachers in a subject,
who could trust each other, agree to apply for leave of absence,
each proposing the other as his substitute for the time specified ?

I cannot see that any governing body could reasonably object to

the proposal, and so the arrangement would be concluded.

Immediately on my return to Europe in October last I spoke
of the matter, and amongst others to yourself ; and since then I

have discussed it with many friends, one of whom referred to it

approvingly at a recent meeting of the Royal Colonial Institute.

The project becomes the more feasible the more one studies the

details of carrying it out. Practically one's attention is confined

to America and Australasia. A study of the periods of the

University terms, and of the steamship time-tables, shows that

it is feasible for the latter, which is by far the more distant—
about five weeks.

Of the pleasures of the voyage, and of the advantages to be
derived by the residence in the other land, I need not speak, for

each may form his own estimate of these ;
but that

"
there is

something in
"
the thing I am persuaded, and I should be glad

of your help in ascertaining what that something may be.

I am, dear Professor Ray Lankester,

Yours faithfully,

T. P. Anderson Stuart,
Professor of Physiology, University of Sydney.

Magnetic Storms.

Exactly twenty-seven days from the magnetic storm and

splendid aurora of February 13-14, which has already been men-
tioned in NatURE,there was on March i2another very fineaurora

in the United States and Canada, and it also was accompanied by
a powerful magnetic storm. This correspondence to the time of

a synodic revolution of the sun, to which attention has been
called by the writer many times within a few years past, is

interesting, showing as it does that the motion of rotation is

concerned to an important extent in the recurrence] ofj magnetic
storms and their accompanying auroras. The evidence is

accumulating constantly showing that solar disturbances have
their maximum effect upon terrestrial magnetism when at the

eastern limb and at or near the latitude of the plane of the

earth's orbit. If the great sun-spot to which the aurora of
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February 13 has so generally been ascribed was really respon-
sible for that outbreak, there should have been a series of dis-

plays, for this spot was very large and apparently active

throughout its transit. As a matter of fact, whatever auroral
effect the disturbed region in its vicinity was able to exercise

fell about February 2-4 and February 29. U )on the latter

date there was a fine display, but upon the former it was

generally cloudy. M, A, Veeder.
Lyons, N.Y., March 23.

Pilchards.

I WAS very sorry to find from Mr. Dunn's letter (p. 511) that
I had not reported his evidence on the occurrence of young
pilchards with perfect accuracy. He admits that the misunder-

standing was probably not altogether my fault. It seems that
in the days before the railway existed in Cornwall, and when
seines were largely used at Mevagissey for the capture of pil-

chards, small pilchards under 8 inches in length, of the same
size as French sardines, were often taken in vast numbers, but
were either allowed to escape, or used only as manure. The
sentence in my article, therefore, which states that Mr. Dunn
had never seen such pilchards must be corrected, and I make
the correction most willingly, regretting that I should have

unconsciously misrepresented Mr. Dunn's statement.
But I must warn your readers against the idea that my article

on the growth of the pilcha-d c ^ntained nothing which Mr.
Dunn had not discovered and made known years ago. The
letter to which he refers in Buckland's *' Familiar History of
British Fishes

"
deals with the subject of curing pilchards in oil,

and contains nothing whatever about the rate of growth of the
fish. It merely mentions that if small fish were wanted they could
be had in quantities :

" Some seasons their smallness is a pest
to the fisher nen, and millions have been returned to the sea
after being inclosed in the seines, because of being no money
value," But Mr. Dunn acknowledges that I correctly reported
him as saying that no such small sardines have been taken since
the factory at Mevagissey was started, and that no pilchards of
the same size as French sardines have ever been tinned in

Cornwall. As for his exhibit of a series of pilchards from those
an inch in length up to the two year^ old full-grown fish, I find
that it is only catalogued in the Polytechnic Society's Report,
and that no dimensions are mentioned, nor any description
given. My published evidence on the rate of growth in this

species was therefore by no means superflu >us, and I am glad to
find that my conclusions confirm those which he had already
formed, but for which he had sought no satisfactory means of

publication. I have often received and acknowledged with the

greatest pleasure valuable information from Mr. Dunn : in this

instance I was unaware that he had collected any evidence on
the subject beyond that which I acknowledged in my article.

But while correcting misunderstandings on my part, Mr.
Dunn misunderstands part of my article far more seriously. I

stated that the adult sardme of the Atlantic coast of France was
of the same size as the full-grown Cornish pilchard, while the
sardine of the Mediterranean, taken at Marseilles, was con-

siderably smaller. I did not say that the English pilchard was
"larger than those of other countries," and I did not say that
the Spanish pilchard was smaller than the Cornish. My "in-
formants

"
were Prof. Pouchet for France, and Prof. Marion

for Marseilles ; and the accuracy of their published observations
on the mere question of size is not in the It-ast affected by any
grave doubts, however much italicized, on Mr. Dunn's part.

Plymouth, April 5. J. T. Cunningham.

Ornithology of the Sandwich Islands.

Your correspondents, Prof. Newton and J. E. Harting (p.
532), are a little hasty in their conclusions referring to the
Banksian collection.

In order to make things clearer, I will go a little further back
in the history of this matter.

When the Linnean Society removed from 32 Soho Square,
Dr. Brown was left in possession of that portion which had been
built upon and used by Sir Joseph Banks as his museum.

Mr. John Calvert, partly out of veneration for the old house
where so many men of science had from time to time met together,
and partly from want of additional space for his very extensive
museum and library, secured a long lease of these premises,
including the old museum ; so by that arrangement Dr. Brown
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became his tenant. Now, it is a well-known fact that a portion
of the Banksian collection was never removed from these pre-
mises, and reinained the property of Dr. Brown, at the death
of whom, Mr. J. Calvert arranged with Dr. Bennet (one of his

executors), who had been for months removing van-loads of

books, herbariums, and other articles of scientific interest, to

purchase an'1 take over, with the premises, various cases of

birds, sundry articles, and the remainder and refuse of this

large collection.

In two cupboards on the south side of the gallery were the

ethnological relics collected during the voyage of the Endeavour,
as well as many manuscripts in the autograph of Sir Joseph
Banks, together with some of the catalogues of his collection.

On November 10, 1863, there was a sale at the rooms of Mr.

J. C. Stevens by order of the Council of the Linnean Society.
We soon detected the case of birds, which matched in every
particular the cases that we purchased of Dr. Brown's executor

;.

it had the same handwriting at the back, undoubtedly in the

autograph of Sir Joseph. We also detected, in a cabinet of
fos-ils and minerals which had belonged to Dr. Pulteney, one
of the volumes of Sir Joseph Banks's catalogue, which matches
the other volumes we had previously obtained : that volume still

contains the stamp of the Linnean Society.
Lot 174 of this sale was a very large lot in boxes and a

cabinet ; added to which was a good proportion of the dirt and
dust of bygone times. This collection had been formed by Dr.
Maton with great care and industry, and contained various

figured and type specimens, being all named in the quaint
nomenclature of that period. At the bottom of one of the
drawers of the cabinet was a letter in the autograph of the great
Linnaeus.

We purchased all these, together with others in that sale.

The Duchess of Portland, Sir Ashton Lever, and Sir Joseph
Banks, were the great collectors of that period ;

and the Owhyhee
case of birds might have been obtained by Sir Joseph either by
purchase or otherwise at any date during his life. We have this

case marked Owhyhee in the undoubted autograph of Sir Joseph
Banks. The birds are all badly set up, and one has fallen from
its perch, but underneath each one is a number which is referred

to in one of Sir Joseph's catalogues.
In our Museum there are several thousand specimens which

formed portions of the three collections just named, with regard
to which we have absolute proof of identification, and in some
cases the old lot tickets still remain.
As our museum is densely packed in several houses, and in

some instances there are large cabinets four and five rows deep,
it is not possible at a few hours' notice to dig out all and every-

thing connected with this matter ; but I will at the earliest

opportunity bring the Banksian collection to the front, which I

shall give a full description of in print, for the satisfaction of all

those who are interested in the matter.

As to the collection of eggs of Mr. J. D. Salmon, we knew
this collection well, but have never seen it since his death. There
is not one single specimen in our museum that belonged to that

collection, nor did we ever make a catalogue of the same, as the

very exhaustive and elaborate catalogue made by the owner
would be amply sufficient for all purposes.

Albert F, Calvert.
61 Patshull Road, N.W.

First Visible Colour of Incandescent Iron.

Having read in your number for March 24 (p. 484) a letter

on the above subject, I thought it might prove interesting to try
a similar experiment with the carbon filament of an ordinary
incandescent lamp. That used was an Edison Swan 16 candle-

power 80 volt, and the method empl >yed to heat it was to pass
a gradually-increasing current ('supplied from accumulators),

using a water resistance gradually diminished by the addition of

very dilute sulphuric acid in sensibly equal portions. The room
in which the experiment was performed was very carefully

darkened, and the observers were kept in darkness some
minutes before the current was switched on, the dilute acid

being added, so that, after visibility had been reached, five

additions should bring the lamp to dull redness (by diffused day-

light. The number of the experiment being called out, each
observer wrote this down, together with his impression of the

colour, in the dark, so that the retina was not affected by any
extraneous light throughout. Each observer closely inspected
the filament till he felt satisfied as to the colour, and then rested



April 14, 1892 J
NA TURE 559

liis eyes in the dark till the next observation. There were

twenty-five observers. The result seems worthy of notice.

(i) Of the twenty-five all agree that the colour of the filament

is at first very pale. Thirteen call it very pale yellow, three

-call it white, seven a faint pink, two a bluish white.

(2) All agree that, as the temperature rises, the tint grows
deeper and redder, passing through orange before reaching
<;rimson. The words used to designate the final tint reached in

the experiment vary from deep reddish orange to copper colour,
dark red, blood red, crimson.

I may add that some of the observers had had considerable

practice in observation, and their eyes were known to be normal
so far as the perception of the tints of the visible spectrum is

concerned. There is no reason to suppose that more than one,
or two at most, possessed any abnormal sense of colour.

Assuming that in the cases of iron and carbon light oj greater

frequency of vibratio7t is emitted as the temperature rises, in addi-

tion to 'the light emitted at lower temperatures (the vibrations

causing which are merely increased in amplitude), is it not

possible (1) that the selective power of the pigments of the retina

at first scarcely comes into play, the slower vibrations acting on
all to a certain extent, on the red more than the green, and the

green more than the violet, in the normal eye? or (2) Does not

the fact that all colours are more difficult to distinguish in a faint

light, e.g. moonlight, make it likely that very weak irritation of

any part of the retina (I mean a part which causes the sensation

of light, and that coloured, when the irritation is stronger) is

perceived as "light," the indication of specific absorption not

being strong enough in comparison with the total amount of

irritation to produce the sensation of any special colour in the

light perceived ? or lastly, if we do not make the above assump-
tion, it would seem that iron and carbon at all events emit,
when first visible, light of far wider limits of frequency of vibra-

tion than, so far as I know, is generally admitted.
Some photographic experiments which I hope may throw

fresh light on the subject have been begun.
Eton College Laboratory, April 4. T. C. Porter.

Self-Registering Weather-cock.

I SHOULD be grateful if any of your readers would kindly re-

commend me a simple, inexpensive instrument, to automatically

register the movements of a weather-cock above the roof.

Such an appliance must roughly indicate the direction of the
wind at the time being
Some years ago, a London builder put me up a very ex-

pensive instrument, which, beyond making considerable noise,
was utterly useless. J. Lawrence-Hamilton.

30 Sussex Square, Brighton, April 11.

THE liOLLING OF SHIPS.

ONE fact that often strikes the thoughtful traveller

by sea is that, notwithstanding the great and
numerous improvements of recent years which have
made life on shipboard pleasant and luxurious, little or

nothing has been done to steady a vessel when she meets
with waves that set her rolling heavily from side to side.

The tendency seems to be rather in the direction of in-

creased than of diminished rolling ;
for the steadying

influence of sails, which makes the motion so easy and
agreeable in a sailing ship, is fast disappearing in large
steamers. Masts and sails add appreciably to the resist-

ance of large fast steamers
; so they have been cut down

in size year by year till such fragments of sail as still

remain are so small compared with the size of the ship as
to retain little power to reduce rolling.

Shipowners and seamen do not show much sympathy
with the discomfort and misery that rolling causes to
most passengers. They perhaps get anxious about an
occasional vessel that acquires the evil reputation of

being a bad roller, because passengers may be frightened
away and the receipts fall off in consequence ;

but beyond
wishing, or attempting, to deal with abnormal cases,
nothing seems to be thought of. Rolling is considered

incurable, or as not of sufficient 'importance to trouble
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about. Yet there is nothing which would contribute so

directly to the comfort of landsmen at sea, or do so
much to change what is for many misery and torture

into comfort, as to check and reduce as far as possible the

rolling proclivities of ships.
The laws which govern rolling are now well understood,

and it is strange that this knowledge has not enabled an
effective means of control to be devised. What is

stranger still is that well-known means of mitigating
rolling

—such as the use of bilge keels—are employed in

but very few cases. A ship rolls about a longitudinal
axis which is approximately at her centre of gravity, and
the rolling is practically isochronous at moderate angles
in ordinary ships. The heaviest rolling occurs when the

wave-period synchronizes with the natural period of
oscillation of the ship. Many vessels are comparatively
free from rolling till they meet waves of this period, and
if such meeting could be avoided, excessive rolling could
be prevented. Some vessels have periods as long as
fifteen to eighteen seconds for the double oscillation, and
as these would require to meet with waves 1300 to 1500
feet in length, in order to furnish the conditions of syn-
chronism, it is seldom that they suffer from heavy or
cumulative rolling. Such waves are, however, not rare
in the Atlantic.

The limits of heavy rolling are fixed, of course, by the
resistance offered by the water and air to the transverse
rotation of the ship, which is very great because of the

large areas that directly oppose motion in a transverse
direction. But for this resistance, and the condition that

rolling is only isochronous within moderate angles of

inclination, a few waves of the same period as that of a

ship would capsize her.

The two most obvious modes of preventing heavy
rolling are, therefore, (i) to make the period of rolling of
a ship as long as possible, so as to reduce the chances
of meeting waves whose period will synchronize with it,

and (2) to increase the resistance to rolling. The period
of a ship varies directly as her radius of gyration, and
inversely as the square root of her metacentric height.
Hence the period may be increased by increasing the
moment of inertia of the ship, or by decreasing the meta-
centric height. In armoured war-vessels the moment of
inertia is large, on account of the heavy weights of

armour on the sides, and the heavy guns that are either

placed at the side or high up above the centre of gravity.
Ordinary steamers have no such weights concentrated at

great distances from the centre of gravity, and their

moments of inertia are determined by the distribution of
material in the hull that is fixed by structural con-
ditions and by the stowage required for their voyages.
Metacentric height cannot be reduced below a certain

amount, which is necessary to prevent too easy inclina-

tion of the ship, or crankness, in still water. On the

whole, we may regard the longest periods that the largest

ships are likely to have with advantage to be about those
named above, i.e. fifteen to eighteen seconds.

Length of period cannot give immunity against occa-
sional heavy rolling ;

but increase of resistance reduces
the angles of roll at all times, and especially when the

angular velocity is greatest and the rolling is worst.
Such resistance is furnished by the frictional resistance
of the bottom of a ship and by the direct resistance of

projecting parts of the bottom, such as the keel and the

large flat surfaces below at the stem and stern. This
resistance can be largely increased by means of bilge
keels. The value of bilge keels is recognized in the

Royal Navy, and the ships of the Navy have been fitted

with them for many years with highly beneficial results.

The advantage of bilge keels was proved beyond all doubt

many years ago by careful experiments made in this

country and in France ; and the late Mr. Wm. Froude
showed, by the trials he made of H.M.S. Greyhound
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twenty years ago, that bilge keels of excessive size—3
feet 6 inches deep, and 100 feet in length, on a vessel 172
feet long

—had only an insignificant effect upon speed
throughout great differences of trim.

It is strange that the mercantile marine should not yet
have adopted bilge keels, and obtained the undoubted

advantage they give in steadiness. The number of ships
that have them is comparatively few. There is an
almost universal opinion and prejudice against their use,
and the largest and finest passenger steamers have no

bilge keels. This is in spite of the fact that, in cases

where bilge keels have been fitted to try to check heavy
rolling

—and they have been of suitable size and properly
placed

—it has been found that the angles of rolling have
been reduced by nearly one-half. There is a prevalent
belief—which has no foundation in fact—that bilge keels

are very detrimental to speed. We have said that Mr.
Froude's experiments showed the contrary, even on
trials made in still water ; but it appears certain that at

sea any trifling loss of speed which still-water trials might
show would be more than compensated for by gain in

speed when the vessel is prevented from rolling through
large angles from side to side, and undergoing great
changes of underwater form at every roll. Experience
with ships that have had bilge keels added after running
for some time without them shows that there has been
no appreciable difference of speed or increase of coal

consumption on their voyages.
Another, and a more heroic, method of stopping or

reducing rolling would be to counteract the inclining
moment of the ship caused by the ever-changing inclina-

tion of the waves by an equal and opposite moment,
which would vary as the inclining moment varies. This
has been attempted at different times and in various

ways. It is essential to any degree of success, however,
that the opposing moment brought into operation should
be completely under control, so as always to act in the

manner and to the extent required. The attempts to ob-

tain a steady platform by freely suspending it, and making
it independent of the rolling of the ship, have failed—apart
from the practical difficulties of carrying out such an

arrangement on a large scale—because the point of sus-

pension oscillates when the ship rolls, and the platform
acquires a rolling motion of its own. Weights, made of

heavy solid material, which move from one side to the

other of a ship subject to the action of gravity and

rotation, fail because they cannot be made to act con-

tinuously in the manner required.
A degree of success has been achieved by admitting

water into a suitably prepared chamber and leaving it

free to move from side to side as the ship rolls. This
has been done in several ships of the Navy, the case of

the Inflexible being that which was the most carefully

experimented upon. The movement of this internal

water follows the inclination of the ship, but it lags

behind, and thus tends to reduce the inclination. Its

effect can be regulated by the quantity of water admitted
into the chamber and by its depth. The Inflexible Com-
mittee state in their report that comparatively small

changes in depth increase or diminish largely the extinc-

tive power of the water. For various reasons—one of

which is that while such a chamber is very effective in a
moderate sea it fails in a rough sea when the rolling of

the ship is greatest
—and perhaps partly on account of

the destructive and disturbing effect of 100 tons or more
of water rushing from side to side of a ship over 60 feet

wide—these water-chambers appear to have gone out of

use in the Navy, and they have been given up in the City

of Neiv York and City of Paris, which vessels were said

to be fitted with them when first built and placed upon
the Atlantic.

Mr. Thornycroft has devised a means of checking roll-

ing by moving a weight, under strict control, from side to
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side of a vessel so as to continuously balance, or subtract

from, the heeling moment of the wave slope. It consists
of a large mass of iron in the form of a quadrant of a

circle, which is placed horizontal, with the centre on the
middle line of the vessel, and there connected with a
vertical shaft. The shaft is turned by an hydraulic
engine, which is very ingeniously controlled by an
automatic arrangement. The heavy iron quadrant is

swept round from side to side, revolving about its centre,
to the extent that is required to counteract the heeling
moment. In a paper read on the 6th instant before
the Institution of Naval Architects, Mr. Thornycroft
said :

—
" The manner in which the controlling gear works will

be better understood if we imagine a vessel remaining
upright among waves, while near the centre of gravity of

the ship we place a short-period pendulum suspended so
as to move with little friction

;
this will follow the change

in the apparent direction of gravity without appreciable
loss of time, so that any change in the wave angle and

apparent direction of gravity cannot take place without
due warning, which will indicate the time and amount of

the disturbance. It is therefore only necessary to make
the motion of the ballast bear some particular and con-

stant ratio to the motion of this short-period pendulum
to keep the balance true. The inertia of a heavy mass
will cause some loss of time, as we can only use a limited

force for its control ; but it is possible to accelerate the

phase of motion and overcome this difficulty so far as to

get good results.
"

If, now, we imagine the ship to roll in still water, the

effect of the combination just described will be to balance

the ship's stability for a limited angle ;
but this defect is

removed by the introduction of a second pendulum of

long period, which tends to move the ballast in the oppo-
site direction to the first one, and enables the apparatus
to discriminate between the angular motion of the water

and that of the vessel.
•'

I find, however, that the long-period pendulum is

rather a delicate instrument, and that its function can be
served by a cataract arranged so as to always slowly
return the ballast to the centre, and this device has the

effect of accelerating the phase of motion, which, in some

cases, we also require.
" We are therefore able, by very simple parts, to con-

struct an apparatus which will indicate the direction and
amount of motion necessary to be given to the ballast at

a particular time so as to resist the wave effort
;

this

power of indicating may be converted into one of con-

trolling by suitable mechanism. The loss of time due to

inertia of the necessary ballast is not always unfavourable

when the apparatus has to extinguish rolling motion, the

greatest effect being obtained when the ballast crosses

the centre line of the ship at a time when it is most
inclined to the water surface, and this corresponds to a

quarter of the phase behind the motion of the short

pendulum."
The apparatus has been working for some time in the

steam yacht Cecile with very good results. What the

objections may be to applying it to the largest passenger
steamers remains to be seen. A moving weight of some-

thing like 100 or 150 tons would probably be required in

such vessels. The power necessary to control the move-
ment of the weight appears to be small, and Mr. Thorny-
croft's invention seems at any rate to show the way
towards obtaining the long-desired boon of substantially

reducing, if not checking altogether, the rolling of ships.

If it succeed in doing upon a large scale only a portion of

what is claimed for it in the way of anticipating and

counteracting the heeling effect of waves, without the

possibility of acting in an erratic or undesirable way,
we may hope to see it adopted some day in passenger
steamers.
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TRAVELS AMONG THE GREAT ANDES OF
THE EQUATOR}

jwr
R. WHYMPER'S expedition to the Great Andes of^^

Ecuador, occupied him from December 1879 to

July 1880. The results were briefly indicated in com-
munications to the Royal Geographical Society and the

Alpine Club, but the full description has been long in

coming. Horace recommended giving literary work
nine years to ripen : Mr. Whymper has more than
followed his advice. Possibly the delay may be a mis-
take from a commercial point of view, but it is a gain to

the readers when a book of travel in an interesting region
is not written in a hurry and rushed through the press,
but is rendered complete in every detail with an almost

loving care.

The principal object of Mr. Whymper's journey was to

observe the effect of greatly diminished atmospheric pres-
sure on the vital powers. There was already very strong
cumulative evidence that, at elevations of rather more than

14,000 feet above the sea, serious inconveniences were
often felt, such as difficulty of breathing, acute headache, a
sense of extreme prostration, and sometimes haemorrhage.
Some of the symptoms, some of the suffering on record.

forbade travel in the very highest region of the Andes,
so that ultimately the mountains of Ecuador were selected
as the most lofty accessible district.

Chimborazo being the culminating peak of this group,
the ascent of this was the mam object of Mr. Whymper's
expedition. He determined to encamp on its slopes at

gradually increasing heights, with the aim of ultimately
reaching the summit. " But as there was no certainty that
this could be done, and a possibility, at least, that the
results of the investigation might be of a negative cha-

racter, various other objects were kept in view
;
chief

among them being the determination of the altitudes and
relative positions of the principal mountains of Ecuador,
the comparison of boiling-point observations and of
aneroids with the mercurial barometer, and the collection
of specimens, botanical, zoological, and geological, at

great heights." Mr. Whymper was accompanied by two
Alpine guides

—one being the well-known Jean-Antoine
Carrel, of Val Tournanche, whose sudden death on the
Matterhorn in 1S90 was so generally regretted among
mountaineers

;
the other, his cousin Louis. Of their

services and willing help at all times, he speaks in the

highest terms. Chimborazo had been attempted without
success by Humboldt and by Boussingault ; Cotopaxi

Fig. I.—Crossing the Great Arenal.

might doubtless be attributed to other causes
; still the

connection between "
mountain-sickness " and diminished

air-pressure appeared to be indubitable. The problem
had already been investigated, so far as could be done in
the laboratory, by M. Paul Bert, and an account of his

experiments forms an appendix to Mr. Whymper's book.
Balloon ascents also had been made, one with disastrous
results ; for of three aeronauts who had remained for
some time at a height of from 26,000 to 28,000 feet, two
had died, and the other had narrowly escaped with his
life.

But a balloon ascent is an unfairly severe test, since
the atmospheric pressure is so rapidly diminished

;
so

Mr. Whymper determined to encamp for some time at
an elevation at which others had begun to suffer, and
from that level to

"
carry exploration and research up to

the highest possible limits." The Himalayas were at
first selected as the place for these investigations, but,
before he could start, the attempt to construct a "scien-
tific frontier" aroused so many jealousies that, in all

probability, the experiments and the life of the operator
would have been simultaneously cut short. War also

I "Travels among the Great Andes of the Equator." By Edward
Whynjper. With Maps and Illustrations. (London : John Murray, Albe-
marle Street, 1892.)
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had been ascended, but very {^vi of the other high peaks
in Ecuador, though many measurements of altitudes had
been made by Drs. Reiss and Stiibel in 1871-73, who
kindly placed their results at Mr. Whymper's disposal.

Mr. Whymper spent 212 days in the upland or moun-
tain district of Ecuador. During 204 nights of this

period the barometer never gave a reading higher than
22 51 inches, or the observers were over 8000 feet above

sea-level; during 90 of these it ranged from 2172 to

2i'ii inches (900010 10,000 feet); durmg 36 it was 18

inches or less (above 14,000 feet) ; during 19 it stood
between i6 and 17 inches (15,801 to 17,285 feet) ;

and on
one night the reading was 1475 inches, corresponding
with a height of 19,500 feet. He landed at Guayaquil on
December 9, and reached Guaranda (nearly 9000 feet

above the sea) after crossing the Pacific range of the

Andes, of which Chimborazo is the culminating point,

by a pass about 10,400 feet above the sea. In preliminary
explorations on that mountain Mr. Whymper ascended
to a height of about 12,900 feet, and his guides, on
another occasion, to about 16,500; and his party left

Guaranda to attempt the ascent on December 26. They
passed the first night at a height of 14,375 feet, on
the great sandy plain known as the Arenal, with-
out feeling the slightest inconvenience
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ished pressure, and next day pitched the second camp
at a height of 16,664 feet (pressure i6'5 inches). This
was reached without inconvenience, but the mules during
the last six or seven hundred feet of the ascent had shown
marked and unusual signs of exhaustion. Mules and
drivers were sent back, and the explorers remained in

excellent health and spirits, but about a couple of hours
afterwards all three were suddenly and almost simul-

taneously prostrated ; their respiration became laboured,

"accompanied by spasmodic gasps or gulps," they
suffered from acute headache, with feverish symptoms,
and an "indescribable feeling of illness pervading almost

the whole body. . . . The attack seemed to arrive at a

maximum quickly, to remain equally intense for several

hours, and then it died away imperceptibly." In about 36
hours the Carrels got better, and felt well enough, on the

Carrel was suffering severely from the effects of frost-

bite.

How the investigation was continued may be read in

the book. In addition to excursions to lower points,
Mr. Whymper, with one or both of his guides, ascended
the following mountains : Corazon (15,871 feet), Cotopaxi
(19,613 feet), where they encamped for the night, close to

the brink ofthecrater,Pichincha (15,918 feet), .Sincholagua
(16,365 feet),Antisana (19,335 feet), Cayambe (19,186 feet),
Sara-urcu (15,502 feet), Cotocachi (16,301 feet), and
Carihuairazo (16 515 feet), all but the first three being
new ascents. The Carrels also reached the summit of
Illiniza (17,405 feet), and on two other occasions Mr.

Whymper arrived within a few hundred feet of it. The
expedition concluded with a second ascent of Chimborazo,
when the travellers were favoured with better weather,

Fig 2.—Cotopaxi.

29th, to set off for a preliminary exploration ; they reached
a height of about 19,300 feet, but were much exhausted
when they returned in the evening. Mr.Whymper recovered
rather more slowly, but during the whole time Mr. Perring,
a native of the country, who remained with them at the

camp, was unaffected. On January 2 they moved on to a

height of 17,285 feet, and after an attempt next day,
frustrated by bad weather, which appears to be almost
chronic in the mountains of Ecuador, reached the summit
(20,498 feet) on January 4. The weather was still un-

favourable, and the work laborious, but they progressed
more slowly than they would have done under similar

circumstances in the Alps. They remained at the camp
till January 10—for Mr. Whymper contemplated another
visit to the summit under more favourable conditions—
but were then obliged to return to Guaranda, as Louis
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and with an exceptionally interesting incident. As they
were mounting the slopes, Cotopaxi was full in view,

nearly sixty miles away. Suddenly it ejected a
column of "inky black smoke" to a height of about

20,000 feet above the lip of the crater. At this elevation

the cloud was caught by an easterly wind, and borne at

right angles to its former course
;
then it was taken by a

northerly current and carried down upon Chimborazo.
When the party reached the summit, at 1.20 p.m., the

snow was still perfectly white ; but, before long, the dust

began to fall thickly, shutting out all view, penetrating
into instruments, and adding an unpleasing condiment to

their food. It had taken rather more than 7i hours on
its aerial journey. During these excursions, neither Mr.

Whymper nor his guides suffered any return of the severe

symptoms which they had experienced on the flanks of
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Chimborazo
;
but he proves, by his careful and elaborate

observations, that, though they became somewhat habitu-
ated to low barometric pressures, their bodily powers
were sensibly diminished. In his own case this ap-
peared to begin at a pressure of about 21 inches (roughly,

10,000 feet above the sea). He comes to the conclusion

that, after some habituation, life can be sustained, when
the body is at rest, at a height of 20,000 feet or more ;

but " when in motion it becomes difficult to enlarge the

breathing capacity to the extent necessary to meet the
further demand for air which was the result of muscular
exertion." 1

During these laborious expeditions Mr. Whymper was

constantly occupied in carrying out the other objects of
his journey. The physical geography of the region was

studied, sketch maps were constructed, and many spe-
cimens of rocks and volcanic dust were collected, espe-

Cyclopiiim cyclopum), which he does not believe to be
ejected from Cotopaxi. These have been examined by
various specialists, whose reports are summarized in the

work, and some of them are collected in a supplementary
volume, which will receive a separate notice. Mr. Whym-
per also made an interesting collection of stone imple-
ments and of ancient pottery, of which many specimens
are figured. In one of the appendices he discusses the
results of observations of mercurial and aneroid baro-
meters. These, though of much interest, we must pass
over.

In the space at our disposal it has been impossible to

do justice to the varied topics of this volume. It must
suffice to remark that Mr. Whymper has more than
maintained the reputation which he won in his well-

Fig. 3.
- ']'he contents ot a grave.

cially from the higher points. The mountains (except
Sara-urcu, the rocks of which are crystalline schists and
gneisses) all consist of volcanic rocks, varieties of an-
desite. Cotopaxi and Sangai are still active ; in some of
the others, even the craters cannot be distinguished.
The glaciers were carefully observed, for Mr. Whymper
has proved that, contrary to the received statement,
glaciers are by no means rare in the Ecuadorian Andes.
Botanical and zoological collections were made, especially
from the higher localities. Lichens were found as high
as 18,400 feet, mosses to about 16,660 feet, grasses
nearly as high, with a few Phanerogamous plants ; the

highest LycopodiuDi found was at 15,871 feet. Coleoptera,
Orthoptera, Rhynchbta, and Lepidoptera were all found
at or a little above 16,000 feet, and At'nchmda nearly as

high. Crustacea, Repiilia, and Batrachia are rare ; and
Mr. Whymper could only obtain one fish (the noted

Fig. 4.
—"This is very old, Seiior."

known " Scrambles among the Alps." The present work
is admirably written, clear and terse in style, and often
enlivened with a spice of dry humour. Of the illustra-

tions it is almost needless to speak ; they are even better
than those in the former book. Some are delightful ren-

derings of comic incidents
;
others represent stone im-

plements, pottery, insects, and various examples of the
Ecuadorian zoology ; others are pictures of the moun-
tain scenery, including the upper part of Chimborazo
and the summit crater of Cotopaxi. The book, in short,
is not only a record of pluck and endurance (for the

hardships, lightly as they are treated by Mr. Whymper,
were often great), but also a literary success, and a con-
tribution to science of no sniall value.

T. G. BONNEY.

SCIENCE AT THE ROYAL MILITARY
ACADEMY.

lyrANYof our readers will have seen that on Thursday
'•''*• last Sir Henry Ro.coe asked the Secretary o'f

State for War whether the military authorities were
aware that at present it is possible for a cadet at the
Royal Military Academy to pass through the course of
work required of him successfully, and even to win
admission to the Royal Engineers, without gaining a fair

elementary knowledge of any branch of experimental
science, and whether Mr. Stanhope would investigate
and remedy this evil.

' I have never sufifered (when oiherwise in good health) from mountain-
sickness in the Alps, but have often observed that I got

•• out of breath
"

more quickly in ascending peaks above lo.ooo or ii.oco feet. This was i

especially noticed in an ascent of the Matterhorn, when, owing to threaten-
ing weather, I went as fast as possible up the last thousand feet or so.

|
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We understand that this step has been taken by Sir

Henry Roscoe because the disadvantageous position of
cadets who have entered the Royal Military Academy
with a knowledge of science as compared with the posi-
tion of those who have offered a second modern language
at the entrance competition,' makes it increasingly diffi-

cult to maintain science studies in the Army sides of

public schools. It may also be expected before long to

have the effect of seriously diminishing the proportion of
officers in the scientific branches of the Army who have
had the advantage of such a prolonged study of experi-
mental science as was admitted to be desirable when this

subject was discussed a few years ago.
The answer made by Mr. Stanhope was partly of a

satisfactory character and partly not so. He undertook
to investigate the subject to which his attention was

'
Usually, we bdieve, the second selection is German.
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called. But, on the other hatjd, his reply reveals the fact

that the educational authorities of the War Office still

fail to see that science studies, like all other studies, must,
in the case of the young, be somewhat prolonged in order

to properly develop their value and render their effects

permanent ; especially if only a m:>derate portion of time
can be devoted to them. For he stated th it so far no
cadet has gained admission to the Engineers without a fair

knowledge of chemistry and physics. Now, as a good
many of the cadets enter upon their work at Woolwich
with little or no knowledge of these branches of science,
as ten subjects are studied at the Royal Mditary Academy,
and as the whole course of work only covers two years,
it seems clear that the elementary knowledge in question
must often be of a very elementary character indeed,
however excellent the teaching may be, especially when
it is remembered that some of the cadets doubtless have
but little taste for such studies, an 1 t|;iat the scientific

faculties of these will have become more or less wea ened

by disuse during their previous course of training, which

frequently has included no experimental science subject
for several years.
The following are the circumstances of the case. The

course of instruction at Wo )lvvich occupies two years,
which are divided into four terms. At the end of the

second term, the choice of joining the Engineer Division
is offered to the candidates in order of merit as indicated

by the marks obtained in the first two terms. But no
cadet can be posted to the Engineer Division who does
not obtain 50 per cent, in fortification.

The marks for the obligatory subjects are :
—

Mathematics 1

Fortification ...

Military Topography
French or German ...

Chemistry and Physics
Model Drawmg

3000
2000
2000
1000
10 o

30

In addition, each cadet may take up a second modern
language as a voluntary subject (in practice this is

usually German), marks 1000—50 per cent, being the

counting minimum
;
and landscape drawing is also a

voluntary subject, marks 700, and counting minimum 50
per cent.

To count marks in any of the obligatory subjects, at

least 25 per cent, of the total must be obtained.
For class promotion at the end of the first and second

terms, candidates are required to obtain 50 per cent, of
the marks in mathematics, and in at least three out of
five obligatory subjects, and 50 per cent, of the aggre-
gate.
Thus it appears that a candidate who had learnt no

science at school might gain admission to the Royal
Engineers in spite of failing in science at Woolwich.

Experience of this system as it works at the Royal
Military Academy shows that in consequence of the very
low minimum counting mark of science, even a beginner
must be very dull or very idle to prevent him from count-

ing the subject, especially as the teaching is suitable for

beginners. Consequently, though chemistry and physics
are nominally compulsory, anything b.^yond a very slight
degree of proficiency is really a voluntary matter, es-

pecially as the effect of low marks in them can be com-
pensated by marks obtained for a voluntary modern
language by tho-.e who have offered two modern languages
at entrance. The converse of this is not possible. For
the voluntary modern language, in c >nsequence of its

high counting minimum mark, and in the absence of any
really elementary teaching of the subject at the Royal
Military Academy, cann )t Oe n idi t > co mt, as a rule, in

the very limited time available, by those who have not

I 800 additional marks f)r higher mhemitics, but cadets cannot count
these papers if they do not obtain at !ea>t 40 per cent, of the marks.
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taken it as one of their subjects at the entrance examina-
tion.

The result is that at the end of the second term those
cadets who have taken two modern languages at the
entrance competition may not only score a high mark for

a voluntary language, but can also easily gain a helpful
mark in science

; whilst those who have taken up one
modern language, and a branch of science, can only as a
rule count marks in one subject at the later stage. As
the competition for Engineers is very keen, the latter class

are at a serious disadvantage. In short, the taking up of
a second modern language at the entrance examination is

made almost compulsory by the present system, much to

the loss of those candidates whose abilities are greater in

other subjects.
The state of things which we have endeavoured to make

clear in a few words has only lately been realized by school-
masters and parents, through the reports of former pupils
and others who are familiar with the matter. The result

has been that there is now often great pressure upon
teachers to send up candidates with two modern languages,
and no science for the entrance examination, even when
they believe that to take up one modern language, and a
branch of science would give the boy an equally good or
better chance of gaining admission into Woolwich, and
would be of far greater professional value to him after-

wards. It is therefore certain that, unless it be shown
th it these views are wrong, or the conditions are amended,
there will soon be a distinct diminution in the proportion
of candidates offering science from the public schools.

The present situation is unfair to candidates whose
abilities lie in the direction of science. It tends to keep
out of the scientific branch of the Army the specially
scientific candidates. It will tend, also, to keep boys
from public schools out of the Army, and replace them
by those who have resorted to Continental tutors. And
finally, by discouraging the teaching of science in Army
classes, it must make it increasingly difficult to maintain
a high level of science work at schools generally. We
therefore hope that those who are with us in this matter
will take any steps they may be able, to secure that the

opportunity created by Sir Henry Roscoe shall not be
lost.

THE LATE SIR WILLIAM BOWMAN.
nro many of the readers of Nature the distinguished

-*- man of science whose life was so unexpectedly
brought to an end a little more than a fortnight ago, was
best known as a great ophthalmic surgeon who for a long
period of years occupied the first rank in his own line of

professional work. But to those of us who are old

enough to remember what physiology and anatomy were

forty years ago, the name of- Bowman has very different

associations. It recalls to us a series of splendid ana-
tomical discoveries communicated to the Royal Society
between 1840 and 1850, of which the chief results were
afterwards brought together in the great work which
Bowman subsequently published in association with Dr.
Todd on the "

Physiological Anatomy of Man." In the

following paragraphs I have endeavoured to give a sketch
of the most important of these discoveries, in the hope
that the many scientific friends to whom his memory is

dear may find it, however imperfect, yet acceptable for

his sake.

The three most important subjects of Bowman's re-

searches were : (i) the structure of muscular fibre, (2) the
structure of the kidney, and (3) that of the mucous mem-
brane of the alimentary canal.

(i) The Structure of the Fasciculus of Striated Muscle
(Phil. Trans., 1840).

— It had been recognized that the fasci-

culus of striped muscle is made up of what Fontana desig-
nated as "

^Is charnusprimitifs" ; and much more recently
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Schwann had shown that the muscular substance is in-

closed in a sheath of structureless membrane, which he
described as produced by coalescence of the cylindrical
cells from which it had originated. Bowman was the

first to observe that the "
sai'cous substance," as he called

it, i.e. the organized content of this tubular sheath, is

capable of being split, not only longitudinally into fibrils,

but also into disks, and founded on this observation a
new view of its structure—namely, that the sarcous sub-

stance consists oi cylindrical parts ("sarcous elements"),
each of which is a segment of a fibril. Bowman's obser-

vations were confirmed by Kdlliker in the admirable
account of the structure of muscle given in the first

edition of the "
Gewebelehre," published in 1 850, He, how-

ever, still regarded the existence of
" sarcous elements "

as open to question. A few years later they acquired a
new title to recognition when Briicke, in his researches
on the structure of muscle with the aid of polarized light,
discovered that the sarcous substance, as observed by
this method, behaves as if it were made up of" a system of

cylindrical bodies, each having the properties of uniaxial

crystals with their axes parallel to that of the fasciculus."

Briicke did not pledge himself to the identity of these

cylindrical bodies (which he called
"
disdiaklasts") with

Bowman's "elements," but rather regarded each such
element as a system of disdiaklasts. It would occupy
too much space to enter on this subject further. It must
suffice to say that the relation between the optical proper-
ties of sarcous substance and its microscopical characters
was soon fully recognized, and that Bowman's sarcous
elements still hold their own in every discussion on the
structure of muscle.

(2) The Structure of the Mucous Membranes of the

Alimentary Tract.—On this subject Bowman's investiga-
tions were fundamental. If anyone were disposed to

doubt their claim to have been the starting-point of the

long series of researches by which our present knowledge
of the subject has been attained, he might at once satisfy
himself by comparing the clear account of the subject
contained in Bowman's article in the

"
Cyclopaedia of

Anatomy" (1843) with the vague statements which are to

be found in the best work on " General Anatomy
"
then in

existence, Henle's "
Allgemeine Anatomie," published im-

mediately before. The contrast is striking. Within the

compass of a very few years Bowman had succeeded in

unravelling the structure of mucous membrane, and
arriving at new conceptions of the relations between its

constituent parts, which have survived to the present day,
notwithstanding the infinite amount of work which has
been done since, in the same field of inquiry

—an achieve-
ment which appears the more worthy of admiration when
it is remembered that Bowman began as it were from

nothing, and had to rely on his own ingenuity for devising
his methods, and on his own dexterity for carrying them
out. For at that time and for many years after, the
methods of preparing tissues so as to display their

structure, which are now in everyone's hands, were

practically unknown.
The Structure of the Kidneys.

—The great discovery
which was announced in Bowman's paper on the structure
and use oftheMalpighian bodies of thekidneys (Phil. Trans.,
1842) was that of the connection between the Miillerian

capsule and the uriniferous tubes. The anatomists of the
time were unanimous in denying the existence of any such

communication, and Miiller himself—who, in his great
work on the intimate structure of the secreting glands,
published in 1830, gave the first account of the capsule-
characterized the suggestion that it might be connected
with the ends of the uriniferous tubes as a ''''

falsissinia
opinio.^^ In the edition of the " Handbuch der Physio-
logic," however, which immediately followed the appear-
ance of Bowman's paper, the great physiologist frankly
admitted his error.

The result next in importance of Bowman's research
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was the explanation it enabled him to give of the renal
circulation. The knowledge which existed was extremely
defective. For, although it was known that there was a
communication between the capillaries of the glomeruli
and those of the convoluted tubes, the belief that the

capsules were closed sacs rendered it impossible to under-
stand their relation to the renal function. They were
indeed regarded merely as retia mirabilia, intended to

check the impetuous blood-stream in its course towards
the tubes. Miiller had, two years before the publication
of Bowman's paper, recognized that the renal tufts of

Myxine are contained in the urinary utriculi, but the

identity of these structures with the glomeruli of the

higher Vertebrates was overlooked by him until Bowman's
description served to explain his own observations on the
renal organs of the lower.

The theory of the function of the kidney which sprang
out of Bowman's anatomical investigations was shortly as
follows :

—The epithelium which Imes the convoluted
tubes is the mechanism by which the characteristic con-
stituents of the urine are excreted. The water of the
urine is discharged by the Malpighian tufts by a process
partly physical, partly vital. These organs thereby serve
as an apparatus for the regulation of the water-content of
the blood, and thereby of the whole body. The grounds
for the theory were (i) the distribution of the capillary
blood-vessels on the external surface of the tubes

; (2) the

analogy of the renal epithelium with that of other secreting
glands ; (3) the absence of any such epithelium on
the surface of the tufts

;
and (4) the consideration

that, by the arrangement of their capillaries, the
blood-stream through the tufts is retarded— a circum-
stance favourable to filtration. The theory was in so far
"
vitalistic" that it assumed for the secreting epithelium

a special power or endowment, of which its structure

afforded no physical explanation. It was soon met by
another which regarded the whole process mechanically.
Only two years after Bowman's second paper, Ludwig's
article in Wagner's

" Handworterbuch "
appeared, in which

it was maintained that not only water but the salts and
other soluble constituents of the urine are discharged
by a process of filtration, and that the function of the
convoluted tubes of the cortex is not to secrete the
solids of the urine, but to reabsorb the water, and
thereby concentrate the product. Without entering
into details, it may be sufficient to say that the

theory of Ludwig was chiefly based on experimental
evidence relating to the immediate influence of purely
mechanical conditions in determining the rate of secre-

tion, which showed that the renal flow is instantly in-

creased by augmentation and diminished by decline of the
difference between the arterial and venous pressures, and

consequently varies with the rapidity of the renal blood-
stream. For twenty years this theory was tacitly accepted,
until in 1875 Heidenhain published the first of those
researches on the process of renal secretion which form
the basis of our present knowledge, and which resulted

in the reinstatement of the doctrine of Bowman that in

the kidney, as in other glands, secretion depends on the
active function of special secreting cells. The most
material difference between the doctrine now taught as

the outcome of the anatomical and experimental re-

searches of the last two decades, is connected with a
fact which remained unknown for many years after the

completion of Bowman's work—that the glomeruli or

Malpighian tufts are provided with epithelium, and that

their function is not, as Bowman thought, merely filtration.

The essential point oiagreement is that the living epithelial
cell contains in itself the essential mechanism for secre-

tion, and that it is on it that the influence of all external

conditions is primarily exercised.

In the fifty years which have elapsed since Bowman
arrived at a true conception of the function of the kidneys,
an enormous and wholly unprecedented progress has been
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made in anatomical and physiological knowledge. The
inferences to which he was chiefly guided by anatomical
considerations have thus been placed on a wider basis,
at the same time that they have been brought into

complete harmony with the more certain evidence of

experiment.
The above ragmentary account of Sir William Bow-

man's scientific work may suffice to show how much his

early achievements aided the advancement of knowledge,
and how materially they influenced the work of the other

great anatomists and physiologists of that stirring time.
Who can say how much more a man of such power would
have contributed to the building up of the great science
which in the vigour of youth he cultivated with such

extraordinary success, had not external circumstances
withdrawn him—too early

—from its service ?

ij. BuRDON Sanderson.

NOTES.
The new London County Council seenns to have rather more

enlightened ideas as to the need for the promotion of technical

education than its predecessor. On Tuesday, when it was
moved that the recommendation of the Finance Committee
with regard to the Council's receipts and expenses for the year

ending March 31, 1893, should be adopted, Mr. Quintin Hogg
proposed as an amendment that the following words be added
to the motion:—"Provided that ;^30,ooo, being part of the

amount receivable by the Council for the financial year ending
March 31, 1893, under the Local Taxation (Customs and Excise

Duties) Act, 1890, be carried over to a suspense account, instead

of being applied in reduction of rate, and that such ;^30,ooo,
when carried over, be dealt with on or before October 1 next

by the Council for any purpose authorized by the above Act ;

and that a special committee be appointed to consider what
action the Council should take under the Technical Education

Acts, 1889-91, and the Local Taxation (Customs and Excise

Duties) Act, 1890, with power to draw up a scheme or schemes
for the consideration of the Council." This was seconded by
Mr. Baum, and warmly supported by Sir John Lubbock and
other speakers. The amendment was adopted by a large

majority, only three voting against it.

Dr. Scott having accepted the charge of the "Jodrell Labora-

tory at Kew, the Assistant- Professorship in Botany at the Royal
College of Science at South Kensington will be vacant at the
end of the present session. The appointment rests with the
Lord President of the Council, and candidates for the post
should send their applications to the Secretary, Science and Art

Department, accompanied by testimonials. The salary is £dfiO
per annum.

Sir Andrew Clark, F.R.S., has been elected for the fifth

time President of the Royal College of Physicians of London.

Mr. Francis Darwin, F.R.S., author of "The Life and
Letters of Charles Darwin," has been elected a member of the

Athenaeum Club, under the terms of the rule which provides for
" the annual introduction of a certain number of persons of dis-

tinguished eminence in science, literature, or the arts, or for

public services."

The Trustees of the British Museum have appointed Mr.
Arthur Smith Woodward to the Assistant-Keepership of the

Department of Geology in succession to Mr. Etheridge, who has

been retired by the operation of the Order in Council of August
1890. A junior assistantship which thus becomes vacant will

shordy be filled by competition among the candidates nominated

by the principal Trustees,
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Mr. F. J. M. Page has been appointed to the Chair of

Chemistry and Physics at the London Hospital rendered vacant

by the death of Dr. Tidy.

Dr. Hugh Robert Mill has been appointed to succeed

Mr. J. S. Keltie as Librarian to the Royal Geographica

Society.

We have already announced that the Royal Medals of the

Royal Geographical Society have been awarded to Mr. A. R.
Wallace and Mr. E. Whymper. The Murchison grant has

been awarded to Mr. Swan (who accompanied Mr. Theodore
Bent in his expedition to Mashonaland) ; the Back grant to the

Rev. James Sibree for his many years' work on the geography
and bibliography of Madagascar ; the Cuthbert Peck grant to

Mr. Campbell for his important journeys in Korea ; and the

Gill Memorial to Mr. Garrett for his geographical work during
the past fifteen years in Sierra Leone.

At the meeting of the Royal Geographical Society, on Monday,
Mr. Ernest Gedge read a paper on a recent Expedition under

Captain F. G. Dundas, R.N., up the River Tana to Mount

Kenia, in East Africa. He said that his account of the expe-
dition had been compiled from the notes and jonrnals of the

European members thereof. In appearance the Tana might be

likened to a miniature Nile for the whole of its navigable length,
a distance of some 360 miles by river, flowing through a vast

plain, and generally confined between low banks. The sur-

rounding districts were flooded during the rise of the river in

the rainy season. In fact, the whole country from Charra
across to the Ozi River might be described as one vast swamp
choked with rank vegetation. Only a small fraction of this

area was cultivated at present. Above Hameye, the river

was a succession of rapids and falls
; the channel was choked

with boulders, and quite unnavigable. In fact, it had the

general appearance of a mountain torrent of large dimensions.

With regard to the geological structure on the upper reaches,

this appeared to consist principally of gneissic formations above

Hameye, which, on nearing Mount Kenia, gradually changed
to indurated hornblendic schists, till on the mountain itself it

again changed to basaltic rocks and volcanic ash.

Dr. Henry Hicks, F.R.S., has announced in the Times

that during some recent excavations in Endsleigh Street, N. W.,
in connection with the deepening of the main sewer, the work-

men came upon the remains of a mammoth and other prehistoric
animals at a depth of about 22 feet from the surface. In the

central excavation, near the north end of the street, two large
tusks of a mammoth were met with lying near together along
with other bones belonging to the same animal. A portion of

one of these tusks was brought to the surface, and it was found

to measure at its thickest part nearly 2 feet in circumference.

The length of the complete tusks would probably be at least

9 feet or 10 feet. In another excavation on the west side of the

street, at a.distance of about 15 feet from the above-mentioned,
the lower jaw and other bones of a younger mammoth were

discovered at about the same depth from the surface. The dark

loamy soil in which the remains were embedded has yielded on

examination many seeds of contemporary plants ; and Mr.

Clement Reid, of the Geological Survey, to whom samples of

the loam were submitted, has been able to determine the pre-
sence in it of about twenty species. These show that the land

at the time was of a marshy nature. Deposits usually classed

with the high-level gravel and brick earth of the Thames Valley
were found overlying the animal remains ; hence the geological

age during which the animals lived, in Dr. Hicks's opinion,
must be included in what is known as the Glacial period.

A BUST of Gustav Nachtigal has been set up in the Berlin

Museum fiir Volkerkunde, beside the collections formed in the
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course of his travels. At the unveiling of the monument in-

teresting speeches were delivered by Freiherr von Richthofen,

Dr. Bastian, and others.

The sixth summer meeting connected with the University

extension scheme at Edinburgh will take place in August, and

promises to be of great interest. The arrangements include

" a geographical and technical survey of Edinburgh and district."

There will also be a course on the teaching of physiology

and hygiene, with a series of evening lectures by prominent

specialists on the problems of technical education. A course

on sociology will be given by Prof. Geddes ;
on anthropology, by

Prof. Haddon ;
on general biology and zoology, by Mr. A.

Thomson ;
on physiology, by Prof. Haycraft ; and on botany,

by Messrs. TurnbuU and Herbertson. Occasional lectures will

be given by a number of gentlemen, among whom will be

several representatives of foreign Universities.

The Geologists' Association are to devote the Easter holidays

to an excursion to Devizes, Swindon, and Faringdon.

The Geographical Section of the London Geological Field

Class will take their first excursion, under the personal direction

of Prof. H. G. Seeley, F. R.S., on the afternoon of Saturday,

April 23, when they will visit Reigate. Full particulars can be

obtained from the general secretary, R. H. Bentley, 31

Adolphus Road, Brownswood Park, N.

Botanists have long been accustomed to publish sets of
"

Exsiccati," especially of micro-fungi, which have been widely

distributed among specialists in the groups dealt with. Sets of

Coccida; prepared by Mr. T, D. A. Cockerell, the Curator of the

Museum at Kingston, Jamaica, are to be issued by the Institute

of Jamaica on much the same plan, and it is hoped that they
will be of service not only to students, but also to horticulturists

and those interested in agriculture in tropical countries, who
often have to contend with scale insects, which they rarely have

the means of identifying. The first set, including ten species,

all from Kingston, has already been issued.

At the twenty-third annual meeting of the Norfolk and

Norwich Naturalists' Society, held on March 29, Mr. H. B.

Woodward, F.G.S., was elected President for the coming
session. Dr. F. D. Wheeler, the President, read the annual

address, in the course of which he stated that during the past

year the Society had lost by death six members, to one of whom
—the Rev. H. P. Marsham—it was indebted not only for the

register of the "
Indications of Spring," begun by his great-

grandfather, R. Marsham, F.R.S., of Stratton Strawless, in

1736, and continued with only one break to the present time,

but also for the letters of Gilbert White to that gentleman,

printed in the Transactions for 1874-75. Dealing with the

subject of the gradual extinction of many of the species of Lepi-

doptera that once inhabited the fens. Dr. Wheeler said he

thought the direct action of man might in most cases be wholly

disregarded. Indirectly, by draining the fens, man was no doubt

responsible for the extinction of many of their peculiar denizens,
but even this cannot account for all, since some insects disap-

peared or became very rare without any striking change in the

locality they inhabited. He considered that such cases were

generally due to climatic causes, the insects being possibly on
the extreme limit of their geographical area. In some cases the

gradual drying of the fen might, by affecting the food-plant,

prove fatal in the end to the larvae feeding on it.

At the meeting of the Linnean Society of New South Wales
on February 24, Mr, J. H. Maiden read a paper on Panax
gum. Resinous exudations have been mentioned for many
years as occurring in non- Australian Araliacese, but no details of

composition, much less of analyses, are, it is believed, in existence.
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A true gum has been recorded as occurring in a New Zealand

Panax. The author now describes true gums from P. sambuci-

folitcs var. angusta, P. Alurrayi, and P. elegans. They closely

resemble certain Acacia gums, but may be distinguished in

practice by slight odours of a peculiar character.

The Meteorological Council have recently issued, in the

form of a preface to the Daily Weather Reports for July to

December 1891, a series of tables giving the monthly means for

pressure, temperature, and rainfall at twenty-eight stations. The

values are for twenty years, 1871-1890, and in the case of rain-

fall, for twenty-five years, 1866-90, and they will be very useful

for reference in various climatological questions. The tables

show that the mean pressure is uniformly higher over the

southern portion of the British Islands than over the northern,

but the difference is less in summer than in winter ;
in April the

means are more uniform than in any other month. The tem-

perature tables give the means of the dry-bulb and wet-bulb, and

the mean maximum and minimum values, together with the

means of the latter. Taking the mean of the minimum and

maximum values for January and July, as representing the

coldest and hottest periods of the year, we find that Cambridge
is the coldest place, while both Loughborough and York are

colder than some of the Scotch stations. The hottest station is

London, 72'''4, and Loughborough is 7I°'5. The wettest station

is Valentia Island, the total fall for the year being 56*6 inches ;

the next wettest place is Roche's Point, where the annual fall is

47*8 inches. The driest station is Spurn Head, where the total

yearly fall is only 20*9 inches. The average yearly fall in

London for a quarter of a century is 24*99 inches.

Spaniards are making a good many preparations for the

celebration of the four hundredth anniversary of the discovery of

the New W^orld. In the autumn of the present year there will

be several Exhibitions, in one of which will be shown objects

relating to the continent of America before the advent of

Europeans, while another will illustrate the state of civilization

in the colonizing countries of the Old World at the time when

the new continent was discovered. In October the Congress of

Americanists will meet at Huelva, and will discuss a variety of

subjects relating to the continent of America' and its inhabitants

400 years ago. In the same month, at Madrid, a Spanish-

Portuguese- American Geographical Congress will meet for the

discussion of such questions as relate more particularly to the
" Iberian-American "

races, their aptitude for colonization, and

the future of the Spanish language.

It is expected that the diamond industry of South Africa will

be well represented at the Chicago Exhibition. The collection

from Cape Colony will include 10,000 carats of uncut stones, a

large quantity of very fine cut and polished ones, together with

all that is necessary to show the process of mining and washing.
For this it will be necessary to transport to Chicago 100 tons of

pulverized blue earth, 50 tons of unpulverized earth, and a com-

plete washing machine, which will be "operated
"
by natives.

The first number of the Irish Naturalist has been issued,

and will doubtless receive a cordial welcome in Ireland, where

no other journal of the kind exists. It is a monthly periodical,

and for the present each issue will consist of only sixteen pages.
The paper starts with the support of all the Irish Natural

History Societies.

The burial mounds of sand in Florida are rapidly disappear-

ing in consequence of the way in which they are disturbed by

treasure-seeking natives and relic-hunting tourists. Mr. C. B.

Moore has therefore done good service by giving in the February
number of the American Naturalist an account of a somewhat
remarkable burial mound previously unopened. It stands on
Tick Island, Volusia County, Florida, and is conical in shape,

except towards the east, where from the summit a gradual slope
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extends into a winding causeway or breastwork. The height of

the mound is 17 feet ; its circumterence, 478 feet. Its base is

composed of shells, apparently brought from the neighbouring

shell fields to serve as a foundation in the marshy soil. Across

the centre of this layer of shells from north to south runs a

ridge of pure white sand, above which is a stratum of dark

sandy loam mingled with shells, while the sides of the ridge are

rounded out with sandy loam in which shells are wanting, thus

forming a symmetrical mound. During the excavations over a

hundred skeletons were exhumed, and Mr. Moore does not

doubt that many hundreds still remain. Although careful

searchers examined every spadeful of sand, not a bead of glass

nor a particle of metal was discovered, so that the mound had

probably ceased to be used for burial purposes when Florida

began to be occupied by white men. Many fragments of

pottery were found, and various ornaments and stone weapons.

The Pittsburgh Electric Club, according to an account of it

given by the American journal Electricity, seems likely to be a

successful institution. It was organized nearly a year ago,

and is a corporation of the State of Pennsylvania. Its aim is

primarily to aid in the progress of electrical and mechanical

science, and incidentally to promote social intercourse among
those interested in this main object. By the time it completes
its fir-t year of existence it will have 200 members. Every
electric company in the United States is represented in its

membership. The Club has already provided itself with "a

large and luxurious home," several of the rooms of which are

effectively represented among our contemporary's illustrations.

An interesting paper on the manufacture and use of

aluminium, from an engineering stand-point, by Mr. Alfred E.

Hunt, President of the Pittsburgh Reduction Company, is

printed in the current number of the Journal of the Franklin

Institute. Mr. Hunt is strongly of opinion that financially the

most successful solution of the aluminium problems of the

future will be in the way of utilizing the metal in the arts rather

than in devising more economical methods of manufacture. He
gives a very good account of the uses to which aluminium has

already been applied. We may note that it has been success-

fully used instead of lithographic stone. Powdered aluminium

mixed with chlorate of potash is used to give a photographic
flash- light, which produces much less smoke than the mag-
nesium compounds used. An aluminium has been produced
for the coating of iron, and Mr. Hunt thinks that this will un-

doubtedly be considerably used in the future.

According to the National Druggist, the sunflower is found

to be of great service in Southern Russia, where it has for some
time been extensively cultivated. It is grown principally for the

bright yellow, colourless, and tasteless oil yielded by its seeds.

That oil is said to be superseding olive oils throughout Southern

Russia for domestic purposes. The pressed seeds and the boiled

leaves (the latter mixed with clay) serve as cattle food, the stalks

as fuel. Like the eucalyptus, the sunflower possesses the pro-

perty of drying marshy soil, and counteracts the development of

malaria germs.

A VALUABLE paper on photography applied to the detection

of crime, by Dr. Paul Jeserich, was read at a recent meeting of

the Photographic Society of Great Britain, and has now been

printed in the Society's Journal and Transactions. Among the

subjects with which the author deals is the application of photo-

graphy to the detection of the falsification of handwriting. In

such cases photography can be of great service, as in an enlarged

photographic picture erasures and alterations can be more clearly

seen than in the original. But, above all, photography can be

used to demonstrate in the resulting picture differences in inks

which cannot be perceived by the eye. Dr. Jeserich claims that

by his method, the outcome of many years' experience, it is

possible to demonstrate diff^erences in the colours of the inks
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which cannot be seen, the one ink appearing light and the other

dark. This process depends on the following considerations :
—

As is well known, the tints of the inks that are called black are

either brown, red, green, or blue in shade. Such tones have

but little effect on the eye, as it is chiefly sensitive to the yellow
and red rays, but the chief sensitiveness of photographic plates,

on the other hand, lies in the blue, violet, and ultra-violet. As,

with ordinary sensitive plates, yellow and green subjects are

rendered dark, and blue ones light, the same will follow in

photographing inks of various tones. This difference can be

considerably intensified by the use of suitably coloured light,

and colour-sensitive plates. In this manner marked differences

in the various inks can be clearly and distinctly demonstrated.

After the reading of the paper. Captain Abney, the Chairman,
said he once examined an engraving which was reputed to be of

value, and by means of photography he was able to bring out the

original signature under a spurious one, which had been added.

The picture turned out to be worthless.

Some correspondence has been going on in the New York

Nation about the present position of the study of psychology as

a science in the United States. Mr. E. W. Scripture is very

far from being satisfied with it. One or two pioneers in the use

of scientific methods have, indeed, achieved some success ;

but this, says Mr. Scripture, "ought not to blind us to the fact

that by far the large majority of our so-called Universities teach a

psychology which would call a blush of shame to the face of old

Aristotle, the father of the science, for the degeneration of his

offspring in the last two thousand years. To attempt to con-

sole ourselves by pointing out the entire lack of psychological

facilities in England (except in the Cavendish Physiological

Laboratory), is like trying to persuade the New Yorkers of the

charms of bossism because the Czar of Russia is worse than

Hill."

Perhaps the most noticeable contribution to the new number

of the Journal of the Royal Agricultural Society of England is a

paper by Mr. Carruthers, explanatory of a series of eight diagrams,

illustrating "The Life of the Wheat Plant from Seed to Seed,"

which the Society has recently published. Thase notes will be

very useful, and, judging from the woodcuts in the Journal, the

diagrams themselves are likely to prove of considerable value to

agricultural lecturers and teachers. Amongst the reports, that

from the Royal Veterinary College is interesting ;
it deals mainly

with the subject of foot-rot in sheep, and furnishes very strong

evidence of the contagious nature of the disease ;
further in-

vestigations are in progress with the bacteria found in pus from

the diseased surfaces. Mr. R. E. Prothero contributes an

interesting historical sketch of farming in England, under the

title of " Landmarks in British Farming."

Hifnviel uttd Erde for April contains some interesting notes

on the nature of Jupiter's surface ; the observations which

Christopher Scheiner made with his instrument about the year

1625, with two illustrations, one showing a perspective view of

the instrument itself, the other being a representation of the

solar surface, on which are situated several spots that were visible

on the sun from April 18 to May i, 1625 ;
an article by Dr.

A. Fock on a "Problem of Chemical Mechanics
"

;
and a paper

by Dr. Leize on the "End of the Age of Alchemy, and the

beginning of the latrochemical Period."

Part 13 of the " Universal Atlas
"

that is being published

by Messrs. Cassell and Company contains maps of the British

Empire, The Caucasus, and Greece. In the first of these all the

well-known currents are charted, and in addition, the com-

mercial routes of the world, which form such a network of

lines, especially in the Atlantic Ocean, are inserted. Three

smaller maps on a larger scale show in greater detail these steam-

ship lines in the neighbourhood of Western Europe, the West

Indies, and the Mediterranean.
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The anhydrous sulphates of zinc, copper, nickel, and cobalt

have been o'ltained in well-developed crystals by M. Klobb, who
describes his experiments in the current number of the Comptes
rendns. It was first observed that when a small quantity of the

ordinary hydrated sulphate of cobalt was allowed to fall into

fused sulphate of ammonia it immediately dissolved, imparting a

deep blue colour to the liquid, and when the heating was con-

tinued in such a manner that the ammonium sulphate slowly
volatilized away, the walls of the crucible were found lo he covered

with small red crystals. Upon analysis these crystals proved to

be those of anhydrous cobalt sulphate. Similar experiments
with tie hydrated sulphates of zinc, copper, and nickel succeeded

equal^ well, and it was found to be immaterial whether the

hydrated salts with five, six, or seven molecules of water, or the

amorphous anhydrous salts obtained by ignition, were employed.
The best mode of operating in order to obtain good crystals is

briefly as follows. A quantity of ammonium sulphate is placed
in an ordinary porcelain crucible ;

over this is then laid an inti-

mate mixture of ammonium sulphate with one-third its weight of

the metallic sul[)hate required. The crucible, covered by its lid,

is then inclosed together with a packing of <and within a Hessian

crucible, which is afterwards placed in a muffle fuinace and heated

until the sulphate of ammonia has all escaped. The heating
should then be at once discontinued in order to prevent decom-

position of the metallic sulphate. After cooling, if the heating
has been carefully conducted, the residual metallic sulphate is

found to be crystalline throughout, and to consi>t largely of

single well-formed crystals. The result is particularly good in

the case of zinc sulphate. If quantities of about twenty grams
of anhydrous zinc sulphate are employed, col 'urless octahedrons

two and a half millimetres long may be obtained. These crystals

only dissolve with extreme slowness in cold water, but are much
more rapidly dissolved upon warming. Sulphate of copper
treated in a similar manner yields prismatic needles of the an-

hydrous salt. These crystals present a pale grey appearance, but

on being left exposed to the air for a few days they assume first

a green tint and subsequently pass over to the ordinary penta-

hydrated blue salt. Unlike the crystals of anhydrous zinc

sulphate, they are rapidly dissolved by cold water, forming the

usual blue solution. The crystals of anhydrous sulphate of

cobalt prepared in like manner consist of brilliant red octa-

hedrons, which are apparently unaltered by exposure to the air,

and which arennly slightly attacked by water even when boiling.

Still more remarkable are the green crystals of anhydrous nickel

sulphate obtained by the above mode of preparation, for these

crystals, so unlike the readily soluble hydrated >ulphate, are prac-

tically in'<olul)le oth in cold and boiling water. This last in-

stance affords a striking example of the influence of water of

crystallization upon the solubility of a salt.

The additions to the Zoological Society's Gardens during the

past week include an Entellus Monkey (Semn ipithc' us entellus i )

from India, pr stnted by Dr. Wm. Eames and Ur. Earle, R.N.;
a Owl (Psiudoscops grammicus) from Jamaica, presented

by the Trustees of the Jamaica Institu'e; a Green Conure

{Conurus pavua) from Trinidad, presented by Mrs. Hill; two

Sharp-nosed Crocodiles {Crocodilus acutus) from Central

America, presented by Sir Henry Arthur Blake, K.C. M.G. ;

two Common Vipers (Fi^ijra <^i??-Mj), British, presented by Mr.

A. Cotton, F.Z.S; an Orange-winged Amazon {Chrysoiis

amazoittca) ; t vo Mississippi Alligators {Alligator mississip-

piensis) (rom South America, a Mantchurian Crossoptilon

{Crossoptilon mantchuricum) from Northern China, four Spiny-

tailed Masiigur-'S {Uromastix acanlhinurus) from North

Africa, deposited ; a Slow Loris {Nycticelms tardigradus) from

Borneo, two Bar-breasted Finches [Mu-da nisoria) from Java,

two Mute Swans (Cygnus olor), European, purchased ; an Angora
Goat {Capra hircus van), born in the Gardens.
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OUR ASTRONOMICAL COLUMN.
Observations of the Spectrum of Nova Aurig.^i.—Dr.

Henry Crew, in Astronomy and Astro- Physics for March, gives
a general description of the visible spectrum of Nova Aurigae on
February lo and ii, observed by him with a spectroscope
attached to the 36- inch of the Lick Observatory. The positions
of the following lines were determined by direct comparison
with the lunar spectrum and the spark spectra of hydrogen and

magnesium :
—

N_..
of

line.

I

Wave-
length.

6565-8

Description.

... Probably C ; very broad and bright in

prism ; not seen in grating.
... Faint, broad, diffuse.

Not quite so bright as 2, but broader ;

both 2 and 3 may be bright only in

comparison with neighbouring ab-

sorption bands.
... Yellow line, just below D.

TThree very faint lines ; difficult to say
I whether they are really bright lines

\or
simply bright regions bounded by

dark spaces.
. . . Much more brilliant than any of the pre-

ceding ; quite broad ; much sharper
on the upper side than the lower ;

nearly coincides with b^. The most
brilliant part of the continuous spec-
trum is terminated abruptly by this

line.

... Of about the same brilliancy as 8, and,
like it, sharper on the upper side.

... About half as bright as 9.

... Probably F
;

not less than 6 tenth-

metres in width.

... Hy? Wide and difficult to see.

A curve, showing the intensities of the lines as seen with a

prism, accompanies this description. Prof. Young has deter-

mined the positions of twelve bright lines in the Nova spec-
trum (Astronomical Journal, No. 258). The wave-lengths are

as follow: 4340 (H7), 449, 4861 (F), 4922, 5015, 5165,

5260, 5304, 559, 590 (D?), 632, 6563 (C). A faint line was
also glimpsed below C, and another—probably h—above G.

The lines at 4922 an 1 5015 are believed not to be nebular lines.

Those at 559 and 632 are possibly coincident with the two

principal lines in the aurora spectrum.

Denning's Comet {b 1892).
—Edinburgh Circular No. 25

contains the follo>ving elements and ephemeris of Denning's
comet, computed by Dr. R. Schorr :

—

10

II

6321
6209

5898

526s
5254
5216

5167-1

5009

4920
4861-6

4352
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ship will be sure that Mr. Tower did not exaggerate the

ingenuity of its inventor ; and we hope some day to have the

details made public, more especially as the Director of Naval
Construction—who was another of the favoured few who had
seen the apparatus at work—stated that he felt sure it would
have a wide application for other purposes than that for which
it was originally devised. As a result, in a heavy sea in the

Channel, the apparatus reduced a roll of i8° each way to one of

9° each way.
Mr. W. H. White's paper on recent experiences with H.M.'s

ships had of course been looked forward to with considerable

expectation and interest. The Director of Naval Construction
has the art by which he can render interesting almost any sub-

ject upon which he writes. Probably, however, the paper was

disappointing to many engineers, who were misled by the title

into the belief that the great forced-draught and leaky-tube

question was going to be fought out. As a matter of fact,

Mr. White only referred to the boiler problem in order to

inform his audience that he was going to say nothing about
it ; and the chief point to which he turned his attention was the
influence of shallow water upon the trial trip speeds of modern
vessels. In past times when speeds were more moderate, the
Stokes Bay measured mile did well enough, but now that vessels

have to be tried to 20 knots and over, the depth of water is

wholly insufficient. Most of the measured miles on which ships
are tried have an insufficient depth of water, the notable excep-
tion being the Skelmorlie course on the Clyde, which appears to

be everything that can be desired, the water beinsi both sheltered
and deep. The Humber course isapparertly the worst, as it is

shallow in depth and very much exposed. In connection with this

matter, an amusing incident arose during the discussion on Mr.
White's paper. A patriotic Scots shiplmilder had been exult-

ing in the superiority of the Scottish mile over all those on the

English coast. He was followed by a Hull constructor, who ac-

knowledged the excellence of the Skelmorlie trial ground,"
which," he said, "doubtless largely accounted for the very

excellent results attained by Clyde-built vessels." To return,

however, to Mr. White's paper ; he gives an instance of two sister

vessels Jried on the Maplin mile at different states of the tide.

The variation in dt-pth of water was 9 feet on 42 feet, and with
the same power indicated there was a difference of half a knot
in speed. The cruiser Edgar, in Stokes Bay, with 12 fathoms of

water, required 13,260 horse-power to attain 20^ knots ; whilst
in water 30 fathoms deep she reached 2 1 knots with 1 2, 550 horse-

power. In running from the Nore to Portsmouth, the first-class

cruiser y9/^«/z«wmade 20 knots with 15,750 indicated horse-power
in water 9 fathoms deep. On the same trip, when the vessel got
into water of 22 to 36 fathoms, the speed rose to 21^ knots with

practically the same horse-power. In this instance the estimated
loss due to the shallower water was 3000 horse-power. Other

examples were given by the author, and by other naval architects

during the discussion, the most notable perhaps being that

narrated by Mr. Philip Watts, the chief of the Elswick Ship
Yard, who gave his experience with the Italian cruiser Pimonte,
the results being very similar to those of the Blenheim. It is

evident that depth of water has a far greater influence on speed
trials than has hitherto been generally supposed, and it should
be remembered that the smaller vessels, such as torpedo-boats,
suffer almost as much as the larger craft. A vessel travel-

ling at a given speed has to carry a wave of dimensions corre-

sponding to the speed, whether the vessel be large or small, so
that the size of the vessel does not aff'ect the depth of water re-

quired, except in the important detail that a big vessel's kt-el is

nearer the bottom than that of a small one. Vibration was
another subject upon which Mr. White treated, but this question
was so much more fully dealt with by Mr. Yarrow in the even-

ing, that we may pass on to the paper of the* latter contributor ;

skipping the three intervening, which were of less general
interest

Mr. Yarrow's paper on balancing marine engines and the
vibration of vessels was undoubtedly the great feature of the

meeting, as was his paper last year on the construction of
marine boilers. Unfortunately it is impossible to give a good
idea of Mr. Yarrow's lecture—for it was more than a paper

— with-
out the aid of the views by which it was illustrated. These
were thrown, by means of the lantern and electric light, on a large
screen erected for the purpo.se. As everyone knows who has
been present on the trial trip of a torpe lo-b)at, the vibration in

these little craft is excessive. The enormous power exerted by
the engines, the rapidity of their reciprocations, and the slight

and elastic nature of the hull construction, all combine to
render the deck of a torpedo-boat, travelling at her best

speed, a most unpleasant position ; especially when the spray
is driven in sheets across the deck, and the white-hot cokes
are at intervals emitted from the chimney. It is natural,

therefore, that the question of vibration should be attacked,
and to a great extent solved, by one of our two great
torpedo-boat builders. Mr. Yarrow, some time ago, came to
the conclusion that it was the reciprocating weights of the

engines that caused vibration. There was long a general belief

that the propeller was the origin of nearly all vibration in screw

ves-els, and the belief still largely exists ; but those best ac-

quainted with the subject have for some time known it to be
erroneous. If the blades of a screw be properly balanced, and
in other respects if the propeller is as well made as the screws
of torpedo-boats have to be, there will be little difference in the
amount of vibration whether the screw be in position or taken

off", provided the engines are running at the same speed in both
cases. Mr. Yarr w has proved these facts most conclusively
by an elaborate series of trials made with workint; models
and also with an actual torpedo-boat. The principal model re-

presented to scale a three crank tri-compound engine. This
was hung in a frame by means of spiral springs. The
weights of their pistons and other moving parts were as

o'dniarily arranged in a torpedo-boat's engines. The model
was caused to work by means of a thin and flrxible steel wire,
so that no motion other than a rotary movement, could be con-

veyed to the apparatus. When the model was caused to work, at

a given speed, the movement was excessive. In this way was very
clearly brought out the fact, already known to engineers, that

the vibration of a boat is at its maximum when the revolutions
of the engine synchronize with the natural period of vibration of
the boat. It will be seen that, a boat or ship, like any other
elastic structure, say a girder or a tuning-fork, will have a period
of vibration natural to it. The reciprocations of the engine
pistons cause a certain number of impulses to be communicated
to the hull, and if the number of vibrations and the impulses are
either one a multiple of the other, then the vibration will be ex-

cessive. This has been thoroughly proved by experience, and
it has been the aim of builders of high-power vessels of light

scantling to fit screws so designed that at maximum speeds the

vibrations and revolutions of the engine will not synchronize.
In Mr. Yarrow's model the elasticity of the hull was repre-
sen'ed by the stiff spiral springs by which the model engine was

suspended. Having shown the way in which the reciprocating

weights of the engines acted so detrimentally, Mr, Yarrow next

proceeded to explain the manner in which he overcame the

difficuhy. Attached to the model were weights, which he
termed boh- weights. These were so placed as to balance the

natural reciprocating parts of the engine. They were actuated

by eccentrics, and could be put in and out of gear as required.
With the bob-weight in operation, the effect was most marked,
the model being perfectly steady at any rate of movement.
The bob-wei^jhts have, of course, to be of the proper weight,
and must be accurately placed in the longitudinal plane of the

engine, otherwise the balance would be destroyed. This was
shown by Mr. Yarrow with the model. He had first thought
that a good effect might be obtained by making all three pis-
tons of equal weight

—the low-pressure piston is naturally far

heavier than the others—but little benefit was obtained in this

way. One of the most interesting parts of the lecture was the

photographic pictures of torpedo-boats thrown on the screen

by the magic lantern. These pictures were among the best

of the kind we have ever seen. The boat was moored in

the West India Docks so as to get still water, and a calm day
was chosen. The propeller was removed so that the engines
ran free. The first photograph was taken with the engine in its

ordinary condition, no bob-weights being attached. By previous

experiment the number of revolutions that caused the most
vibration had been ascertained ; we believe 240 per minute was
the number, and the engines were run at that speed. The boat

was therefore caused to vibrate excessively, and the eff"ect was

clearly shown by the waves or ripples thrown off" from the side.

These were beautifully marked in the photograph, the pattern
caused by the intervening wave-series being very curious. Many
pictures were given illustrating various wave phenomena due to

different combinations, one of the most interesting being that in

which vibration was caused by one of Mr. Yarrow's assistants

springing on the stern 240 times a minute ; an athletic feat of

no mean order, and one which required considerable training.
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Another series of photographs, taken broadside, very clearly
showed, by means of the wave motion, the nodes of vibration

due to the period ; the straight and the broken water line

being well defined. When the bob-weights were attached,
this phenomenon was naturally not present, as the vibration

was destroyed. Our description has extended so far beyond
our proper allotment of space, that we have not been able
to describe the "vibrometer" which Mr. Yarrow has devised,
and by which he obtains automatic records of the vibrations
of a vessel. This instrument, if not absolutely accurate, has
been proved quite sufficient for the purpose. On the whole,
one can hardly doubt, after hearing Mr. Yarrow's lecture, that

he has found a practical solution to the vibration difficulty,
which threatened to become one of such serious dimensions,
not only in torpedo craft but passenger steamers, in these days
of high speed and steel hulls.

The other papers we must pass over very briefly. Mr.

Denny's monograph on the strength of steamers consisted

virtually of a table with some explanatory notes. It represented
a large amount of work, and will prove of great use to naval
architects. Mr. Hok's contribution added another to those

many
"
rapid methods " which from time to time are brought

forward, but none of which have, so far as we are aware, yet

superseded the older methods of calculating stability. Mr.
Heck's paper was a useful contribution, explaining some simple
methods he had devised for arriving at the state of the atmosphere
in petroleum steamers.
On Friday the first paper taken was that of Mr. Froude, who

may be safely described as our first living authority on the screw

propeller in its scientific aspect. It will be remembered that the
author has of late read a series of papers on this subject before
the Institution. During the discussion on his contribution of last

year Mr. Thornycroft suggested that someof theconclusionsarrived
at might be modified by the rotation of the race, and it was in

order to elucidate this point that the investigation was under-
taken. The present paper is the outcome of this. It would
be useless to attempt to abstract, ever so briefly, a paper on
so abstruse a subject as this ;

in fact, up to the present time we
have not been able to give the day's preliminary study which
Mr. Froude's papers require before we can fairly get a grasp of
their drift. We should perhaps have hardly had the courage to

make this admission had not two such past masters of the subject
as Mr. Thornycroft and Mr. Macfarlane Gray confessed that

they had devoted a day to the study of the paper, and still were
not in a position to discuss it. The paper by Mr. Liversidge
was the last read, and led to a short discussion, in which no

point of special interest arose.

FOURTH ANNUAL REPORT OF THE DELE-
GATES OF THE OXFORD UNIVERSITY
MUSEUM.

'T^HE Delegates of the University Museum have presented
-*-

their Report to Convocation for the year 1891. This Report
consists of two parts : (i) the General Report of the Delegates,
properly so called

; and (2) the Departmental Reports of the
Professors and Lecturers teaching within the Museum precincts.
The Delegates call attention to the improved accommodation

provided, or in course of being provided, for the several depart-
ments of Comparative Anatomy, Zoology, Geology, and in the
Pitt-Rivers Museum. These new and improved buildings will

be fully available before the end of 1892. The result will

be, in the Comparative Anatomy Department, by altering the
old dissecting-room, to utilize it for convenient and well-

lighted rooms for laboratory and museum work. The Geological
Department, which has long been inadequately accommodated,
will be enlarged by a long working-room and a store-room
above. Two spacious store-rooms have likewise been provided
for the department of Zoology and the housing of the Hope Col-
lection. A Curator's room has also been provided for the Pitt-

Rivers Collection, and additional facilities for the arrangement
and storage of specimens.
The dissecting-room, lecture- theatre, museum, and assistants'

and working rooms required for the department of Human
Anatomy are in course of erection. They are expected to be
available for use early in 1893.

Among the Professors' Reports, the Regius Professor of
Medicine regrets that the University authorities have not seen

their way to provide, even on a modest scale, a Bacteriological
Laboratory for the use of his department. But under the super-
vision of Dr. Carl Menge, recommended by Prof. Virchow, a
small laboratory has been arranged in the limited space devoted
to the department of Medicine. The apparatus was purchased in

Berlin, and Dr. Menge, freed from duties abroad, conducted a
class during the long vacation in the technique of Bacteriology.
This class was not only attended by several gentlemen who had

passed the M.B. examination, but interested many of ttie medical

practitioners in Oxford.
Sir H. Acland hoped to investigate the condition of the waters

in and about the Isis and Cherwell, in connection with the

larger inquiry as to the bacterial condition of the water supplied
to London, but for various reasons this investigation is for the

present left in abe>ance.
The Linacre Professor of Comparative Anatomy divides his

report into two subdivisions : (i) the care and development of

the collections illustrating the comparative anatomy and classi-

fication of animals placed m the court of the Museum, and (2)
the administration of the laboratories and lecture-room assigned
to his department.

In the first subdivision the Professor remarks that the speci-
mens are rather stored in cases than "exhibited." By the aid

of competent assistants, however, he hopes that the more typical

speciiiiens may be set out and labelled in a thoroughly demon-
strative manner, after that introduced by Prof. Fliwer at the

British Museum. A special case, illustrating the chief treasure

of the Oxford Museum, viz. the head and f)ot of Ashmole's

Dodo, is being made ready, and also a series of specimens, casts,

and drawings, to exhibit the interest and imfjor'ance of the six

fossil jaws of Mammals from the Sionesfield Slaie.
" The task of doing justice to the valuable collections belong-

ing to the University, by adequately exposing, lalxUing, and

arranging, some in exhibition cases, and by carrfidly rec rding
and storing others, where they sh ill be readily accessible for the

purposes of the student, is no light one. Even with a full staff

of assistants it would take several years, and could never be

'finished,' anymore than the books of the Bodleian Library
could be finally arranged and left so fur the admiration of future

generations. The Natural History collection of the University
r quires constant care, special curators, and consequently a con-

siderable annual expenditure, just in the same way as does its

collection of books, though the former at present does not

require so large a sum for its proper administration as does the

latter. I have therefore to report that 1 have not sufficient funds

at my disposal for carrying out the arrangement of the collections

under my care with efficiency, or with rt-asonable |iromptiiude.
"

The second part of the report shows the number of siudents

attending the laboratory and lecture rooms. The number

averages about thirty per term, and in addiiion to the ordinary
lectures, informal meetings are held in which recently pub ished

memoirs on embryological and morphological subjects me dis-

cussed. Dr. Benham, Mr. Go drich, Mr. Minchin, and Mr. E.

B. Poulton and others have assisted the Professor in these

informal classes.

The Curator of the Pitt-Rivers Museum gives a long catalogue
of additions to his department, and remarks that the various

series of musical instruments have been so far as possible com-

pleted, with labels, sketches, mnps, &c. The weaving and bark-

cloth series has been re-arrangfd, and similaily the series of

mask--, primitive boat models, and the fire-making series, which
is one of the most typical in the collection.

The Report of the Lecturer on Human Anatomy has refer-

ence principally to the construction of the new lalioratories

referred to in the Delegates' Report. The Leciurt-r in iht- course

of the summer vacation visited the medical schools of Strass-

burg, Munich, Freiburg, Vienna, Huda-Ptrst, and Brussels, in

order to observe thr most approved methods ol leachmg and
museum arrangement, and also to insfiect the recently built

anatomical institutes of these various centres of medical educa-

tion, with the view of using the informal ion so o taint d in the

fitting up of the new Laboratory.
The remaining reports do not present any points <>( special

inteiest. They includt reports from the Hopt- Professor of

Zoology, the Professor of Experimental Phiiosopliy, the Wayn-
flete Professor of Chemisiiy (who has had nineiyeiglu individual

students at work under his direction during ihe y< ar), and the

Professors of Geology, Mineralogy, Geometry, Naiuial Philo-

sophy, and of the Reader in Anthropology.
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SOCIETIES AND ACADEMIES.
London.

Royal Society, March 31.
—"The Abductor and Adductor

Fibres of the Recurrent Laryngeal Nerve." By J. S. Risien

Russell, M.B., M.R.C.P. Communicated by Prof. V. Horsley,
F. R.S. (From the Pathological Laboratory of University

College, London )

The first part of the following research consists in the separa-
tion and isolation of the different bundles of nerve fibres of

which the nerve trunk is composed, electrical excitation of each

separate bundle, and ob-ervation of the effects produced on the

vocal cords by such excitation.

Exposure of the different bundles of nerve fibres, under

exactly similar circumstances, to the drying influence of the

external air, with observation of the relative duration of vitality

possessed by the different bundles, forms the second part of the

investigation.
Other methods were next instituted to control the results of

the foregoing, and the first of these, constituting the third

part of this work, consisted in tracing by post-morlem dissec-

tions each bundle of nerve fibres separated in the nerve trunk

to its termination in the mucous membrane or in a muscle of the

larynx.
The next control method consisted in exposing the muscles of

the larynx immediately after death, and direct observation of

them during excitation of the separate bundles of nerve fibres,

this being controlled by occasional excitation of individual

muscles themselves. This forms the fourth part of the investi-

gation. The fifth or last part of the research served as a third

control method, and consisted in observations of the muscular

degenerations which followed division of one or other bundle of

nerve fibres in the nerve trunk, three weeks after such division.

The results of these experiments show clearly :
—

(i) That the abductor and adductor fibres in the recurrent

laryngeal nerve are collected into several bundles, the one dis-

tinct from the other, and each preserving an independent course

throughout the nerve trunk to its termination in the muscle or

muscles which it supplies with motor innervation, a condition of

things, the possibility of which was suggested by Dr. Semon
more than ten years ago, from the evidence of pathological facts.

(2^ That svhile in the adult animal simultaneous excitation of

all the nerve fibres in the recurrent laryngeal nerve results in

adduction of the vocal cord on the same side, abduction is the

effect produced in a young animal by amexactly similar procedure.

(3) That when the abductor and adductor fibres are exposed to

the drying influence of the air under exactly similar circumstances,
the abductors lose their power of conducting electrical impulses

very much more rapidly than the adduct irs—in other words, they
are more prone to succumb than are the adductors—a fact which
has for 1 )ng been recognized and insisted on by Dr. Seraon as

being the case in the human subject, and in support of the truth

of which that observer has adduced so many powerful arguments.

(4) That, even in he young dog, the abductor nerve fibres,

though perserving their vitality much longer than in the case of

the adult animal, nevertheless in the end succumb before the

adductor fibres.

(5) That this death commences at the point of section of the

nerve, and proceeds gradually to its peripheral termination, and
does not take place in the whole length of the nerve simul-

taneously.

(6) That it is possible to trace anatomically the abductor and
adductor fibres throughout the whole length of the recurrent

iaryngeal nerve to their termination in the one or other group of

laryns^eal muscles, and that these fibres appear to bear a fixed

relationship to each other throughout their course, the abductors

being situated on the inner side of the nerve or that next to the

trachea, while the adductors are on the outer side.

(7) That it is possible to so accurately separate these two sets

of fibres in the nerve trunk that excitation of either of them
evokes contraction of the abductor or adductor muscles, as the

case may be, without evoking any contraction whatever in the

muscle or muscles of opposite function

(8) That the bundle of nerve fibres concerned with one func-

tion may be divided without injury to that concerned with the

opposite function, and that such division is followed by atrophy
and degeneration of the muscles related to that function without

any such changes being detectable in the muscles related to the

opposite function.

Further, it is clear that the theory advanced by Mackenzie,
and which has since found favour with many, viz. that p issibly
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the reason why the abductor fibres succumb before the adductor
in affections of the nerve is because they are more superficially
and circumferential ly arranged, while the adductor fibres are

situated deep in the substance of the nerve, is shown by these

experiments to be entirely erroneous.

One point which is difficult to explain is why there should be
so marked a difference between the recurrent laryngeal nerve of

a young and that of an adult dog, as regards the respective pre-
dominance of abductor or adductor representation in the trunk
of the nerve. Possibly the reason why the abductor influence

is in the ascendency in the young dog is because the power of

phonation is still imperfectly developed, and with it both the

muscle and nerve fibres subserving this function are also imper-
fectly developed, while the function of respiration is from the

beginnintf fully developed, and with it the muscle and nerve
fibres connected with that function. That the reverse should be
the case in the adult animal may well be due to the fact that

phonation is perfectly developed, while respiration has become so

automatic that very feeble stimuli are necessary to keep it going.
"

Interference with Icterus in Occluded Ductus Choledochus."

By Vaughan Harley, M. D.

This paper is one of considerable biological-pathological
interest, as it gives an experimental explanation of the strange

discovery made by Kufferath, in 1880, that by placing a ligature
on the thoracic-duct, the jaundice-producing effects of an occlu-

sion of the common bile-duct could be instantly arrested—which
fact Kufferath did not so much as even attempt to explain ;

and
no other physiologist having either confirmed or negatived the

statement, far less offered any explanation of it, there were
two problems requiring to be solved when Dr. Vaughan Harley
entered upon the investigation :

—
(1) Does ligaturing the thoracic duct actually prevent the

jaundice which otherwise inevitably occurs after occlusion of the

common bile-duct ?

(2) If it does, how can such a remarkable phenomenon be

explained ? seeing that the chyle-transmitting thoracic duct
has no apparent physiological connection with the ductus
choledochus.

Kufferath only kept the animals he operated upon alive from
I to 2\ hours—a period of time far too short to admit of any
important morphological changes occurring, which could yield
a clue to the mystery. Hence the first thing was to try and
find a means of keeping the animals experimented upon alive

for much longer periods of time, after both ducts had been

ligatured. This was successfully done by feeding the dogs on
fat- free food, containing only small proportions of proteids. It

was found that when so fed dogs could not only be kept
alive for weeks, but even months

; and, what was stranger still,

they even gained in weight.
The non-appearance of jaundice after ligature of the bile-duct

when the chyle-duct was also tied, appeared remarkable from
the fact that it was by all believed that both bile pigments and
bile acids were always absorbed by the blood capillaries from
the bile ducts ; whereas it is now shown experimentally, in

this paper by Dr. Vaughan Harley, that the blood capillaries
have absolutely nothing whatever to do in the matter, and that,

contrary to what has been up till now imagined, the pent-up
bile is solely absorbed from the bile-ducts by lymphatics, and
carried by them into the general circulation by the circuitous

route of the thoracic duct.

Dr. Vaughan Harley has further demonstrated experimentally
that, if a sufficient length of time is allowed to elapse after

ligaturing the thoracic duct, bile pigment and bile acid again

appear in the urine just as if the thoracic duct had not been

ligatured at all, and that this arises from the fact that collateral

lymphatics shoot out from the thoracic duct at a point below
the ligature, and convey its contents into the right innominate
vein. Hence he says that the three following conclusions may be
drawn from the results obtained from his experiments :

—
(i) That bile existing in the bile-ducts can only reach the

blood through the intervention of the lymphatics.
(2) Seeing that lymphatics surround the liver blood-vessels,

one is forced to believe that bile pigment and bile acid cannot

pass through the endothelium of the blood capillaries in the

liver ; or, perhaps, even throughout the body. The fact

that bile reaches the blood when it has escaped into the peri-
toneal cavity is no argument against this view. For in that case

it reaches the blood through the lymphatics of the diaphragm.
(3) After the left thoracic duct of the dog has been ligatured

for some time, collateral lymphatics are opened up or developed
from it leading into the right innominate vein.
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Physical Society, March 25.
—Prof. S. P. Thompson, Vice-

Presiiienf, in the chair.—A note on the electromotive forces

of gold and platinum cells was read by Prof. E. F, Herroun.
Modern text-books put gold before platinum in Volta's electro-

positive series, and thus one is led to expect a greater evolution
of heat when gold combines with (say) chlorine, than when
platinum does so. This, however, is not the case, for Julius
Thomsen gives for the heat of formation of platinic chloride a
value considerably greater than that for auric chloride. Gold
shiiuld therefore be electro-negative to platinum. The few ex-

perimenters who have tested such cells, arrived at different con-

clusions, hence the author took up the subject, and examined

experimentally the E.M.F.'s of zinc-platinum and zinc-gold
cells, the metals being immersed in solutions of their chlorides

of equal molecular strength. Instead of platinic chloride a solu-

tion of sodio-platinic chloride was employed. From Thomsen's
thermo-chemical data, the KM.F. of such a zinc- platinum cell

should be i '548 volts, whilst experiment gave values between
I 70 and I '473, according to the previous history of the cell.

The average E.M.F. was about i"525. Allowing the cell to

send a current reduced the E.M.F. considerably, but it partly
recovered on standing. Renewing the sodio-platinic chloride

reproduced the high initial E.M.F. of \"j volts. This high
value, and the uncertainty of the E. M.F. after sending a current,
the author believed due to dissolved oxygen. Zinc-gold cells,

the metals being immersed in solutions of their chlorides, gave
more constant results, the maximum being I "SSS, and the mini-
mum I "834 volts, whereas from thermo-chemical data the E. M. F.
should be 2 '044. On replacing a gold plate by a platinum one,
the E.M.F. fell to [782. Other experiments showed that gold
is slightly electro-positive to platinum in water or dilute HCl,
but in aqua regia the positions are reversed. Prof. Ayrton said

the experimental E.M.F.'s were fairly close to the theoretical

values, and thought the differences might arise from occlusion of

gases, which, although not taUen into account in the thermo-
chemical experiments, might have considerable effect on the

electrical values. Platinum, especially, had remarkable oc-

cluding properties. Mr. Enright* pointed out that, if any gases
were disengaged by the reactions in the cells, their thermal
values must be allowed for. The Chairman (Dr. Thompson)
believed that some discrepancy between the calculated and ob-

served values of the E.M.F.'s might be due to the calculations

only being carried to the first degree of approximation. The
complete expression contained, amongst others, a term depend-
ing on the temperature coefficient of the cell. On the subject of

variation of the s-ign of E.M.F. with the strength of solutions,
he said he had observed similar effects with' cyanide solution.

Dr. Herroun, in reply, said care was taken to expel as

much of the occluded gas as possible before using the

plates, and no gases were formed in the reactions. To
Dr. Thompson he pointed out that Clark's cell had an E.M.F.
greater than that calculated from thermo-chemical data, hence
the t»-mperature coefficient ought to be positive, but, as a matter
of fact, it is negative. The discrepancy between the calculated

E.M.F. and the observed he believed due to inaccurate deter-

minations of the thermo-chemical constants of mercury salts.—
A new instrument for showing the effects of persistence of
vision was exhibited and described by Mr. E. Stuart Bruce.
The instrument, which the author calls an "

aerial graphoscope,"
consists of a narrow wooden lath mounted on a whirling machine,
so as to be rotated rapidly in its own plane. The lath is tinted

gray in the centre, and shades off to white at the ends. When
rotated rapidly, it presents the appearance of a nearly uniform
screen or disk, owing to persistence of impression. Ordinary
lantern-slides were projected on this aerial screen with remark-
able effect, for the pictures appeared suspended in mid-air. The
author explained that the object of darkening the lath near the

middle was to give a more uniform illumination to the picture
or disk. On covering up the centre portion of the lath with
white paper, the middle of a picture projected on it was much
more strongly illuminated than the edi;es. Mr. Blakesley
pointed out that the effect produced by darkening the centre of

the lath might be attained by painting white sectors on a black
lath.—A paper on some electrical instruments was read by
Mr. R. W. Paul, and the apparatus exhibited. He first de-

scribed a new form of standard ohm, the distinguishing feature

of which is that the wire is wound in one flat spiral, and con-
tained between two thin brass plates. The whole of the wire
is thus practically at the same level in the water-hath, and
therefore will be more likely to be at unif >rm temperature
throughout than coils having considerable vertical depth, A
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thermometer passing down the central tube has its bulb on the
same level as the wire ;

and another thermometer, placed in the
water-bath at the same level, serves to check the uniformity of

temperature. In order that the width of the coil may not pre-
vent convection currents in the bath, the screws which fix the

two brass plates together have large holes through them. Dr.

Fleming's suggestion of forming the upper ebonite insulator

into an oil cup has also been carried out. A new form of

Wheatstone f)ridge was next shown, possessing all the advant-

ages of the dial pattern combined with great facilities for clean-

ing. There are four resistances in each proportional arm, and
the adjustable arm has four sets of coils—units, tens, hundreds,
and thousands—each set consisting of ten equal coils. The
ends of each coil are connected to bra^s sockets, fixed, about an
inch apart, on the ebonite top. Successive coils are put in

circuit by placing a plug attached to a (lexible cord in the re-

quired socket. .Special contact-bars are provided, whereby two
or more coils of any set of ten may be put in parallel arc,
so as to get accurate resistances of large carrying capacity.
These bar.^ are also useful for obtaining high ratios between two
resistances, a point of considerable importance in the testing of

large resistances. Amongst the advantages claimed are : better

insulation, avoidance of surface leakage by providing ample
facilities for cleaning, small block error which is constant and

easily measured, and no loose plugs required. Each set of ten

coils may be used as separate circuits. By means of two tra-

velling terminals the box may also be used as a potentiometer
reading to i part in fO,ooo. A reflecting galvanometer with

several improvements was then exhibited and described. The
coil is supported on an ebonite pillar fixed to a tripod, below
the centre of which controlling magnets on the Siemens

principle are pivoted. The pillar gives good insulation from

earth, and the adjust inent of the control can be made without

setting the needle in vibration. The two halves of the coil are

wound according to Sir W. Thomson's law, and fixed in

ebonite boxes turned to fit them. They are thus kept perman-
ently in shape. The ebonite boxes are interchangeable, so that

either high- or low-resistance coils can be used m the same
stand. The coils have separate terminals, and can therefore be

used in series or parallel or differentially. The mirror is placed
in a metal box below the coils. When intended for an astatic

instrument, magnets are put behind the mirror, and the metal

box serves to damp the vibrations. For ballistic work the mirror

has no magnets on it, and the damping may be regulated by
sliding in or out a plug which carries the window of the mirror

box. Mr, Swinburne inquired whether the plan of using two
vertical magnets to form an astatic system had been tried, and
with what result. He also asked if dial bridges made with

switches instead of plugs would not be advantagt-ous. Dr.

Sumpner said vertical needles had been used at the Central Insti-

tution, and found satisfactory. Mr. A. P. Trotter wished to

know whether there was any very great advantage in designing

galvanometers with a minimum amount of wire. A galvano-
meter was often required for many different purposes, and it did

not follow that one with a minimum amount of wire was the

best all-round instrument. Mr. C, W. S, Crawley made in-

quiries as to the magnitude of the block error in the form of

Wheatstone bridge shown, for he thought the flexible cords

would make it considerable. In reply to Mr. Swinburne, he
said he had tound the variations in switch bridges greater than

in plugs. Prof. S. P. Thompson thought it was not generally
known that the best .shape of galvanometer coil depended on
whether the instrument was to be used as an ammeter or

voltmeter. The shape determined by Sir W. Thomson was
a voltmeter coil ; that for an ammeter was much shorter

axially. Mr. Paul, in reply, said he used one or other shape of

coil according to the use for which the galvanometer was
intended. The block error in the Wheatstone bridge was very

small, and quite negligible for most purposes. When very great

accuracy was required, the error, being constant, was easily
measured and allowed for.

Royal Microscopical Society, March 16.—Dr. R. Braith-

waite. President, in the chair.—Mr. G. C, Karop exhibited and
described Messrs. Swift's new fine adjustment to the suhstage,
Mr. Karop stated that in this suhstage one complete revolution

was equivalent to a vertical movement of the xl^'h of an inch.
—Mr. E. M. Nelson gave a rhumi of the contents of two

papers, the first of which was entitled "Virtual Images and
Initial Magnifymg Power," and the other "On Penetration in

the Microscope."
—Dr. W. H, Dallinger said that an important
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communication had been received from Prof. Czapski,
" On the

Calculable Limit of Microscopic Vision." Its purpose was to show

why it was that great numerical aperture was of such high value

in the determination of minute structure, and to inquire whether—
seeing that a numerical aperture of i "60 was so utterly un-

available in the case of living objects, or of such as did not

admit of being put into media of sufficiently high refractive

index—-there was any method of making these high numerical

apertures available for such objects ? The author had inquired
into the value of monochromatic light for such a purpose, and the

latter part of his paper was to show that by using the blue rays
of such light with large apertures it was possible to increase the

aperture so as to obtain the relatively great advantage which
would result from a difference between i "40 and 175. Mr. F.

Crisp thought it should be pointed out that the broad fact dealt

with in this paper was one which had long ago been explained.
Dr. Dallinger said he had himself worked it out some time

ago, obtaining as a result the difference between i '40 and 1 70
which came remarkably near to that mentioned in the paper.
Mr. Crisp said that the aperture table which was printed with

every number of the Journal gave them the difference in resolv-

ing power between white light and monochromatic blue light
with objectives of various apertures.

— Prof. F. Jeffrey Bell gave
an outline of the contents of a paper by Mr. H. L. Brevoort,
entitled

" Observations on the Brownian Movement," and

pointed out that, whilst the general conclusion arrived at by the

author was that light had some influence in the matter, he did

not seem to have taken any precautions as to temperature, an
element which was usually considered to be an active agent in

this phenomenon.—A letter from the Hon. J. G. P. Vereker was

read, replying to some points raised during the recent discussion

of his paper
" On the Resolution of Podura Scales."—Dr. A.

C. Mercer read a paper on photomicrography as illustrated by
a collection of seventy-three lantern-slides. Among the slides

exhibited was a group which threw light on the vexed question
of Podura scale structure. The author showed conclusively that

the so-called featherlets on Podura scales are only inflations of

the membrane. A number of slides also proved the value of

the micpi'scope as a means of detection in cases of forgery, or

when alterations were alleged to have been made in promissory
notes, the evidence afforded in one important case being very

clearly demonstrated. A further group of slides was devoted to

the illustration of the apparatus used in photomicrography.
The President, in proposing a vote of thanks to Dr. Mercer, said

he regarded the exhibition as the finest examples of what could

be done by means of photomicrography.

Entomological Society, March 23.— Dr. D. Sharp, F.R. S.,

Vice-President, in the chair.—The Secretary read a letter from
the City of London Entomological and Natural History Society
on the subject of a proposed Catalogue of the Fauna of the

London District.—Mr. G. C. Champion exhibited a number of

new species of Longicornia from Mexico and Central America,

recently described by the late Mr. H. W. Bates, in his paper
entitled

" Additions to the Longicornia of Mexico and Central

America, with remarks on some previously recorded Species,"
read at the last meeting of the Society.

—Mr. S. Stevens ex-

hibited three very rare species of Noctuce, viz. Noctua Jlam-
viatra, Leiicania vitellina, and Laphygnia exigua, all taken by
Mr. H. Rogers at Freshwater, Isle of Wight, in the autumn of

1891.
—Mr. F. C. Adams again exhibited the specimen of 7!?/^-

fhorus rusticuSf in which the left mesothoracic leg consisted of

three distinct femora, tibiae, and tarsi, originating from a single

coxa, which he had shown at the meeting on the 24th of Feb-

ruary last. The specimen was now reversed, to admit of the

better examination of the structural peculiarities of the leg,

upon which Dr. Sharp, Mr. Champion, and Mr. Jacoby made
some remarks.—Mr. Osbert Salvin, F. R.S., exhibited a series

of mounted specimens of the clasping organs in the male of

several species of Hesperida.— Dr. Sharp exhibited, for Mr.
F. D. Godman, F. R.S., a collection of Orthoptera recently
made in the Island of St. Vincent, West Indies, by Mr. H. H.

Smith, the naturalist sent fto that island by Mr. Godman in

connection with the operations of the Committee appointed by
the British Association and the Royal Society for the investi-

gation of the Fauna and Flora of the Lesser Antilles. It was
stated that the collection had recently been referred to, and

reported on by, Herr C. Brunner von Wattenwyl and Prof.

J. Redtenbacher.— Mr. J. W. Tutt exhibited and remarked on
a series of various forms of Orrhodia vaccinii and O. {spadicea)

ligula.
—Mr. C. G. Barrett exhibited and made remarks on a
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series of specimens-^including some remarkable varieties—of

Bombyx qiiercus and Odonestis potatoria. A long discussion

ensued as to the probable causes of the variation exemplified,
in which Mr. Tutt, Mr. E. B. Poulton, F.R.S., Mr. H. Goss,
Mr. Jacoby, Mr. Salvin, F.R.S., Mr. Bethune- Baker, Dr. Sharp,
and Mr. Distant took part.

—Mr. G. A. J. Rothney sent for exhi-

bition a number of specimens of Camponotus compressus, C.

micans, CEcophila smaragdina, Sima rufo-nigra, Solenopsis gemi-
nata var. armata, and other species of Ants, from Calcutta.

He also communicated a short paper on the subject, entitled

"Notes on certain species of Calcutta Ants and their habits

of life_"

Paris.

Academy of Sciences, April 4.
—M. d'Abbadie in the

chair.—Notice of the works of the late M. de Caligny, by M. J.

Boussinesq.
—On certain systems of equations with partial differ-

entials, by M. Emile Picard.—Delivery from circular orifices,

and reappearance between their different superficial elements,

by M. J. Boussinesq.
—On the native iron of Cailon Diablo,

Arizona, by M. Mallard. The author has examined some speci-

mens of native iron found in Arizona, the origin of which is

doubtful. The iron contains only 3 percent, of nickel, and when

polished shows cavities filled with a black substance supposed to

be iron carbide. In this comparatively soft substance a diamond,

o'5 mm. in diameter, was found by Prof. Koenig in 1890. The
iron appears to be of meteoric origin, judging from its appear-
ance. Mr. Foote has pointed out that the existence of a singular

elevation, called Crater Mountain, near the place where large

fragments of the material were found, may have something to do
with their occurrence, but he has been unable to find any volcanic

rocks in the neighbourhood. So the question of origin remains

sub judicc, and a critical examination of the region will have to

be made before it can be settled.—On the spark spectra of gal-

lium, by M. Lecoq de Boisbaudran. The spectrum given when

sparks from a large inductbn coil play upon the surface of gallium
chloride consists of two characteristic violet lines, and a wide,
nebulous band in the gretn. If the same coil is used with a

condenser and metallic ga'lium, a much more complex spectrum
is obtained, and one from which the band in the green (wave-

length = 502 "33) is absent. The two lines in the violet (wave-

lengths 4I7'04 and 403*19) are bright under both conditions of

sparking. Substituting a small coil for the large one, M. Lecoq
de Boisbaudran found thit, besides the two violet lines, two

others, at the approximate wave-lengths 641 '24 and 639*23,
were seen when no conderser was employed. On introducing
the condenser, the latter line suffers a considerable diminution

in intensity. Another line occurs at A 632*67, and a nebulous

line about A 535 '5 r. The wave-lengths and characters of all

the lines observed under tie three conditions are slated in detail,

—On a method for the determination of the mechanical ele-

ments of helical propelleis, by M. S. Drzewiecki.—Observa-

tions of Swift's comet \a 1892), made at the Paris Observatory
with the West Tower equatorial, by M. G. Bigourdan. Obser-

vations for position weie made on March 29, 30, 31, and April

I, 2, 3, 4.
—The two asteroids discovered respectively by Wolf

on March 28, and Charlois on April i, were observed

for position by Mdll;. Klumpke, at the Paris Observa-

tory, on March 31 and April i and 2.—Observations of

Swift's comet (1892, Marci 6), made at Lyons Observatory,

by M. G. Le Cadet. Position observations were made on
March 31 and April i.—On the indices of refraction of saline

solutions, by M. Paul Bary.
—New unipolar conductivity of

gases, by M. Edouard Branly.
—On the attraction between

two disks separated by adielectric, by M, Julien Lefevre. The
author has measured the attraction between two electrified disks

separated by a dielectric not in intimate contact with them, and
finds it to be represented by the following formula :

—
F ^ /£_

+

k

where F' equals the attraction stress between the plates at the

distance ^ 4- ^ in air ; F the attraction at the same distance

when a lamina whose dielectric constant is k, thickness e, and

having parallel faces, is placed between the plates ; e' therefore

represents the sum of the thickness of air between the lamina
and the electrified disks.—On the production, in the dry way,
of some anhydrous crystallized sulphates, by M. P. Klobb.

(See Notes.) — On a nitroketone derived from campho-
sulphophenol, by M. P. Cazeneuve.—On the composition
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of pinnaglobine, a new globulin, by M. A. B. Griffiths.—
On the existence of parallel series in the biological cycle of

Pemphigiens, by M. Horvath.—The history of the GarctJiia of

the sub-group Rheediopsis, by M. J. Vesque.
— Researches on the

variations in the transpiration of flowers during their develop-
ment, by M. G. Curtel.—O i some diseases of mushrooms, by
M. Julien Costantin.—On the role, distribution, and direction

of ocean currents in France during the Upper Cretaceous

period, by M. Munier-Chalmas.—The tubercular vaccination of

the dog, by MM. J. Hericourt and Ch. Richet. The authors'

experiments indicate that, by the inoculation, of tuberculosis

aviaire, dogs can be vaccinated against human tuberculosis.—
On a new pathogenic diplobacteria obtained from the blood and

urine of influenza patients, by MM. Teissier, Roux, and Fittion.

—Measures of the variations in the lengths of the Dauphiny
glaciers, by Prince Roland Bonaparte. Of the sixteen glaciers

whose movements were studied in 1890, six were found to be

advancing, eight retreating, and two stationary. In 1891 the

results obtained indicated that six glaciers were advancing,
five retreating, and five stationary. The amounts of movement
measured are given in the paper.

Berlin.

Physiological Society, March 4.
—Prof. Munk, President,

in the chair.—Prof. Zuntz spoke on Dr. Werigo's experiments

respecting the influence of oxygen on the elimination of carbon

dioxide by the lungs. When an animal breathed pure oxygen
into one lung and simultaneously pure hydrogen into the other,

Werigo found more carbon dioxide in the alveolar air of the

oxygen-lung than in that of the hydrogen-lung, and hence con-

cluded that oxygen furthers the escape of this gas. Prof. Zuntz,

however, pointed out that the diffusion of carbon dioxide from

the alveolar air into the contents of the cannulae used for the

introduction of the gases must be greater on the side supplied
with hydrogen than on the other, ard that hence less carbon

dioxide must naturally be found in the alveolar air of the former

than of the latter. The really important question whether the

absorption of oxygen leads to an increased elimination of carbon

dioxide has therefore not yet been arBwered. Werigo's experi-
ments should be repeated, using oxygen and nitrogen.

Meteorological Society, MarchS.—Prof Schwalbe, Presi-

dent, in the chair.—Dr. Lachmann gave an account of a research

on the extremes of temperature in Europe. He first assured

himself of the trustworthiness of the readings of his maximum
and minimum thermometers. He then determined for stations

which afford prolonged series of dati how many years must lie

taken into account in order to arrive it a trustworthy mean, and
found that in the case, eg., of Brussels, ten years suffice for

the determination of its maximum temperature, whereas .some

forty years must be taken into account when determining its

minimum temperature. After comparing the extremes of

temperature with the periodic obstrvations, he discussed the

maximal and minimal temperatures met with in Europe, and

gave an account of their geographical distribution. When those

places with equal maxima are joined by Knes, curves are obtained
which on the whole resemble the July isothermals, and are the

same as the latter if 12° be added to them. The curves of

equal mean minimal temperatures correspond to the isothermals
fir January after subtracting io°-ii'.^—Dr. Knorre read a letter

containing an account of a thunderstcrm on January 31, near

Jiiterbock, accompanied by hail and light phenomena, which
must undoubtedly be regarded as aca?eot St. Elmo's fire.—Prof.

Sporer exhibited photographs of thi recent large sun-spot
group which he observed between February 9 and 16. and
which were most probably connected with the magnetic storm
of the 13th and 14th of that month.

Physical Society, March 11.—Prcf. Kundt, President, in the
chair.— Dr. Stapff spoke on the increase in density of the
interior of the earth, and deduced a mathematical formula for

its determination.—Dr. Arons described experiments on the
electrical polarization at the two sides of a metallic plate
immersed in an electrolyte at right angles to the currrent.

A platinum plate 01 mm. thick gave not only an evolution of gas
but an increase of resistance, results which were entirely absent
when a gold-beater's film was employed, as also with a film of
silver. Pores in the metallic films were not the cause of the
absence of polarization, since it appeared even when a small hole
was bored in the above-mentioned platinum plate. When four

gold-beater's films were superposed, they led to a sli<£ht increase
of resistance and feeble polarization.

—Dr. Rubens stated that

he had extended his observations on the dispersion of the ultra-
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red rays from w.l. 57 /x to w.l. 8 ju. He found that the

curves for the index of refraction do not correspond with

Langley's surmises. As far as w.l. 5*3 /i the curves of the two
observers coincide, but the rectilinear course which the curve
assumes at w.l. 5 "0/1 is not persistent with light of greater

wave-length ;
it tends to rise slightly from the line of abscissae.

Hence Langley's interpolations for very long waves are

inaccurate.

Amsterdam.

Royal Academy of Sciences, February 27.
—Prof van

de Sande Bakhuyzen in the chair.—Dr. Moll communicated
some results he had obtained on the karyokinesis of Spirogyra.

By embedding the threads in collodion and paraffin, and cutting
them into series of sections with the microtome, lie has observed
a special organization in nucleolus and karyoplasma, leading to

the formati<m of the chromatic segments ; he has been able to

establish with certainty the existence of the phenomenon of

heteropoly in Spirogyra ; and lastly, he has seen that Tangl's
and Strasburger's Verbindungschlauch between the daughter-
nuclei appears at an earlier stage in the form of some vacuoles,
of which a single one finally prevails.

—Mr. van der Waals
treated of the phenomenon of incomplete mixture of two liquids,
in those cases in which the mixture is complete at a higher

temperature, and gave a formula founded on his "theory of a

mixture of two substances," by which the volumes of a given

weight of dissolved matter may be calculated in the same way
as the volumes of liquid and vapour of a single substance.—Mr.
van Bemmelen treated of the difference of colloid oxides and

crystalline hydrates, especially in reference to the oxide of iron.

He demonstrated that only Brunck and Graebe have observed
the crystalline hydrate of a definite composition. The substance

prepared by Rousseau is not a crystalline hydrate, but ferrite of

potassium, transformed by the action of water into amorphous
hydratic oxide (of indefinite composition), and only pseudo-crys-
talline, as it has preserved externally the crystalline form of the

ferrite.—Mr. Franchimont showed a sample of ethylaldoxime
(acetaldoxime), a beautiful crystallized body, melting at 48° C.

The ethylaldoxime, discovered in 1882 by V. Meyer, was de-

scribed by him and by Petraezek as a fluid, boiling at 1 14°-! 15°
C. The crystallized ethylaldoxime has the same boiling-point,
and may be a stereo-isomery.
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THE YAHGAN.
Mission Scientifique de Cap Horn. Tome VII. "Anthro-

pologic, Ethnographic." Par P. Hyades et J. Denikcr.

(Paris: Gauthier-Villars ct Fils, 1891.)

THIS
volume contains the record of an important part

of the work done by a French scientific Expedition
which spent a year at Tierra del Fuego. The Expedi-
tion was organized in June 1882 by a Commission

appointed by the Academy of Sciences
;
and in Nov-

-ember 1883, after its return to France, it presented to the

Academy its preliminary reports. Since the latter date,

its results have been embodied in a series of volumes,

prepared under the control of the Commission, and pub-
lished under the auspices of the Ministries of Marine and

Public Instruction. The first volume contains a history

of the voyage, by the late L. F. Martial, the Commander
of the Romanche, in which the Expedition sailed. The
second volume, by L. Lephay, is devoted to meteorology ;

the third, by F. O. Le Cannellier, to terrestrial magnetism ;

the fourth, by P. Hyades, to geology ;
the fifth, by Hariot,

Petit, Bescherelle, Massalongo, and Franchet, to botany.
It was originally intended that zoology should also be

<lealt with in a single volume ;
but the material obtained

by the Expedition was so rich and of so much scientific

importance that three volumes were found to be neces-

:.ary. The present volume, nominally the seventh, is

really the ninth, and completes the series. Although Dr.

Deniker is associated with Dr. Hyades as one of the

authors of this work, he did not accompany the Expedi-
tion. He has rendered, however, important service in

the working-up of the anthropological and ethnographical
data brought back from Cape Horn.

The book is one in which serious students of anthropo-

logy will find much to interest them. It offers a great
mass of original observations, made, as Dr. Hyades
explains, without any preconceived idea ; and they are

not only arranged methodically, but set forth in a style of

admirable simplicity and clearness. The volume is also

enriched with numerous plates, some of which are finely-

executed heliogravures.
The Fuegians are divided into three groups—the Ona,

the Alakalouf, and the Yahgan. The Ona inhabit the

great island of Tierra del Fuego from the southern coast

of the Strait of Magellan to near the northern shore of

Beagle Channel. They are probably a branch of the

Patagonians, and the Expedition had no opportunity of

seeing any of them. The islands and a part of the main-
land to the west of the Ona are inhabited by the Alakalouf,
to the south of whom are the Yahgan. These two peoples

speak different languages, but seem to have essentially
the same racial characteristics. It was among the

Yahgan that Dr. Hyades carried on his studies, and to

them the volume almost wholly relates.

The Expedition brought back the body of a Yahgan
who died while the Romanche was at Orange Bay, and
who during his lifetime had been subjected to various

careful measurements. They also brought the skeleton

of a woman and the skeletons of five children
;

three

skulls (two of men, one of a woman) ;
two incomplete

skeletons, and various detached bones. These remains
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are made the subject of a thorough anatomical study
which is the more valuable because the results at which

tlie authors have arrived are compared with those reached

by previous investigators. There is also an elaborate

chapter on morphological characters, setting forth various

classes of facts noted in the course of accurate observa-

tion of the physical qualities of living persons. The

Yahgan are mesocephalic, the men having a tendency to

be dolichocephalic, the women to be brachycephalic.
Most of the South American aborigines are decidedly

brachycephalic ;
but here and there tribes are found

whose skulls resemble those of the Yahgan. This is

especially true of the Botocudos, who are also like the

Yahgan in being rather below the average height of other

natives, and in the form of the face, the nose, and the

mouth. Various ancient skulls which have been found at

Lagoa Santa in Brazil, at Pontimelo in the Argentine

Republic, and elsewhere, have the same general struc-

ture as those of the Botocudos and the Yahgan. The
authors therefore conclude that these and some other

tribes are more or less pure remnants of a race which at

one time occupied the greater part of South America,
and were displaced by brachycephalic peoples, with

whom the survivors to some extent mingled. Of these

brachycephalic peoples, the Patagonians alone are very

tall, the rest being of moderate height. All, however,,

whether tall or short, are of a different physical type from-

the Yahgan.
The Yahgan live chiefly on fish and mollusks. They

also eat any kind of bird they can catch, and are fond of

the flesh of the whale, the seal, and the otter. When
pressed with hunger, they will eat the fox, but never dogs
or rats, the latter being held in abhorrence. Fishing is

left entirely to the women, while the men hunt. They have

splendid powers of digestion, and assimilate their food so

readily that they sometimes become fat in the course of a

single day. Their huts are made of branches or of the

trunks of trees, the interstices being imperfectly filled up
with moss or bark, with fragments of canoes or with

sealskin. These slight dwellings are put together in a

few hours, and as they admit the wind freely, the air in

them is generally fresh. In the centre is a fire, around

which the inmates sleep at night, and at other times,

when they have nothing else to do, sit talking and laugh-

ing. The Yahgan lose early the attributes of youth, but

often retain their vigour to a great age. They are very

courageous, and enjoy games which test their physical

strength-

Among the women intimate friendships are not un-

common, but men generally form attachments to one

another only if they have been brought up together.

Children are tenderly cared for by their parents, who in

return are treated by them with affection and deference.

Some men have two or more wives, but monogamy is the

rule. The girls do not choose their own husbands ; they
must take those whom their parents provide for them.

Before marriage they are allowed great liberty, but when

they become wives they have less freedom, the husbands

being extremely jealous, and being supported by public

opinion in punishing severely any departure from con-

jugal duty. This account differs from that of some other

observers, but Dr. Hyades is confident that his statements

on the subject are strictly accurate. Both girls and mar-

C C
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ried women are remarkable for the modesty of their

demeanour, and expect to be treated respectfully.

When the Yahgan approach a strange vessel in their

canoes, they might be taken for abject beggars ;
but on

shore visitors obtain a different impression. There the

natives display perfect independence, and they readily
take offence at anything which they interpret as a slight.

They are far from having a community of goods, every
man claiming as his own that which he himself has found

or made ; but they are of a generous disposition, and
like to share their pleasures with others. That they have
a sense of right and wrong Dr. Hyades does not doubt,
but their moral distinctions are not always very sharply
drawn. They are accomplished liars, and the only dis-

advantage of a lie seems to them to be that the truth is

sometimes apt to be found out. A man convicted of theft,

however, will show that he is ashamed of his deed
;
and

murder is punished with death. The Yahgan have often

been accused of cannibalism, but Dr. Hyades agrees with

Mr. Bridges, who knows them thoroughly, in regarding
this charge as utterly without foundation.

They can occupy themselves continuously for a con-

siderable time with any employment to which they are

accustomed, such as the making of a harpoon ;
but it is

hard for them to devote attention to anything with which

they are not familiar. When questioned on any subject,

they soon become confused, and give answers at random.

They do not divide time or count beyond three, and have

remarkably short memories. But they are good observers

of the signs of the weather, of plants, and of animals
;
and

they have an extraordinary power of mimicking attitudes,

gestures, and cries, although they have no such faculty of

imitation as leads to the production of new instruments,

utensils, or other useful objects. They are wholly unable
to make anything, however simple, after a given model.

They often have dreams, but do not generally appear to

attach to them any significance. They have neither

poetry, nor history, nor traditions ; and Dr. Hyades
asserts that the members of the Expedition never saw

among them the faintest trace of religious ideas or sen-

timents. Those of them who are directly under the

influence of English missionaries have learned to live

regular lives, but have lost many aptitudes possessed by
the savage Yahgan ;

and they easily fall victims to

various forms of disease which have been imported
with civilization.

The language of the Yahgan is dealt with in a long
and most instructive chapter ; and interesting details are

given as to the occupations of the people, their domestic

customs, and many other subjects. Of the plates, to

which we have already referred, we need only say that

they alone would have sufficed to make the work an
invaluable contribution to ethnographical and anthropo-
logical science.

QUANTITATIVE ANALYSIS.
Quantitative Chemical Analysis. By Frank Clowes

D.Sc. Lond., and J. Bernard Coleman, Pp. 309.

(London : J. and A. Churchill, 1891.)

THIS
book embodies the material usually included in

a complete ^course of elementary instruction in

Quantitative analysis. It is divided into five parts.
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Part I. treats of the balance, the determination of phy-
sical constants, the purification of substances, and pre-

liminary analytical processes generally. The more im-

portant simple gravimetric estimations are grouped in

Part II.
; and are followed, in Part III., by descriptions of

the methods and the more common determinations com-

prised under volumetric analysis. In Part IV. are classed

more complex exercises, involving both gravimetric and
volumetric processes. Here are to be found analyses of

ores, technical products, fuel, articles of food and drink,

including complete analyses of milk, butter, sugar, and

partial analyses of wine, beer, and tea. The valuations
of tannins and soaps are next given, and the part con-
cludes with a section on the typical methods of organic
analysis. Part V. is devoted to a description of the

ordinary methods of technical gas analysis.
The above brief summary of contents will show that

the aim of the volume is eminently practical ; and with

regard to the purely chemical sections little but praise
can be expressed, both at the general and detailed treat-

ment of the subject. All the more important estimations

have been included, and the practical points to be
observed in accurate work are clearly stated. A
noteworthy feature, and one especially helpful to the

student, is the brief statement of the principle of each

estimation, in a sentence or two, before the detailed

process is described. The accounts of food and gas
analysis are both useful and interesting, and are seldom
met with in manuals of this kind.

There can be no doubt but the book will be a service-

able guide to the student, and aid to the teacher.

One or two minor points, however, seem worthy of
criticism. It is stated in the preface that, in order to

economize space, "unnecessary theoretical matter" has
been omitted, and apparently this idea has been carried

too far. For example, it is but just to tell the student

why, in estimating sulphur as barium sulphate, nitric

acid is first expelled. Knowledge of a similar kind, more

especially in the physical portions of the book, is occa-

sionally left out, and descriptions are thus rendered more
or less empirical.

If it is considered necessary to give methods for deter-

mining specific gravities, boiling-points, &c., in a work
of this kind, the accounts should be modern, and the accu-

racy aimed at should be comparable with that attained

in the chemical sections. Absolute specific gravity
—or

shortly, specific gravity—as used in the book, with no

temperatures of comparison attached, is now generally
taken to be the weight of unit volume

; such a definition

is not hinted at, and none of the methods given serve

to obtain the absolute specific gravity. The time-

honoured but obsolete pyknometer, closed by a per-
forated stopper, still finds a place, and the original

Sprengel pyknometer is figured, although it might
well be replaced by Perkin's more generally useful

modification.

With regard to the estimations of boiling-point, it

should have been clearly stated that to take the baro-

metric pressure was a necessary part of any trustworthy
determination. In correcting for the exposed column of

the thermometer, one of the more recent coefficients

might have been given in place of the oldest and least

satisfactory. What is supposed to be the mean tern-
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perature of the cooled column is erroneously stated to

be the temperature of the air, A little more detail, es-

pecially in connection with the suspension of the tube in

Chapman Jones's boiling-point apparatus, would have

been advisable.

Bunsen's method of calibrating a eudiometer is given,

but none of the methods for utilizing the results to obtain

the volume at any point is mentioned.

The indiscriminate use of both English and French

units throughout the book does not seem to have any

advantage ; indeed, to give the dimensions of a tube as
"

I millimetre in bore, ... 8 inches in length," may be

practical enough, but it is hardly scientific.

The meaning of expressions such as "water . . .

drawn back ... by the partial vacuum,"
"
liquid

"
of

a given
"
gravity,"

" ammonia condensed in hydrochloric

acid,"
"
the tension of aqueous vapour," might be con-

veyed in language free from objection.

The book is almost free from typographical errors ;

only two were noticed. On p. 227, cadmium sulphate

is printed for cadmium sulphide, and the letter {a)

should be replaced by {b) at the foot of p. 349.

The table of contents, referring to page and para-

graph, and the index are particularly complete. A useful

appendix giving results of typical analysis, constants

for calculating results, &c., is added, and a list of works

of reference is given in the introductions to the diflferent

parts. The relative importance of different estimations is

indicated by difference in the type, and cross-references

are frequently introduced. These points alone go a long

way to indicate the pains taken by the authors to meet

the wants of the student. J. W. R.

ASTRONOMY.

Elementary Mathematical Astronomy. By C. W. C.

Barlow and G. H. Bryan.
"
University Correspondence

College Tutorial Series." (London : W. B. Clive and

Co., 1892)

THE
task of writing a book on astronomy which shall

enable a beginner to grasp all the fundamental

principles and methods without entering into elaborate

details of mathematics is by no means a light one. What
the authors have done, and we may say very successfully

too, has been to strike a mean between the numerous non-

mathematical works and those which involve high mathe-

matics, using just enough to enable the reader, if he

wishes, to proceed to the more advanced treatises.

To simplify matters further, all investigations which

require a knowledge of the elements of dynamics have

been collated together at the end under the title of

dynamical astronomy, thus separating them from those

of descriptive astronomy, which only needs elementary

geometry, trigonometry, and algebra. Some of the chief

properties of the ellipse which are of astronomical im-

portance are contained in the appendix, while for the

properties of the sphere an introductory chapter has been

inserted.

This summary will give an idea of the range over

which the student will have to extend his mathematical

abilities, and after all it is by no means an extensive one,

considering the ground which this work covers.
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In the chapter on the Observatory a very good account

is given of the transit circle and its accompanying errors
;

but of course, without spherical trigonometry, many points

of great importance with regard to the reduction of ob-

servations have had to be omitted. The chapters on the

earth, sun's apparent motion and time, all contain lucid

and concise explanations, which are well illustrated by

figures showing the great circles involved. Many in-

teresting problems are worked out in the chapters on the

moon and eclipses, while that on the planets contains a

good account of the stationary points in their apparent
motion.

" The Distances of the Sun and Stars
"

is the title of the

chapter that concludes the non-dynamical section, and in

it the interesting problems on finding the parallax of the

sun are discussed, together with the various results that

ensue from the aberration of light.

Coming now to the second part of the book, the rota-

tion of the earth and the resulting consequences are first

dealt with, in which the proofs of the former are clearly

described ;
while many problems relating to pendulum

oscillations, variation of gravity at different places, &c.,

are fully expounded. The following two and concluding

chapters are devoted wholly to the laws of universal

gravitation, and to the multiple applications to which

they are subjected. These chapters are perhaps the

best in the volume, and contain, of course, some most

important problems, such as the determination of the

density of the earth, precession, tides, &c.

The examples and examination-papers, which are by
no means few in number, will be found to be both ori-

ginal and well selected ; and this is really important, for

a sound knowledge of this subject can be obtained only

by the continual practice of working them out.

In conclusion, we may state that altogether the work
is one that is sure to find favour with students of astro-

nomy, and will be found useful to those for whom it is

especially intended. This is by no means the first

volume that we have received which is published in this

Tutorial Series, and the present work is a good example
of the excellent text-books of which it is composed.

OUR BOOK SHELF.
Practical Fruit Culture. By J. Cheal, F.R.H.S.,
Member of Fruit Committee, Royal Horticultural

Society, &c. Illustrated. (London : George Bell and

Sons, 1892.)

Within the last few years farmers and others have
often been advised to take to the cultivation of fruit, and
there can be little doubt that much of the profit con-
nected with fruit-growing

—now absorbed by foreign
traders—might, under certain conditions, be kept in the

hands of our own people. The most important of these
conditions is that persons who think of devoting attention

to fruit culture shall obtain sound information about the
work they propose to undertake, and that at all the later

stages of their enterprise they shall act under the guidance
of trustworthy authorities. In the present little volume,
which forms one of Bell's "Agricultural Series," Mr, Cheal
has brought together, and carefully arranged, a great

many facts which cannot fail to be of service to intelligent

fruit-growers. He begins with a chapter on the general

prospects of culture for profit. Then come chapters on
the selection of soil and situation, the preparation of the
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ground, what to plant, planting, pruning, cost and returns

per acre, the renovating of old orchards, gathering, pack-
ing and distributing, storing and preserving, grafting,

budding, and stocks. These chapters form the first part
of the book. The second part consists of counsels on
various subjects to private growers, and in the third the
author deals with insect pests and disease. The work
is essentially practical, and will tend to stimulate the

development of what ought to become a more and more
important British industry.

Blowpipe Analysis. By J. Landauer. Authorized English
Edition. By James Taylor. Second Edition. (London :

Macmillan and Co., 1892.)

Dr. Landauer's work presents so much sound know-
ledge in so compact a form that the fact of the English
version of it having reached a second edition is in no way
surprising. The text, we are informed in the preface, has
been completely revised, and new methods of approved
value have been incorporated. The author and the
translator call especial attention to the fact that some
additional details of manipulation will be found of value

by readers who are working up the subject without a
teacher.

LETTERS TO THE EDITOR.

[ The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Nature,
No notice is taken of anonymous communications.']

Prehistory of Egypt,

The evidences of denudation are so striking in the ravines of

the Egyptian deserts, that I make the following notes, hoping
that some trained geologist will be induced to do more for the

subject. The successive periods which I have noted are as

follow :
—

(1) Rainfall, before much excavation of the Nile bed ; pro-

ducing an enormous river with rolled gravels and blocks up to

3 feet long. It is unlikely that this was merely a beach, as the

gravels extend for many miles north and south
;
nor would it be

estuarine, as the flow must have been rapid. The only parts of

these beds that I have seen are on the tops of the hills dividing
the Nile from the Fayum, which are entirely composed of these

gravels. The great mass of these beds has been denuded away
by the later Nile and rainfall, leaving these ridges 200-300 feet

above the present Nile.

(2) Rainfall and elevation. All over the desert plateau of

limestone, the strata of which are usually horizontal, there are

sharp depressions and faults. These are usually of small area,
a quarter to half a mile across, with a drop of over 200 feet.

The strata are at the same level, and horizontal, on the opposite
sides of these depressions, but are steeply curved and faulted

down into the hollows. The only cause seems to be the falling
in of immense caverns in the limestone, for there is no trace of

thrust or upward folding anywhere. Such caverns must have
been produced by great rainfall, and high elevation to allow of

the water draining off at so low a level, below that of the

present Nile.

(3) Disturbances. It is impossible to suppose that the great

gravel beds of the Nile in period (i) were deposited along the

steep edge of a basin 400-500 feet deeper ; hence the deep
Fayum basin must have been depressed (as it can scarcely have
been eroded) subsequently to the period (i), and probably during
the same disturbances which shook down the strata into the

caverns of (2). 1

(4) Great rainfall and elevation continued, during which the

present Nile bed has been eroded, and the ravines graved out in

its sides, reaching back for many miles through solid rock. This
was subsequent to (3), as the ravines were partly determined by
the subsidences, and have cut through them. This was a long
period to allow of 200-300 feet of rock to be cut out of the Nile

bed. The elevation was probably the same as in (3), as the

rock bed of the Nile is at a great depth under deposits in Lower
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Egypt. The rainfall was violent, as the sides of narrow ridges
of rock, which cannot have collected much, are grooved into

deep flutings all along ; and the waterfalls from basins of only
one or two square miles, are wide and steeply cut.

(5) Rainfall, and depression forming an estuary. Up to
about 300 feet above the present Nile, remains of perfectly
horizontal beds of debris may be found clinging to the sides of
the ravines, which must be subaqueous deposits. In front of
each of the ravines are foot-hills of debris, evidently washed out
of the ravines, and deposited in an estuary. There cannot have
been much current in the main valley, as these foot-hills extend
sometimes two miles outward ; yet there was some current, as

they are always on the lower side. This appears to be in the
human age, from the rolled river palseolith which I found at

Esneh, and which cannot have belonged to a later time. These
estuarine beds occur as far up as Tel el-Amarna or further.

(6) Rainfall, gradualand intermittent elevation, leaving various
levels of foot-hills in the estuary. To this belong the chipped
flints of the debris beds in front of the ravine of the kings at

Thebes, as man was probably inhabiting that valley, for these to
have been washed out of it. The rainfall continued until the

estuary was completely dried, as the watercourses have cut
down to the present Nile level. Nile mud began to be brought
down and deposited while the water was yet 30 feet above the

present, either as a river or estuary.

(7) Complete desiccation, throughout the historic age. The
roads marked out with stones on the plain at Tel el-Amarna in

1400 B.C. are only destroyed in the very lowest lines of the
watercourses. The ancient buildings in Egypt only show the
effects of rare storms, and not of continued rain. The mud
deposits throughout this age are at an average rate of 4 inches

per century in the old bed of the Nile.

The sequence described here seems to be tolerably clear,

though much more detail needs to be filled in as yet.
W. M. Flinders Petrie.

Aphanapteryx in the New Zealand Region.

I SENT you a short note some weeks ago announcing the

discovery of a species of the Mauritian genus Aphanapteryx—
which I had named Aphanapteryx haivkinsi—m the Chatham
Islands. I have just returned thence from a visit made ex-

pressly for the purpose of searching for further remains of this

bird, of which I received at first only the cranium. I have
been very fortunate in my search, and have procured several

most perfect crania, with tibiae and femora, which I have no
doubt belong to the same bird, as more than once I discovered
these bones in the immediate neighbourhood of the crania. The
bones have been disinterred from the lower beds of a sandbank

facing the shore. Some years ago, a great storm, followed, as I

am told, by a tidal wave of great height, broke the Eurybia-
protected shore bluff

;
and now the wind, having carried off the

upper bed of light-coloured sand into the lands behind, is

continually planing down more and more the brown lower bed
in which these bones seem mostly to be entombed. They are

in a most perfect state of preservation, and very complete,

though deprived of all their animal matter. Of the Aphana-
pteryx crania some are considerably larger and some much
smaller than A. Brceckei, the larger reaching to within ^^^ inch

of 6 inches from the top of the slender arched upper mandible
to the occiput. The tibiae and femora vary in size corresponding
to the differences in the crania ; but they present the main
characters of the bones figured by M. Milne-Edwards in his
" Oiseaux fossiles de la France." It may yet turn out that

more than one species of Aphanapteryx inhabited the Chatham
Islands. It is very singular that, among the thousands of bones
that have been collected from different swamps, Maori middens,
and caves in various parts of New Zealand, not a single bone of

this bird should have come to light. In one refuse heap from a

Moriori feast laid bare by the wind on the beach of Petre Bay,
I found several specimens of Aphanapteryx hawkinsi, along
with crania and other bones of ducks, swan, sea-birds,

seals, whales, &c. Swan-bones were everywhere very
abundant in this brown sand bed ; some of them indicating
birds equal in size to Chenopis atrata, others considerably

exceeding it. In one very ancient midden the remains I

dug up consisted almost entirely of swan-bones, with the

intermixture of only a few duck-bones. The Aphanapteryx
must, I think, be the wingless bird spoken of by the Morioris as

Mehiriki, although those to whom the skull has been
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shown fail to recognize the bird at all. They speak also
of another flightless bird by the name of Mehunui. This
bird, one old and very intelligent Moriori informed me, was the
same as the Maoris called Kakapo. Mr. Alexander Shand,
an old resident in the Chatham Islands, and the sole European
living versed in Moriori customs and traditions, and capable of

speaking their language with fluency, also confirmed this infor-

mation, and told me that the Kakapo (according to the Morioris)
was very abundant in the islands prior to 1836. He himself in
the early days had seen their burrows often. I had observed,
while collecting, several Psittacine bones, and on learning this

fact I felt sure that those I had picked up and packed away must
belong to St7-ingops. On my arrival here, however, Lfind so far

that there are no Kakapo bones in the collection, the Psittacine
bones being the head and beaks of Nestor notabilis, the Kea.
I have as yet had time to do no more than run through the
collection I have brought back ; but there appear to be in it

several large Ralline tibis of species unknown to me. I am
looking forward to another opportunity of thoroughly exploring
these interesting islands with more time at my disposal than I

could aflbrd on this occasion. Henry O. Forbes.
Canterbury Museum, February 23.

Pigments of Lepidoptera.

A LETTER of mine on the subject of butterfly pigments was pub-
lished so recently in Nature (December 31, iSgi.p. 197) that I
hesitate to ask for further space at the present time. But the
appearance of Mr. Perry Coste's articles, together with the tone
of some remarks made by him at the close of the last article,
lead me to venture upon a few words, partly in criticism of a

theory he advances, and partly (though this is less important) in
claim of priority, since Mr. Coste does not do me the honour
to refer to my work on the subject.
The chief generalization which Mr. Coste bases upon his

experiments is that which he terms the "reversion effect,"—that
is to say, the production of yellows from reds by the action of
acids, and the restoration of the former by neutralization and
other means. The theory that he advances to explain these
phenomena—namely, that the red body acts as a base, and forms
with acids salts which are yellow—is quite untenable. As I have
shown (Proceedings of the Chemical Society, June 1889 ; vide
Nature, vol. xl. p. 335), the soluble yellows are themselves
acid bodies of quite definite composition. Indeed, as far back as

1871, Prof. Meldola called attention to the fact that the pigment
of G. rhamiii was soluble in water, and showed that its aqueous
solution had an acid reaction. Mr. Coste has worked with D.
ettcharts ; if he will dissolve the red pigment from the border
of the hind wing of this insect in pure lua^er, he will find that
a yelloiv solution is the result, but that, if the solution be
evaporated to dryness, the solid residue of pigment is red once
more

; showing that there is either the question of hydration to

consider, or a weak combination of the yellow acid body with a
base, which is dissociated in aqueous solution. At any rate, I
have obtained from this red pigment of eucharis a silver com-
pound which contains a percentage of metal exactly equal to
that from the pi";ment of G. rhamni.

In 1889 I wa^ able to predict possible constitutional formulae
for the acid yellow pigments, and am happy to say that recent
careful combustions of their silver salts to a large extent confirm
my original ideas. My results will be shortly published in
extenso.

Mr. Perry Coste's experiments are very useful as forming a
method of classifying these lepidopteroiis pigments; but, if he
will forgive me for saying so, tljey are of far too empirical a
nature lor any considerations as to the constitution of the bodies
to be based upon them. As one who has for many years past
spent a large portion of his time and no inconsiderable portion
of his substance in obtaining a sufficiency of these pigments for

analysis and investigation, Mr. Coste will forgive me if I do not
respond to his invitation to leave him "

to continue his
researches alone." It is hardly well for one investigator to say
"hands off" to another, and I shall not imitate Mr. Coste in
this matter ; but will only express a hope that in his future work
he will not confine himself to the immersion of the wings of his
insects in strong and destructive reagents.

I have lately been working at the genesis of these pigments in
the pupse, and might say something with regard to the nature of
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the group which Mr, Coste labels as doubtfully pigmentary ; but
for the present I have sufficiently trespassed upon your space.

F. GovvLAND Hopkins,
Guy's Hospital, S.E., April 9. Gull Research Student.

"C.G.S. System of Units,'

The new edition of Prof, Everett's "C.G.S. System of
Units "

contains, at the very beginning, two misleading state-

ments, based seemingly on a misapprehension of facts. In so

valuable a work, such errors are to be deplored.

Pp. xiii. and xiv. give an account of weighings made at the
International Bureau of Weights and Measures between certain
" standard pounds

" and the international standard of mass.
From the statement as given, it would be inferred that there

is room for doubt as to the relation between the British standard
of mass and the international kilogramme.
The real facts are, that the standard pounds were only

nominally "pounds"; they were standards with known correc-

tions, which, however, have not been applied to the equivalents
given on p. xiv.

The true relation of the Imperial pound to the international

kilogramme is given in the Board of Trade Report of Proceed-

ings under the Weights and Measures Act, 1884 (p. 4), according
to which the Imperial pound = 453*5924277 grammes.
On p. 34 of "C,G. S. System of Units," Mr. Chaney's results

of the weight of a cubic inch of water are discussed, and the

conclusion is reached that Mr, Chaney's result differs by o'ooi25
from the theoretical relation between volume and mass of water
in the metric system.

This result is obtained by comparing Mr. Chaney's results,
without reduction to vacuo, with the mass of a cubic centimetre
of water.

Mr. Chaney states that the standard air to which his result is

reduced weighs 0*3077 grains per cubic inch. Therefore his

result reduced to vacuo is : one cubic inch of water at 62° F.

weighs 252*286 -f 0*308 = 252*594 grains.
If we take the value for the thermal expansion of water, in

terms of the hydrogen thermometer scale, as determined at the

International Bureau, we find the density of water at l6"'*667 C,
= 62° F., referred to its maximum density = 0*998861.

Using the equivalents i metre = 39*3700 inches, and i

gramme = 15*43235639 grains, we obtain : one cubic inch of
water at 62° F. weighs itt vacuo 252*6045 grains ;

while Mr.

Chaney found 252*594 as above given, a discrepancy of one

part in 25,000 only, as compared with one part in 800, given by
Prof. Everett. It is not clear from Mr. Chaney's statement
whether his weight in air is against brass or other weights ;

therefore the vacuum reduction above applied is uncertain by a
small amount. O. H. Tittmann.

Washington, D.C., March 10.

Mr. Tittmann thinks the true relation is, without doubt—
I pound = 453*5924277 grammes.

Prof. W. H. Miller determined it to be—
I pound = 453*59265 grammes,

which is the value given on the Card of Equivalents published
by the Board of Trade. If the determination quoted by Mr,
Tittmann from a Board of Trade Report of 1884 was made
under such conditions as to render it authoritative, it is a pity it

has been allowed to remain for eight years buried in a Blue-

book. One would have expected some intimation of it to be

given to scientific men through the Royal Society or in the pages
of Nature.
As regards the three "standard pounds" which were com-

pared with standards at the Bureau International in 1883, Mr.
Tittmann says they had known corrections. This is not staled

in the Travaux et Memoires, where the account of the com-

parison is given. There is, however, in the case of the two
which are of gilded bronze, a reference to a description of them

by Prof. Miller in his paper on the standard pound (Phil. Trans.

1856), and, on turning to it, I find that their errors, as stated by
him, do not agree even approximately with the determinations
made at the Bureau. They differ even in the first significant

figure of the error, which is the sixth figure of the entire value ;

so that, as far as this evidence goes, the five figures 45359 are

all that are certain.
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As regards the other matter referred to, Mr. Tittmann does

not mention the publication in which "Mr. Chaney states that

the standard air to which his result is reduced weighs 0'3077

grains per cubic inch." The only publication known to me is

Mr. Chaney's paper in the Proceedings of the Royal Society,

and it does not contain any such statement.

I have always been taught to regard a standard weight as a

standard of mass, and therefore independent of such conditions

as temperature, pressure, and the material in the other scale

pan ; whereas, it appears that Mr. Chaney, by direction of the

Board of Trade, has made a determination which is only true

for a particular density of the surrounding air, and a particular

density of the weights in the other pan.
For scientific purposes a standard of reference should be free

from variable elements, and should be of the utmost attainable

simplicity. For commercial purposes sleterminations ^to six

figures are frivolous.

Mr. Tittmann's reductions appear to contain two errors.

Instead of adding the weight of a cubic inch of air, he ought to

have added the difference between this and the weight of the air

displaced by the weights in the opposite pan. Again, he takes

the metre as 39 '3700 inches, whereas Clarke's value is 39*370432,
and Kater's 39*37079.

I have had some correspondence with Mr. Chaney since the

publication of my new edition, and have had an erratum slip

printed, which I trust you will allow me to subjoin, as it may
be useful to several of your readers J. D. Everett.

5 Princess Gardens, Belfast, March 28.

Addenda and Corrigenda.

Page dT,. In reducing Cailletet's experiments, '0000026
should have been added instead of '0000039.

Page 77. Add—Violle's determination of velocity of sound
is 331 'lo ± 0"i. Ann. de Chim. XIX. March, 1890.

Page 176, line 10. For Wuilleumeier, 1890, r^^o^ Wuilleumier,

1890, Lippmann method.
At end of page 164, add—Expressing C in amperes, R in

ohms, and T in seconds, the heating effect in gramme-degrees
is C'RTj/i.-z - -z^C-RT.
Page 35. Mr. Chaney's determination here quoted was not in-

tended as a determination of the density of water, but of the

apparent weight of water when weighed in air of density

•00121684 against brass weights of density 8*143. The cor-

recting factor for deducing the weight in vacuo or true density is

I 'ooi 0687, which will change the value '998 752 obtained in

the text into "99982, to compare with Tralles' '99988.
Mr. Chaney's result is for distilled water deprived of air, and

Tralles' appears to be for ordinary distilled water. According
to results recently obtained by the Vienna Standards Commis-
sion {IVied. Ann., 1891, Part 9, p. 171), water deprived of air

has the greater density, the difference being '0000032 at o" C,
and '0000017 at 62° F. These differences are too small to affect

the above comparison.

Influenza in America.

In my copy of "
Johnson's Dictionary of the English Language

in Miniature, to which are added an alphabetical account of the

heathen deities and a copious chronological table of remarkable

events, discoveries, and inventions, by the Rev. Joseph Hamilton,
M.A., second American edition, Boston, 1806" (i2mo, pp. 276),
I find on p. 275, "Influenza in North America, 1647, 1655,

1697-98, 1732, 1737, 1747, 1756-57, 1761, 1772, 1781, 1789-90,
1802."

It is quite possible that these dates are well known, but they
are new to me, and may be of interest in connection with the
recent epidemic. Edward S. Holden.

Mount Hamilton, March 29.

DC/ST COUNTING ON BEN NEVIS.
VXTITHIN the last few years quite a new factor has
'''' been introduced into the study of meteorology—

namely, that which treats of the dust particles in the

atmosphere, of the number of dust particles present in

the air at any time, and the effect of dust in the air on
climate and weather changes. It is now beginning to be

recognized that the study of dust and its behaviour in the
air forms the stepping-stone to the study of almost all
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meteorological problems which deal with clouds and pre-
cipitation, solar and terrestrial radiation, and in a general
way with the diurnal and annual variations in the tem-
perature and pressure of the atmosphere. Mr. Aitken's
work in originating this branch of science, and in making
and discussing numerous observations of the number of
dust particles in the air of various places in this country,
as well as on the Continent, at various altitudes, is pretty
well known already (see Nature, vol. xli. p. 394). Mr.
Aitken's results and conclusions were looked upon as

being of such importance as to warrant some of our

leading meteorologists to apply to the Research Fund of
the Royal Society for a grant to enable them to equip
the Ben Nevis Observatory with Aitken's dust-counting
apparatus. The application was successful, and instru-
ments were at once ordered, and in due time erected at

the Observatory.
The apparatus consists of two dust counters, one a

portable form for use in the open air, and the other a

laboratory form for use inside the Observatory. The
latter is fixed in the middle room of the tower, and has

pipes leading out to the free air, so that it is possible to
observe with it in almost all sorts of weather and at any
hour day or night. The principle on which these instru-

ments are constructed, so as to make the tiny invisible

particles of dust visible and easily countable, is pretty
well known already. Briefly it is this. To make the par-
ticles visible, the air containing them is saturated with
water vapour, and by a stroke of an air-pump it is there-
after cooled so much as to cause a condensation of the

vapour on the particles, whereby these are thus made
visible. Ordinary air is so dusty that if the receiver were
full of such air it would be impossible to count the par-
ticles, and to make them easily countable the following
process is resorted to. First, the chamber or receiver,
whose capacity is accurately known, is filled with pure
dustless air by means of an air-pump and filter. Then
a fifth, a tenth, or any other fractional part of the amount
of pure air inside is taken out, and the same amount
of dusty air allowed in. In this way the density of the
shower caused by conden^sation is completely under the
observer's control, A small graduated stage is placed
one centimetre from the top of the receiver, so that all

the dust above this falls on to it, and by means of a

magnifying glass all the particles on one or more of the
small squares of the stage are easily counted. Then, by
multiplying by the reciprocals of the various fractions

used we arrive at the number of dust particles in a unit

of the free dusty air. In making an observation, the mean
of ten such tests is taken as the number of particles

present for that time.

Observations were begun at the Ben Nevis Observatory
with the portable instrument in February 1890, and with
the other instrument in the following summer. During
the whole of that year the work done was mainly pre-

liminary, as great difficulty was experienced in getting
the dust work to fit into the general routine of Observatory
work. The dust inquiry is not like some other special

inquiries, that can be prosecuted for a certain time, and
then discontinued after definite positive or negative
conclusions thereanent have been arrived at, but must, on
the other hand, be carried on side by side with the other
observations of meteorological phenomena, as pressure,

temperature, humidity, &c., with any of which it is of

equal importance, and having once been admitted into

the general routine of meteorological observations it

must be kept on. This fact was soon seen on Ben Nevis
from the extraordinary variations that were observed in

the dustiness of the air with changes of weather ; and it

was attempted to make continuous haurly observations of

the dust as of the other elements. It was found, however,
that this could not be done without crippling the general
routine, this being as much as the two observers at the

Observatory could well cope with. In February 1891
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a system of three-hourly observations of the dust par-
ticles was started, and this has been kept up with but few

nterruptions since. The dust observation is made
immediately after the usual hourly set is completed, and
it can thus be studied along with all the other hourly
records in their relation to the prevailing weather.
A great many observations have in this way been

accumulated during the past two years, but we have not
had time for studying ihem in detail yet. A mere in-

spection, however, brings out some interesting points. One
of these is the enormous variation that is observed in the
number of dust particles, not only in the course of the

year, but often in the course of a few hours. At sea-level

the number of dust particles in the air at any time depends
very much on the locality and on the wind, whether

blowing from a polluted district or not. The mean of a
number of observations made by Mr. Aitken at Kingair-
loch, in the west of Scotland, is 1600 particles per cubic
centimetre. In London, on the other hand, he found

100,000 per cubic centimetre, and in Paris rather more.
On Ben Nevis the mean is 696 per cubic centimetre, the
maximum being 14,400 per cubic centimetre, and on
several occasions the minimum fell to o. A general
mean does not convey a fair idea of the dustiness of the
air at the mountain-top, although it may do so for places
at sea-level, because there is at the former place a great
daily range in the number of dust particles, depending on
the rise and fall of the air past the place of observation.
If there is any marked variation at sea-level it is entirely
of a different character. Below are the means, as well as
the maxima and mimima, of all the months that have a

fairly representative number of observations.

Number of Dust Particles per cubic centimetre on Ben Nevis.

1890-91.



584 NA TURE [April 21, 1892

The dust observations promise to be of special value

in the study of weather types. In some weather types,
not only are the dust values very abnormal, but the daily
variation is in some instances quite abnormal also, indi-

cating that the cloud or dust strata are differently situated

from what they are in average weather, and also that

their daily rise and fall occur at different times. In

March 1890, the dust values show this very well : below
are the three-hourly means for each of three different

periods :
—

First Period (12 days).

Hour
Number per

cubic centi-

metre . . 78 61 78 67 113 408 258 102

Second Period (3 days).

2867 1785 917 4733 4213

Third Period (5 days).

65 25 37 19 20

4295 3417 2533

28 93 76

During the third period of five days the weather was

very remarkable. A large depression was slowly pro-

gressing eastwards to the north of Scotland, and the

winds on Ben Nevis were blowing almost straight out

from the centre, while the winds at sea-level were circu-

lating in the normal direction. This is the usual type
when low dust values are obtained ; but it is difficult to

quite account for the daily variation in the dust values

being reversed, the higher values occurring at night, and
the lower in the middle of the day. This and many other

points have not been studied yet.
Dr. Buchan, in his recently published work on "Atmo-

spheric Circulation," hinges his explanations of various

atmospheric phenomena on the effect of solar and
nocturnal radiation on the dust in the atmosphere, and
accounts it one of the most important factors in the study
of modern meteorology. The observations made at Ben
Nevis Observatory clearly show that for observing the

number of dust particles in the air, with a view to the

observations being applied to the study of atmospheric
phenomena, a true peak is of all places the best, because
we can study not only the horizontal distribution of dust
as brought by the different winds, but also, to a certain

extent, the vertical distribution by the ascending and

descending motions of the air past the place of obser-
vation. Angus Rankin.

ABSTRACT OF MR. A. RJCCO'S ACCOUNT OF
THE SUBMARINE ERUPTION NORTH-
WEST OF PANTELLERIA, OCTOBER 1891.1

/^F what happens in submarine eruptions we naturally^^ know little. Theevidenceof Graham's Island (1831)^
and the eruption off Pantelleria (1891), to the south of

Sicily, and of the damaged telegraph cables and various
surface phenomena •' to the north, towards the Lipari Isles,
shows us that such eruptions are not rare in the Sicilian

district, and any records of these fleeting occurrences that
we can get, in the way of observation and specimens, may
well prove of increasing interest as others are obtained
to compare with them.

Mr. A. Ricco has recently published
^ a detailed and

illustrated account of the facts he was able to gather, con-

cerning last October's submarine eruption north-west of

Pantelleria, either in person or from local and other ob-

servers, he having reached the island during the latter

part of the eruption. From this, at the suggestion of

' Annali dell' Ufficio centrale Meteorologico e Geodinamico, ser. ii.,

Parte 3, vol. xi.
^

(a) Lyell's "Principles of Geology"; and (fi), for Bibliography,
Johnston-Lavis's

" South Italian Volcanoes," pp. 105-107.
3 {a)

" South Italian Volcanoes," pp. 64 and 65 ; and (b) Giov. Platania,"
I Fenomeni Sottomarini durante I'Eruzione di Vulcano (Eolie) nel 1888-

1889," Att. Rend. Ace. Sc. Let. Art. Acireale, n. ser., vol. i., 1889,
pp. 16, tables 3.

Prof. Judd, who has kindly sent me a copy, I extract the

following :
-

Pantelleria, an island (i3"5 by 8 kilometres), situated
between Sicily and Tunis, is entirely of volcanic origin.^
The volcanic activity would at present appear to be a
shade less marked than in the "

Phlegrrean Fields," west
of Naples.

In Pantelleria we have exhalations of CO2 ;
hot springs

(of which those at the lake called
"
Bagno del Acqua,"

among other things are, we are told, so rich in alkalies as
to lather, and be used for washing clothes !), and fuma-
roles, some of which exhale steam harmless to vegetation,
and with little if any specific effect on the rocks, while
others give out sulphurous vapours at 88' C. or more,
decomposing the rocks about them.
There is but doubtful record of seismic disturbances in

the island prior to the summer of 1890. Then, however,
earthquakes occurred, with elevation of part of the north

coast, the cracking of cisterns, and an increase in the
number and activity of the fumaroles, sa that vineyards
formed in some of the old craters were damaged. After
more than a year's interval, earthquakes again commenced
October 14, 1891 (three days before the eruption). These
were accompanied by drying up of certain springs, and
apparently a further rise on the north coast, with surface
cracks in that district.

As the shocks were most violent and vertical at the
little town of Pantelleria itself (at the end of the island
nearest the scene of eruption), they caused considerable
consternation

;
and if one went by the account of the

overstrung inhabitants, who felt shocks not recognized
by the seismoscopes,one might exaggerate their violence.
On the other hand, the walls of the houses, which out-

side the town have frequently no upper story, are, on the

whole, substantially built, so that the insignificant damage
done is perhaps hardly a gauge. Part of the north coast

(Fig. i) appears to have been raised, in the two years.

I m^'
\J Bagno

jA . DEL. ACQUA

/ AUGITE
/ ANDESITE ^
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Fig. I.—Map of Pantelleria, showing the position, according to Ricco, of (u)

the submarine eruption of October iSgi, and (fi, /s) of the raised coast.

some 80 cm., the old sea-level being marked by a line of

white incrustations ;
and we are" told that, according to

a recent estimate," the tide in this part of the Mediterra-

nean has an amplitude of but some 8 cm. ; besides, there

was the evidence of inhabitants who had bathed, boated,
and fished along the coast. The submarine eruption

(4 kilometres north-west of the island. Fig. i) began on
'
Foerstner,

" Nota preliminare sulla Geologia dell' Isola di Pantelleria"

(with geological map). Boll. Com. Geol. d'ltal., 1881.
^
Prof. G. Grablovitz, ''Le isorachie della marea nel Mediterraneo,"

Rendiconti della R. Accad. del Liticei, i5 Agosto, 1891.
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October 17, 1891, when the earthquakes abated, and water

returned to some of the wells. The appearance of the sea,
as viewed from the land, at first suggested the presence
of some "

great fish," and columns of " smoke " were seen.

Those who visited the spot later (Fig. 2) found black

Fig. 2.—Part of a sketch of the submarine eruption near Pantelleria,
October 1S91, (After Ricco.)

scoriaceous bombs rising to the surface, along a line

some I kilometre in length, extending north-east and

south-west, which might well indicate a submarine fissure,
the activity being specially great at certain points. Some
of the bombs discharging steam ran hissing over the
water with the recoil. Many were still very hot inside,

fusing zinc (415" C), and one was red-hot (in daylight),
but below 800^ C. Some pieces were thrown 20 m. in

the air, as I gather, not so much by their momentum on

reaching the surface as by the explosions occurring there.

After the explosions the fragments sank, the material

having a sp. gr. of about 2'4. The highest temperature of
the water obtained was but lA'^ C. above that of the

surrounding sea. Ricco now questions the trustworthiness
of the soundings made at the scene of eruption to a

depth of 350 m. without feeling bottom, and he was told

that fishermen had previously found but 1 60 m. of water
there. Though some saw bubbles rise to the surface, the

gases usually emitted in the case of subatirial eruptions
were not detected in the sample of water collected, which
Ricco suggests may be due to their having been taken
into solution by the water lower down. However, there

was a smell" as of gunpowder "at the spot ;
and the dark,

basic, spongy matter of the bombs (previously described),'
"the only solid material erupted," gives out when heated
a sulphurous odour, a fact of which Mr. F. Chapman had

previously informed me. The eruption terminated on
October 25, and the erupted matter disappeared.

I should add, in conclusion, that I have ascertained
from Dr. Errera, who has charge of the seismological
apparatus on the island, that the telegrams published in

an English daily paper, as to renewed eruptions in the

neighbourhood at a later date, were quite without founda-
tion. G. W. Butler.
March 22.

GIRAFFES.
'T^HE Zoological Society of London, as our readers
-^ know, have lost their last remaining Giraffe, and,

for the first time since 1836, no example of this, one of

the most wonderful of living Mammals, is to be seen in

the Regent's Park Gardens. Nor does it seem likely
that the loss can be easily restored. At the present time,

owing to the Mahdists having closed the Soudan to trade,
the Giraffe-market is very poorly supplied. Only one

specimen of this animal, we are told, is for sale in

' Nature, vol. xlv p. 251.
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Europe, and an exorbitant price is naturally asked for it.

In South Africa the Giraffe is practically extinct, being
only still met with in a few isolated localities nearly a
thousand miles from Cape Town. In East Africa there
are still Giraffes, and in places nearer the sea-board ; but

here, apparently, there are no means of catching them
alive, as the natives do not understand how to do it.

Here, however, it is that there appears to be most like

lihood of obtaining a fresh supply. This will be an ex-

pensive business, but unless some steps are soon taken
in the matter it seems that the younger generation of

England will grow up without knowing what a living
Giraffe is like. Their parents have been more fortunate.

From the list given below, it will be seen that there have
been 30 individuals of the Giraffe exhibited in the Zoo-

logical Society's Gardens since 1836, of which 17 have
been born there, and 13 acquired by purchase. Of these

30, one was presented to the Royal Zoological Society of

Ireland in 1844, five have been sold at prices varying
from;^450 to ;^iSo, and the remainder have died in the

Gardens.

List of Giraffes that have lived in the Society's Gardens,
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engine cylinders during admission, by Lieut. -Colonel Thomas

English, of Jarrow (Friday). The anniversary dinner will take

place on Wednesday evening. May 4.

The Royal Academy of Sciences of Lisbon has elected Sir

Joseph Fayrer, F. R.S., as a foreign corresponding member in

the class of mathematical, physical, and natural sciences.

Dr. R. Thorne Thorne, F. R.S., as was expected, has

been appointed principal Medical Officer of the Local Govern-

ment Board, in succession to Sir George Buchanan, F.R.S.

We regret to have to record the death of Miss Amelia B.

Edwards. She died on Friday last at Weston-super-Mare.
Miss Edwards had done much both in England and in America

to awaken public interest in the results of archaeological research

in Egypt. She also did excellent service by her work in

connection with the organization and control of the Egypt

Exploration Fund.

Mr. J. Carruthers, son of Mr. W. Carruthers, head of the

Botanical Department of the British Museum, has been ap-

pointed Lecturer in Botany at the College of Agriculture,

Downton, for the coming summer. Mr. J. Carruthers has for

some time been Demonstrator in Botany at'the Royal Veterinary

College, London.

An International Economic Congress will be held at Antwerp
in August next.

Mr. W. Clayton Pickersgill, H.B.M. Vice-Consul at

Antananarivo, who has just returned to England on leave, has

brought with him a nearly perfect egg of the extinct gigantic

Bird of Madagascar, Ai.pyo7-nis maximus. This was obtained,

like all other previous specimens, from the southern coast of the

island, near Cape Ste. Marie. Mr. Sclater will exhibit the egg
at the next meeting of the Zoological Society, on May 3.

All collections of plants received at the Royal Gardens, Kew,
are examined, and reports upon them are sent to the donors.

When of sufficient magnitude and importance, they are made, as

jn the case of the late Colonel Grant's collections in Central

Africa, the subject of a detailed memoir. Anything of sufficient

interest in smaller collections is illustrated with a plate in

"Hooker's Icones Plantarum." Novelties which are not import-
ant enough to justify a plate have hitherto been relegated to their

proper places in the Herbarium, where they have awaited

description by some monographer. Collectors, however, are

best encouraged when they see that the result of their labours

supplies some tangible addition to scientific knowledge ; so it

has been decided that all plants received at Kew of which the

novelty can be ascertained with some certainty shall be described

for the information of botanists, and distinguished by formal

names. Successive decades of plant-descriptions are to be pub-
lished in the ICew Bulletin. The first decade appears in the

April number, and suffices to indicate that the series will

be one of great interest and value.

- Besides the first of the " Decades Kewenses," the April
•number of the Kew Bulletin contains sections on Fiji ginger,

the agricultural resources of Zanzibar, and the botanical station,

St. Vincent.

We learn from the Kew Bulletin that among the botanical

treasures which have lately reached the Royal Gardens, is a

second small collection of dried plants, sent by the Rev. R. B.

•Comins from the Solomon Islands. It includes several highly

interesting things. Specially interesting among these are

flowering specimens, though not perfect, of the tree that bears

the so-called turtle-seeds of the islanders. . This tree belongs to

the SapotacecB, and will shortly be published as a new genus of

that order by Mr. W. B. Hemsley. The seeds are one of the

imost singular productions in the vegetable kingdom, and the
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name given to them by the natives of the Solomon Islands is quite

appropriate, as the resemblance is most striking. Mr. Comins

collected seeds of what appears to be a second species of the

genus, and Kew previously possessed a seed and foliage of a

third species, collected in the Fiji Islands in 1878 by Mr. Home,
the Director of the Botanic Garden of Mauritius. There are

also seeds of one or two other species in the Museum, where

they have been for some years, but their origin is unknown.

The Bulletin also calls attention to another very curious plant

collected by Mr. Comins—Lasianthera papuana
— in which the

originally three-celled ovary develops into a fruit with one fertile,

dry, woody cell, the two empty cells forming a fleshy body on

one side of it.

It is expected that the Borough Road Polytechnic Institute

will be opened in October next. When the ceremony has taken

place, two of the three Polytechnics for South London, for which

Mr. Evan Spicer and his committee first appealed in 1888, will

be at work. The Goldsmiths' Company's Institute at New Cross,

which by the munificence of that Company was opened in

October last, has considerably over 4000 members on its books.

The third Polytechnic, that at Battersea, is in a fairway towards

completion, and will, it is hope'd, be opened in October 1893.

Prof. T. G. Bonney, F.R.S., will on Tuesday next, April

26, begin a course of two lectures at the Royal Institution, on

'' The Sculpturing of Britain : its later stages
"

;
and on Thurs-

day, April 28, Prof. Dewar, F.R. S., will begin a course of four

lectures on " The Chemistry of Gases." The Friday evening

meetings will be resumed on April 29, when Dr. Benjamin W.
Richardson will deliver a discourse on "The Physiology of

Dreams,"

Mr. Alfred W. Bennett will deliver a course of lectures

on systematic botany at the Medical School, St. Thomas's

Hospital, on Tuesday and Wednesday mornings at 10 a.m.,

beginning Tuesday, May 3.

Dr. Symes Thompson "will deliver at Gresham College, on

April 26, 27, 28, and 29, a course of lectures on " The Eye in

Health and Disease." The lectures are to be illustrated by

diagrams, and will begin each evening at six o'clock.

According to a Reuter's telegram, despatched from New
York on Monday, two severe shocks of earthquake were felt at

Portland, Oregon, at two o'clock on Sunday afternoon, and at

various places in the vicinity. Numbers of buildings trembled,

and so great was the alarm that people rushed panic-striken into

the streets. The vibrations were from west to east, lasting ten

seconds in each case. No damage was done, and as the seismic

disturbances were confined to two sharp shocks within a brief

interval of each other, a feeling of confidence gradually returned.

Snowstorms of exceptional severity have passed over the

country during the last week, and in many parts of the kingdom
the fall was heavier than at any time during the past winter. In

Scotland, and over the northern parts of England, snow had

been falling heavily on several days, and on Good Friday a

shallow cyclonic storm area was approaching our south-west

coasts from off the Atlantic, which occasioned heavy snow-

storms in the Channel Islands and south-west of England. The

central area of this disturbance passed up the English Channel

and over the north of France, accompanied by an unusually

heavy fall of snow over the south and southeast of England,

The ground was covered in places to the depth of several

inches, and the storm caused considerable damage to the tele-

graph wires in the southern parts of the kingdom. The night

frosts were also very severe, the shade thermometer registering

as low as 20° in places.

The Report of the Kew Committee of the Royal Society for

fourteen months ending December 31 last gives an account of
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the observational and experimental work of the Observatory.

The curves of the inagnetographs have shown a marked in-

creased activity in terrestrial magnetic changes as compared
with the previous year, although no very large disturbances

have been registered. The electrograph has been maintained

in action during the greater portion of the year, but the instru-

ment has failed in sensibility, owing to the diminished potential

of the chloride of silver battery. The subject of the measure-

ment of atmospherical electricity is consequently far from

settlement. Sketches of sun-spots were made on 170 days,

and the groups numbered after Schwabe's method. Two
new forms of anemometer have been under trial : (i) the

anemo-cinemograph of MM. Richard Freres, similar to that

employed at the top of the Eiffel Tower—the vanes, by running

constantly against a train of clock-work, record directly on a

sheet of paper the velocity of the wind at any moment
; (2) the

Munro sight-indicating anemometer is a sensitive Robinson cup

arrangement, which drives, by means of a small centrifugal

pump, a column of oil up a glass tube. The instrument, as

fitted at present, fails to work during frost, owing to congelation
of the oil employed. Great activity continues to be shown in

the verification department, over 20,500 instruments of all

kinds having been tested ; more than three-fourths of these

were clinical thermometers. In the rating of watches, the

highest position was attained by Messrs. Stauffer, Son, and Co.,

one of whose watches obtained a total of 9r6 marks out of a

possible 100. Special circulars have been addressed to the

directors of steamship companies, calling attention to arrange-
ments made for the rating of chronometers. A special camera,

capable of working with lenses of 4 inches aperture and 30
inches focal length, has been fitted up at the Observatory, for

the examination of photographic lenses. A photometer, on

Captain Abney's principle, 13 feet long, has also been fitted for

use in the testing operations. The Committee have come to

the conclusion that it would be of advantage to them to obtain

registration under Section 23 of the Companies Act, 1867.

We have received from the Deutsche Seewarte, (i) the

Detitsches meteorologisches yahrbuch for 1890, containing ob-

servations taken three times daily at nine stations of the second

order, with monthly and yearly results, hourly observations and
means at Hamburg and Wustrow, and extracts from the

registers kept at the signal stations, on stormy days. The
materials are similar to those published in former years, the

only change being in the reduction of the number of stations

for which observations from self-registering instruments are

given. (2) Ei-gebnisse der nieteorologischen Beobachtiingen for

the lustrum 1886-90, on the same plan as those previously pub-
lished for the years 1876-80 and 1881-85. These publications
extend over fifteen years, and form a very valuable contribution

to the climatology of Northern Germany, affording ample data

for investigations referring to individual hours, or days, together
with an easy means of obtaining the combined results and the

extreme values for the whole period over which the observations

extend.

The Washington Weather Bureau has just issued an atlas of

thirty-six charts, being one of a series of useful works partially

prepared under the superintendence of General A. W. Greely,
Chief Signal Officer of the United States, prior to the transfer

of the Meteorological Service. The charts show the average
direction and hourly velocity of the wind at 8 a.m. and 8 p.m.

(Washington time), at sixty-five representative stations, with

the average maximum and minimum hourly velocity, and other

interesting details, from observations for a number of years-
The prevailing wind direction, and the direction next in order

of frequency, are shown by arrows which fly with the wind,
while figures set against the arrows indicate the percentage of
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times the wind has been observed in the direction indicated by
the arrows. General Greely remarks that the diurnal variation of

the wind in the United States has not been investigated to any
considerable extent, so that but little is known of its tendency

except in a general way. It may be said, however, that in the

northern hemisphere there is a well-defined tendency to veer a

little in the morning, and to back through the same circumference

in the afternoon. This inclination, however, is early sub-

ordinated to the influence of pressure changes and distribution,

and cannot be detected except in settled weather.

Writing in the American journal Electricity, on electricity

in the United States Navy, Mr. W. B. Lefroy Hamilton

refers to the working of the search light. He says that in

the practical use of the search light, it has been found

that in order to afford sufficient time for a careful exami-

nation of the water's surface, at points far removed from the

ship, the beam of liglit must be revolved very slowly, and in

consequence, during a great portion of the time any particular

section of water is left in darkness. As it only takes five

minutes for a torpedo boat to run a distance of two miles, it will

be easily seen that in the interval between two successive illu-

minations of the same spot, a torpedo might attack a warship

and discharge her deadly weapon. To overcome this difficulty,

it is proposed that the new American war-ships, beginning with

the New York, shall be fitted with a number of stationary search

lights grouped together, each illuminating its own section, thus

keeping the ship surrounded by an unbroken circle of light.

The leather industry is to have a separate building at the

Chicago Exhibition. Representatives of the industry have

accepted a site offered them, and will erect, at an expense of

100,000 dollars, a building, measuring 150 by 600 feet, in which

they will show an almost endless array of leather products, and

every process in their manufacture from the raw hide to the most

finished article.

The latest annual report of the Hon. Edgar Dewdney, Super-

intendent of Indian Affairs in Canada, gives much interesting

information as to the aborigines of the Dominion. They are dis

tributed thus :
—Ontario, 17,915 ; Quebec, 13,361 ;

Nova Scotia,

2076; New Brunswick, 1521; Prince Edward Island, 314;
Manitoba and North-West Territories, 25,195 ; Peace River

district, 2038 ; Athabasca district. 8000
;

Mackenzie River

district, 7000 ; Eastern Rupert's Land, 4016 ; Canadian

Labrador, 1000; Arctic coast, 4000; British Columbia, 35,202—
total, 121,638. The number of children of school age is

13,420, of whom 7574 are in attendance. Even in the North-

West, where the conditions are harder than in British Columbia,

great progress has been made. The property owned by the

Manitoban and North-Western Indians includes 5599 houses and

2018 barns ; 13,549 acres of land under cultivation, with 21 15

acres newly broken ; 1251 ploughs, 773 harrows, 899 waggons,-

48 fanning mills, and 5 threshing mills ; 2928 cows, 70 bulls,

2064 oxen, 4823 calves, 5879 horses, 428 sheep, and 215 pigs.

Last year the North-Western Indians reaped a harvest including

67,726 bushels of wheat, 21,592 of oats, 19,761 of barley,

44,284 of potatoes, 14,788 of turnips, 1340 of carrots, and 413
of rye. The farm instructors and their wives make a point of

teaching the Indians how to use their spare time. The men are

encouraged to make handles for axes and hay forks, besides

sleighs, ox collars, harness, brooms, &c. The women are

initiated in tanning and butter-making, and already make articles

of clothing that would not disgrace a white woman, being par-

ticularly quick at knitting ; some of them, too, are expert in the

manufacture of baskets, mats, and hats. The housing of the

people also improves, the Bloods in particular now partitioning

their houses into rooms. The trust funds held for the Indians

by the Government now amount to £lo'i„o\(>, and £^T,oC)^ was-

spent from this source last year, besides ;^i86,442 voted by
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Parliament. Of the Parliamentary grant no less than £^^\AV1
went to the North-West, including Manitoba and Keewatin ;

while British Columbia took ;^i 7,010 of the remainder.

There seems to be no doubt that the aborigines of the

Andaman Islands are rapidly disappearing. According to the

latest administrative report relating to the islands, all the people
of Rutland Island and Port Campbell are dead, and few remain

in the South Andamans. Mr. Portman thinks' that the present

generation of this interesting race will be the last. Only a

small number of children are born, and they do not survive

infancy.

In his Presidential address to the American National Geo"

graphic Society, now printed in the Society's Magazine, Mr.

Gardiner G. Hubbard presents an interesting sketch of the forces

which have been at work in the evolution of commerce. In the

concluding passage he glances at what he supposes to be the

future of commerce. America, the last of the continents to be

inhabitated, now receives, he points out, the wealth of Asia on

the one hand and manufactures and population from Europe on

the other.
" Here the East and West, different from each other

in mental power and civilization, will meet, each alone incom-

plete, each essential to the fullest and most symmetrical develop-

ment of the other. Here will be the great banking and com-

mercial houses of the world, the centre of business, wealth, and

population."

In ancient times Greece possessed something like seven and

a half millions of acres of dense forest, and she was com-

paratively rich in timber until half a century ago. Many forests

have now disappeared, and the result is seen both in the scarcity

of the water supply and in various injurious climatic effects. The

Austro-Hungarian Consul at Athens—while calling attention to

these facts in a recent report, of which some account is given in the

Board of Trade yournal for April
—

points out that even at the

present day Greece possesses about two millions of acres of

forest land. The quantities (in cubic metres) of timber and

forest produce obtained in 1890, compared with 1889, were :

building wood, 59,948 and 48,986 ; timber for shipbuilding,

2606 and 1640 ;
for tools and machinery, 4146 and 2940 ;

lignite, 509,895 metric centners, compared with 466,953 ;

asbestos, 491,722 metric centners, compared with 490,179 ; and

tanners' tawing materials, 20,003 metric centners, compared
with 30,089 in 1889. Notwithstanding this considerable pro-

duction, Greece will have to import large quantities of timber

in the near future, so as to meet the demand arising from the

revival of the building trades now affecting both the ntral and

urban districts of the peninsula.

A PAPER on the agricultural needs of India, by Dr. J. Augustus

Voelcker, was read the other evening before the Society of Arts,

and is printed in the current number of the Society's Journal.
It gave rise to an instructive discussion, in the course of which

Mr. Thiselton-Dyer
—

referring to the necessity of India producing
sufficient food for its growing population

—said the real question
was how to get more nitrogen into the soil. That overshadowed

everything else. He agreed with Prof. Wallace, who had

spoken before him, as to one way of supplying this want.

After the studies made in Germany, France, and England, there

could be no longer any doubt that the growing of leguminous

crops did enrich the soil with nitrogen in a way which, as far as

was at present known, without manure, could be done in no other

way ; but in India the method of green soiling was not alto-

gether unknown. If it were, the sooner some popular account

of the method was distributed the better. An old pupil of his

own, who had charge for a time of an experimental farm at

Bangalore, found that by making some slight addition to the

Indian plough he was able to stir the soil—not to plough
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deeply, but to stir it lower than the ordinary plough did, and,

by slightly opening the subsoil in this way, the roots were able

to get down lower, and the crops, even in a season of drought,
flourished in a way they did not when the soil was cultivated in

the ordinary manner. He was inclined to think that the Indian

plough was a thing which deserved a good deal of study ; but it

could not be studied very well by people in Europe, because our

conditions were so different. The study should be made on the

spot, and efforts should be made to improve the agricultural
methods there by the introduction, if possible, of some kind of

rotation with leguminous crops. He was under the impression

that, in a great deal of the cultivated land of India, there was

something like a pan, formed at no great distance below the

surface, which made it extremely difficult for the roots to pene-

trate, and so they were unable to bear even a slight drought.

The Great Bower Bird seems to give the people of Northern

Queensland very frequent occasion to think about him. Every
kind of fruit suffers from his depredations ; and, according to a

letter from Mr. E. M. Cornwall, printed in the Victoria

Naturalist, he has also a taste for new-laid eggs. Says Mr.

Cornwall :
—" This is not mere supposition, but hard fact, for

after noticing the disappearance of eggs in a most unaccountable

manner for some time, the gardener kept watch, and was rewarded

by seeing Mr. Bower Bird fly straight to a nest just vacated by a

hen and deliberately pick the egg and polish off its contents."
" /« re the Great Bower Bird.—Since writing you last, I have

had still further evidence to convict this rogue of what I charged
him with. A bird was seen to fly right to a hen's nest in an

empty shed and immediately emerge with an egg in his long
claws

; but the egg proved an awkward burden, and he dropped
it ere he had gone many yards."

Colonel W. S. Hore gives in the journal of the Bombay
Natural History Society (vol. vi.. No. 3) an interesting account of

the taming of a heron. Writing from Deesa in September 1891,

he says that during the then recent monsoon a young egret
or heron with a greenish-brown neck and body, white-tipped

wings, and green legs, .flew into the verandah of his house,

apparently in search of food. He caught it, and for about ten

days kept it under a large basket, feeding it with raw meat.

He then gave it its liberty, but it refused to leave. It grew very

tame, and would feed out of Colonel Hore's hand. Occasionally
it would indulge in a bath in one of the dog's tins, and afterwards

sit on a chair in the verandah. In the evening it flew away to

roost in one of the large neem trees in the compound. It

showed no fear of the dogs, and would give any of them who
came too near a vigorous

"
dig

"
with its long bill. It remained

with Colonel Hore for about six weeks, when, as his regiment
was under orders to march, and he was afraid if left behind it would

meet with an untimely end, he carried it down to the river about

two miles off and left it there.

The new number of Petermann s Mitteilungen has a map of the

Kalahari Desert, and the western part of British Bechuanaland,
with remarks by Edward Wilkinson. There are also articles on

the Pamir question (with map), by F. Immanuel, and contribu-

tions to our knowledge of the south-eastern part of Persia, by
A. J. Ceyp.

The Rochester Academy of Science, U.S., has published
two brochures of the first volume of its Proceedings. The

papers are attractively printed and well illustrated. Among the

contributions we may note "The Aurora," "The Forces con-

cerned in the Development of Storms," and
j
"The Zodiacal

Light," by M. A. Veeder ; "Description of New Meteorites,"

and "Notice of a New Meteorite from Louisa County, Va.,"

by Edwin E, Howell
;

" Root Foods of the Seneca Indians,"

by G. H. Harris ;

"
Descriptions of New Species of Muricidse,

with remarks on the apices of certain forms," by Frank C.
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Baker; and "Notes on Mexican Archaeology," by F. W.
Warner.

Messrs. Wm. Blackwood and Sons will publish, in the

course of a few days, a short treatise on "
Farmyard Manure,''

by Mr. C. M. Aikman, Lecturer on Agricultural Chemistry,

West of Scotland Technical College.

Messrs. Smith, Elder, and Co. have issued a third edition

of the "Junior Course of Practical Zoology," by Prof. A.

Milnes Marshall, assisted by Dr. C. Herbert Hurst. Advantage
has been freely taken of corrections and suggestions received

from many sources. The whole book has been carefully revised,

and some new figures have been added.

The Royal University of Ireland has issued a supplement to

its Calendar for the year 1892. It includes the examination

papers used in 1891.

A new series of compounds, in which thehydroxylic hydrogen
of phenols is replaced by the element titanium, are described by
M. Levy in the April number of the Antia/es de Chimie et de

Physique. The first member of the series, that derived from the

simplest phenol, carbolic acid, C^HjOH, possesses the composi-
tion Ti04(CgH5)4 or Ti{CgHgO)4. The discovery of these somewhat

remarkable compounds was the result of an inves tigation con-

cerning a colour reaction of titanic acid. M. Levy had observed

that when a small quantity of titanic acid was brought into

contact with sulphuric acid containing a little phenol, a deep
red coloration was produced. The red colouring matter was

soluble in the oil of vitriol, but was decomposed when the

solution was diluted with water or neutralized by alkalies. The
red substance has, however, been isolated by employing another

mode of preparation, and proves to be the titanium phenylate,

Ti(C6H30)4, above mentioned. It may readily be prepared by
the action of titanium tetrachloride, TiClj, upon a solution of

phenol in benzene. The titanium tetrachloride, in quantity one

molecular equivalent, is poured directly into the solution of four

molecular equivalents of phenol, when a very energetic action

occurs with liberation of a large quantity of hydrochloric acid

gas. The last traces of hydrochloric acid are removed by means
of a current of hydrogen, the reaction flask being warmed to

about 70° by means of a water-bath and fitted with a reflux

condenser. Upon the completion of the reaction the benzene is

evaporated off, when the new compound is left behind in the

form of large crystals. The crude substance thus prepared is

then recrystallized from a mixture of benzene and petroleum,
when it is obtained in the form of rhombohedral crystals of the

colour of bichromate of potash, and which, like the latter

compound, yield a powder much yellower in colour upon
pulverization. The crystals are readily soluble in benzene

toluene, alcohol, or ether. They also dissolve in concentrated

sulphuric acid, producing the same red oil which is formed in

the colour reaction above described. The action of water upon
the crystals of titanium phenylate appears to be of the nature of

saponification. It occurs in at least two stages, a compound
Ti04H2(C6Hg)2 being first produced ;

this intermediate com-

pound passes eventually into titanic acid, carbolic acid being at

the same time formed in the solution. Fuming nitric acid, when
in large excess, converts titanium phenylate into titanic and

picric acids
;
but if only a small quantity of nitric acid is employed,

titanium picrate is precipitated in the form of a black insoluble

substance. Nascent hydrogen, liberated by means of dilute

hydrochloric acid and zinc or tin, reduces the titanium in titanium

phenylate to titanium trichloride, with production of the usual

violet coloration due to that compound. Gaseous chlorine

rapidly converts the crystals of titanium phenylate into titanium

tetrachloride and the di-chlorine derivative of phenol. In

addition to titanium phenylate, the analogous compounds with

the cresol phenols, thymol, naphthol, resorcinol, and salicylic
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acid have been prepared. They are all red or brownish-red

solid substances possessing properties similar to those of titanium

phenylate.

The additions to the Zoological Society's Gardens during the

past week include a Grivet Monkey {Cercopithecus griseo-

viridis $ ) from North-east Africa, presented by Miss G. A.

Vicars; a Leopard [Fdis pardiis i) from Ceylon, presented by
Mr. Marcus W. Miliett

;
a Lesser Sulphur-crested Cockatoo

[Cacatua snlphurea) from Moluccas, presented by Mrs. Kate

Taylor; a Greater Sulphur-crested Cockatoo {Cacatua galerita)
from Australia, presented by Mr. Earle Whitcombe ;

a Common
Zebra [Equus zebra ? )

from South Africa, a Wonga-wonga
Pigeon {Leucosarcia picata ?) from New South Wales, a

Cereopsis Goose' {Cereopsis novce-hollandia) from Australia,

deposited; a Yak {Poiphagus grunniens i), born in the

Gardens.

0(/R ASTRONOMICAL COLUMN.
Astronomy at the Paris Academy, April ii.—MM.

Perigaud and Boquet have independently made some observa-

tions of the latitude of Paris Observatory, one of the objects of

the investigation being to determine whether the value under-
went a periodic variation. The two series of observations only
diff"er from one another by about one-hundredth of a second of

arc; the value derived from them is 48° 50' ii""Oi. No
definite evidence of variability was obtained. Admiral Mou-
chez, in commenting upon these observations and a dis-

cussion of the latitude of the Observatory, made by M.
Guillot in 1879, said that doubtless the variation found at other

Observatories was wholly or in large part due to the influence of

temperature on astronomical refraction. A photograph taken

by Dr. Gill was presented by Admiral Mouchez to the

Academy. It embraced an area of 2° x 2°, and on this sky-

space from 30,000 to 40,000 stars had left their impressions,
besides two nebulae. The exposure given was 3h. 12m. instead

of the ih. which is given to plates for the "Carte du Ciel." If

this exposure were possible for the whole photographic map of

the heavens, about 300,000,000 stars would record their exist-

ence instead of 30,000,000.
Swift's and Denning's comets have been observed at Bordeaux

on several occasions. The former is described as very brilliant,

with a nucleus of about the seventh or eighth magnitude, a head
about 8' in diameter, and the trace of a tail. M. Landerer has

compared the calculated time of eclipses of Jupiter's satellites

given in the Connaissance des Tetnps with the actual times

observed. The agreement between the two is very remarkable.

Solar Heat.—Volume ii. of the Transactions of the Astro-

nomical and Physical Society of Toronto (1891) has recently
been issued. It contains several interesting papers, one of

which, by Dr. Joseph Morrison, deals with solar heat. Two
theories have been advanced to account for the source and
maintenance of the heat of the sun. One ascribes the heat to

the energy of meteoritic matter falling on the sun, the other

asserts that the supply of heat is kept up by the slow contraction

of the sun's bulk. Taking the "solar constant
"

as twenty-five
calories per square metre per minute, Dr. Morrison calculates

that the linear contraction of the radius of the sun which is

requisite to keep up the present rate of radiation, is o "000004972
feet in i second, or 156 9 feet in a year, or 29*716 miles in

a thousand years. "Now 450 miles of the sun's diameter
subtends at the earth an angle of i", and therefore it would

require 7575 years for the sun's angular diameter to be reduced

by i" of arc, which is the smallest angle that can be accurately
measured on the solar disk." With regard to the meteoritic

theory of solar energy, a calculation shows that a quantity of

matter which weighs one pound falling freely from infinity to

the sun would develop by its kinetic energy 82,340,000 units of

heat. From this it can be found that the heat radiated could

be developed by the annual impact on the sun of a quantity of

meteoritic matter a trifle greater than i/iooth of the earth's

mass, and having a velocity of 382 "6 miles per second.

Periodic Variations in Latitude.—Mr. Chandler, in

some recent numbers {248 and 249) of the Astronomical [ournal,
announced the discovery that the earth's axis of rotation revolves

round her axis of maximum moment of inertia in a period of
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about 427 days. In the Monthly Notices for March, Prof. New-
comb contributes a paper on the "

Dynamics of the Earth's Rota-

tion," in which this result is mentioned with reference to the

periodic variations in latitude. By dynamic principles the ratio

of such a rotation to that of the earth's revolution
" should be

equal to the ratio of her polar moment of inertia to the difference

between the equatorial and polar moments." This gives a time

of rotation of 306 days. Mr. Chandler's result, as Prof. New-
comb says, "at first sight seems in complete contradiction to

these principles," and he is led to inquire into the theory which

assigns the time of rotation. The present paper is the result of

such an investigation, and he finds that two defects have made
themselves apparent

—"namely, the failure to take account of

the elasticity of the earth itself, and of the mobility of the ocean."

If the earth be considered first of all to be rotating as a homo-

geneous spheroid covered by an ocean of the same density as

itself, the axes of rotation and figure would of course be perfectly
coincident. By supposing a slight displacement of the axis of

rotation of o"'20 in the case of our earth, he estimates approxi-

mately one-fourteenth of this as the movement of the axis of

figure in consequence of the shifting of the ocean. As two-
sevenths are required by Mr. Chandler's results, "the ocean dis-

placement only accounts for one-lonrth of the difference." Since

the remainder must be attributed to the elasticity of the earth,

he inquires into the rigidity that our planet must have, so that

the displacement of the axis of figure may be two-sevenths that

of the axis of rotation : the result of the inquiry is to find that

a rigidity greater than that of steel must be assigned to it. The
effect of viscosity, he mentions, makes the normal pole move slowly
and continuously towards the revolving one, so that in time

they would meet if they were not acted upon occasionally by some

opposing forces. The pole of rotation, according to Chandler's

period, makes six revolutions in seven years, and Prof. New-
comb investigates the effect of an "annually repeated cause"
that might produce such a change in the position of the earth's

axis. This effect, as he points out, would be cumulative for one-

half the period of seven years, and as the displacement is small,
a comparatively minute disturbing force can be looked for. Basing
his calculations on Chandler's period, he finds that such an effect

can be obtained, for, "if the winters in Siberia and in North
America occurred at opposite seasons, we should have no diffi-

culty in accepting the sufficiency of annual falls of snow to

account for this anomaly."

RECENT ADVANCES IN PHYSICAL
CHEMISTRY}

TN its course of development from a descriptive into a rational

science, chemistry has, in a tolerably regular series of

changes, passed in turn through periods of more special and
of more general interest. While the gathering together of

empirical facts proceeds in quiet, steady work, little troubled

by minor and rapidly decided differences of opinion, it is regu-

larly noticed, upon the other hand, that more generalizing ideas,

brought forward for the purpose of a rational comprehension
and unifying of this material, obtain only in the rarest cases a

kindly, immediate reception. On the contrary, the reaction

which such things at first call forth is almost always a more or

less violent opposition, its precipitate is to be sought out upon
the filter of the scientific literature of the time, there coming
afterwards to our view, in the text-books, only the clear filtrate

of the pure results. This has scarcely ever appeared more

strikingly than in the fall of the phlogiston theory : the perio-
dicals and books of the last century resound again with the

strife of the opponents, and often enough were the moral qualities
of the newer party attacked when the opposed arguments became
threadbare ; whereupon from the attacked party a correspond-
ing reply was never lacking. The intellectual combat died

away but slowly, until the new territory was occupied in common
in peace and harmony. We have lived through a similar

experience in the change from the electro-chemical theory to

the substitution-theory, in the transfer from the idea of equi-
valents to that of molecular quantities, in the transformation of

the radical theory into the theory of types and structure. Even
the younger men among us remember the strong opposition
with which was greeted at its first appearance that idea of the

' Address delivered before the united Sections of Physics and Chemistry
at the yearly meeting of German Men of Science and Physicians at Halle,

September 24, 1891, by Prof. W. Ostwald, Ph.D., of Leipzig.

arrangement in space of the atoms in molecules, which now
occupies so many investigators.
So it is a bloody field, whose present condition I have under-

taken to represent to you to-day. Do not fear that I shall bring
the uproar of conflict into this hour of peaceful looking back-
ward and forward. I have rather called up these recollections

in order to awaken in you the consciousness that this strife,

which has indeed not been wanting in the more recent years of

the development of general chemistry, is no abnormal pheno-
menon, possibly called forth by an unusual inferiority of the

newly appearing general ideas or of their defenders, but that it

is only a question of the normal birth-pains which unavoidably
accompany the appearance of important generalizations.

But before taking up connectedly these newer and newest

things, it will be in place to cast a glance over the development
of those fields whose progress has been of a steady nature.

First, as concerns the atomic weights. The investigations
which have been carried on for some years by American ancT

English investigators
—Cooke and Richards, Morley, Lord

Rayleigh, Noyes, Dittmar, and others—upon the relation be-

tween hydrogen and oxygen, have not yet been brought to a

close. While most of the determinations have united to indi-

cate that the ratio of the atomic weights of these elements is

I to 15 '87, thus differing about 0"8 per cent, from the previously
assumed value i to 16 "oo, yet by means of a well-thought-out
method. Kaiser has found first 15 "945, while he has now just
announced that the most probable value is the old i to 16 'oo. It

is remarkable that the efforts of so many investigators to determine

this fundamental constant accurately to within one part per
thousand have not yet met with a generally-accepted success.

In this connection are to be mentioned the discussions, which
have been held upon the question as to the practical unit for the

atomic weights, whether 0=i6'ooor 15 '96 should be employed.
This is not the place to test the grounds adduced on both sides.

Perhaps it may be possible, with the present stricter organiza-
tion of our Society, to form a commission which shall subject
the question to a general examination, and which, by the stand-

ing of its members, shall be endowed with sufficient authority to

insure to its decision some prospect of general acceptance.
The question as to the connection and significance of the

numerical values of the atomic weights has made no progress
of importance since the fundamental researches of Lothar

Meyer and Mendeleeff. Indeed, speculations do not cease in

the direction given by the assumption of a compound nature of

the elements, yet I know of none for which I could dare

prophesy growth and development. Steady work in the

revision of the numerical values of the atomic weights has

been patiently prosecute(t, I need mention especially only the

close of the researches of the untiring Seubert upon the metals

of the platinum group ;
and we should recognize with great

thankfulness the devotion with which this work, so thankless in

itself, has been carried through.
No new elements of importance have come recently to light.

Although in the garden of the "rare earths
"
many a blossom

has appeared, there fail as yet any real fruits.

In the theory of gases the investigations continue according
to the general equation of condition {Zustandsgleichung), in that

the recognition is steadily breaking its way, that the nearest

entrance to the theory of liquids leads necessarily over the

critical point. The kinetic hypothesis, which was greeted in its

time with so much sympathy, and has enjoyed such careful

attention, is showing itself here essentially unfruitful, since the

two main principles of the theory of van der Waals, to which

the immediate future undoubtedly belongs, are independent of

the kinetic hypothesis. In fact, neither the assumption that

only the space which is not filled with the substance of matter

follows Boyle's law, nor the assumption that this matter pos-
sesses still some energy of reciprocal action, necessitates any
definite representations whatever in the sense of the kinetic

hypothesis.

Among the experimental researches upon these relations are

especially to be mentioned those of Ramsay and Young. The
relation determined by them, that within a very wide range the

equation p[v
-

b) =/T is true, or that the co-volume, b, is

independent of the pressure, is one of the few general facts

which are leading us to a more accurate knowledge of the general

equation of condition. .

In solving the task of finding a theory of the liquid condition,

we shall have to seek other properties, which show themselves

to be here subject to the more simple laws. As yet but few
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such have become known, and still fewer have been consirlered in

this manner. In addition to the above-mentioned result of Ramsay
and Young, there claims attention one discovered by the Hun-

garian physicist Eotvos, according to which the molecular surface

energy, as expressed by the product of the capillary constant

and the frd power of the molecular volume, is shown to be
a linear function of the temperature. Since the surface eneri^y
stands in closest connection with the energy of interaction, by
virtue of which the substance of liquids, in contrast to that of

gases, assumes its own proper volume, and to which is accord-

ingly due the characteristic existence of the liquid condition, it

becomes at once evident that here certainly a means of access to

the theory of the latter is afforded. This means may be ex-

pected to lead more rapidly to the goal than the methods
hitherto almost exclusively tried, based upon a relation between

volume, temperature, and pressure.
The stochiometry of the liquid organic compounds, founded

by Hermann Kopp, has enjoyed likewise a steady development.
\VhiIe the question of the boiling-point seems to be essentially

postponed until the general theory of liquids becomes known,
yet that of the molecular volumes has reached a stage which

already assures the prospect of a successful period of develop-
ment. The additive scheme, proposed by Kopp as a first

approximation, according to which the molecular volume is the

sum of the atomic volumes—a scheme whose insufficiency Kopp
himself had shown in the case of oxygen—determines only the

roughest outlines of the phenomenon in question. Other factors

make themselves everywhere felt ; as was shown by Kopp
for oxygen—that the portion of the molecular volume due to

it can assume different values according to the function of this

element in the compound, i.e. according to the constitution

of the molecule—so the same holds for the other elements. An
essential difference between univalent and bivalent elements is, in

this respect, not present : ethylene and ethylidene chlorides

have different molecular volumes, although they both contain

saturated carbon atoms, and, in addition, only univalent

elements.
We must, accordingly, more than ever before, recognize the

molecular volume as a constitutive property. This recognition
removes at once the firm barrier to which the additive scheme,
greatly against the will of its originator, had hardened. In vain
had been for so long striven to force the facts into this form

;

ever and again their living body would not fit upon the wooden
cross. Now we see that this undertaking was necessarily in

vain : we begin to comprehend that methyl alcohol must be
more different from ethyl alcohol than ethyl alcohol from propyl
alcohol

; and that these two, again, must stand in a different

relation than do propyl alcohol and butyl alcohol, although each
time the "same "

difference of CH._, is at hand—that there are,
in short, no two pairs of compounds whose differences are entirely
the same.

Now, it is quite dependent upon the nature of the property
considered, in what relation the additive foundation stands with
the modifying effect of constitution. With the molecular volume
the first is comparatively superior ;

with the boiling-points, how-

ever, the latter make themselves to the most superficial observation
so energetically felt that, since the attempts of Schroder, Lowig,
and others, which over fifty years ago failed to carry through the
additive scheme for the boiling-points of organic compounds,
this line of effort has been definitely given up. The other pro-
perties which have been studied fall between these two limits.

This holds especially for the molecular refraction. Just as

Buff had earlier shown that "double bound" carbon possesses
a greater molecular volume than does saturated carbon, it

has been demonstrated by Briihl that a similar relation holds
for the molecular refraction. This influence of constitution is,

however, not the only one ; a similar inference has been shown
for oxygen and likewise for chlorine, and it has been repeatedly
shown that, even if approximately additive laws be followed

among the higher members of homologous series, yet these do
not apply for the first members. This is necessarily so, as has

already been shown in discussing molecular volumes.
The magnetic rotation is a property of much more strongly

marked constitutive character than are molecular volume and
molecular refraction. We possess here most excellent inves-

tigations by Perkin, which have often been found of service in

determining questions of constitution.

In relation to the connection between the different properties
of substances a fruitful line of thought has been carried out by
Philippe-Guye. As is known. Maxwell had derived a definite
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relation between the coefficient of refi action and the dielectric

constant, from his wide-reaching speculative investigations,
which latter had yielded a complete analogy of the mathematical

expressions for electrodynamical and optical action at a distance,

together with an approximate equality of the fundamental con-

stants, and which have been finally made fruitful by the brilliant

experimental investigations of Hertz. This dielectric constant
is in turn, according to an expression due to Clausius, a simple
function of that fraction of the total volume of a dielectric which
is occupied by the actual material substance (considered as con-

ducting). But this so called true molecular volume is, finally,

nothing but the co-volume in the equation of Van der Waals.
There is accordingly to be expected a close connection between
the critical constants and the molecular refraction, and Guyehas
shown that the expected connection actually exists.

Although spectrum analysis, with its manifold applications, has

for years had almost no rational development, it has recently taken
a quite promising start in the stochiometric direction. The theo-

retical and experimental researches of Balmer, Deslandres, Julius,

Rydberg, Kayser and Runge, and others, indicate already that

the time is not far distant when there shall be simple and intelligible

regularities in this field, which until now has been so overgrown
with unfruitful hypotheses. Only upon one point I wish at this

opportunity, as a chemist, to direct the attention of the physicists.
It is held as an undoubted dogma that at the highest tempera-
tures, as, for example, in the electric light arc, all compounds
must be dissociated into their elements. This view is certainly
not justified. What we do know about the stability of com-

pounds is, on the contrary, that all compounds which are formed
with absorption of heat become more stable with rising tempera-
ture, and the reverse. Because the majority of the compounds
known to us are formed from the elements with evolution of

heat, and correspondingly become more unstable with rising

temperature, the conclusion has been drawn that this is in

general the case. But if we reflect that cyanogen and acetylene,
two compounds formed with great absorption of energy, are

readily formed in quantity, at the highest temperatures, in the

blast furnace and in the Davy arc light, we become conscious

that the spectra occurring at high temperatures may, under

proper conditions, belong to compounds which, formedu with

great absorption of energy, may have a fleeting existence con-

fined to those temperatures only. From this point of view,

many difficult facts of spectroscopy and spectrometry would have
some prospect of a proper interpretation.
At the extreme boundary of the optical properties, towards

the side of the constitutive character, stand finally colour and
rotation of the plane of polarized light. Although the first

property is decisive for one of the most important branches of

technical chemistry, the dye-stuff industry, still but little is

known as yet about the connection of colour with composition
and constitution. The investigations of Kriiss, Liebermann,
and more recently Vogel, all indicate that the property is in

great measure constitutive, becoming additive only within the

narrowest limits of closely-related compounds. This renders

correspondingly difficult a recognition of the connections at

hand. Some time later, on the contrary, directly on account of

this marked constitutive character, the colour will be an im-

portant aid in the determination of constitution ; at the same

time, when we shall have learned to recognize this connection

with some certainty, the discovery of new dyes with definite

properties will be no longer a matter of a lucky hand and of an

unconscious feeling for this connection, but will rest upon just

as broad a basis as, for example, the technicof the metallurgical

processes.
The constitutive character of the rotation of the plane of polari-

zation has been always known and recognized. Since van 't Hoff
and Le Bel, twelve years ago, pointed out the connection

between this property and the presence of an "asymmetrical"
carbon atom, i.e. one joined with four different elements or

groups, this idea has, at first slowly, then more and more

rapidly, had an important development. For the "optical

symmetry
" shown by Pasteur in the tartaric acids, the ex-

amples have become more and more numerous; the researches

of Wallach on the ethereal oils have especially furnished

valuable material. The presence of optical activity is now held

as an entirely undoubted proof for the presence of asymmetrical

carbon, and Le Bel has just announ.ed that he has succeeded

in the preparation of optically active nitrogen compounds con-

taining an asymmetrical nitrogen atom.

The investigator whom we have already mentioned, Philippe-
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Guje, has made a remarkable attempt to find laws for the
nunierical values of the molecular rotation, by giving to the

asymmetry of the carbon atom a numerical measure de-

pendent upon the masses joined thereto, and, in cases of

analogous compounds, comparing this with the values for the
molecular compounds. While this attempt has been well

supported by a number of older measurements, especially those
of Pictet on the esters of the tartaric acids, yet his own deter-

minations on the active amyl derivatives have not indeed fur-

nished much very favourable evidence. He has not overcome
the difficulties of obtaining pure material, and certain facts were
observed contiadictirg the assumption that the sense of the

asymmetry is due to the masses added. It is not improbable
that this difficulty will be overcome by placing the optical
moment, if I may be allowed the expression, not proportional
simply to the mass of the atom ; there is rather to be suspected
a connection with the atomic refraction.

We turn now to a field whose development belongs entirely
to the last few years, to that of sohtiions. If we call to mind
the old saying, Ccrfora non agunt nisi Jltiida, vel sohtta, vie

perceive at once the very grtai importance of the field
;

all

rational knowledge of chemical processes must be preceded by
a corresponding knowledge of the condition of dissolved
substances.

I do not need to remind you that van 't Hoff's discovery of
the identity of the laws of gases with those of dissolved sub-

stances, is to be characterized as the greatest step forward which
has been made in this direction. If we reflect that the de-

velopment of the molecular idea, which rules the chemistry of

to-day, is most decidedly based upon the laws of gases in their

simple form, we recognize at once that all the important rela-

tions which have been here found can be directly transferred to

the domain of solutions. The latter has, however, at the same
time, far more varied possibilities in the form of its phenomena.
While in the case of gases only two of the variables, pressure,
volume, and temperature, are independent, there is present for

solutions the manifold infinity of the non-miscible and partially
miscible solvents. To this is due the appearance of a great
number of new formal and numerical relations for solutions,
even under assumption of the simplest form of the governing
laws, whereby a rich field of inexhaustible fruitfulness is made
accessible to investigation. In fact, after this advance by van 't

Hoff, the theoretical investigations of Planck, Riecke, Lorenz,
van der Waals, and Bollzmann, as well as the progressive com-
bination of theory and experiment by Nernst, have shown how
varied and valuable are the results to be gained, results whose
details I am here compelled to omit.

I wish, at this opportunity, to call attention to one particular
point. I have already mentioned that the way to a rational

theory of the liquid condition leads from the gases, through
their variation from the simple gas laws, and through the
critical point, whose constants express in especially simple form
the individual properties of the kind of matter in question.
Now it is to be expected from the theory of solutions, and it

has been demonstrated in detail by O. Masson and W. Ramsay,
that upon transition from a dilute to a concentrated solution we
observe entirely the s-ame phenomena that appear when the
volume of a gas is diminished

; there is here also a critical

state with its corresponding constants. We thus have here a
second way to a theory of the condition of pure liquids, which,
by reason of the greater variety of the phenomena, is a far more
difficult one than is that first named, but which, however, may
in many cases be of assistance wheie the other fails.

While the already discussed parts of the newly-opened terri-

tory are mainly those problems with which physicists have
concerned themselves, still its study has not been less fruitful

for chemistry in particular, especially for organic chemistry.
To the above-mentioned variety of the relations here present
corresponds an equal variety of the methods of determination of
that roost important constant, the so-called molecular weight of
dissolved substances. Since the tireless Raoult had shown years
ago, in a purely empirical manner, the application of the proper-
ties of solutions to this purpose, it was reserved for the theory of
van 't Hoff to discover the rational basis of these relations, and
thus for the first time to give to wider circles of investigators a

feeling of security in the making of such molecular weight
deteiminations. Especial seivice has been rendered by E.
Beckmann in the technical development of these methods ; and
the Beckmann freezing apparatus and boilirg apparatus form at

.present just as necessary and much used a part of the equipment

of a lahoiatoiy as formerly the Hofmann apparatus for deter-

mining vapour densities.

It has naturally come to pass that, together with the suddenly
increased range of molecular weight determinations, our views
of the nature of this quantity and of the therewith connected

question of valence have undergone a corresponding change.
The conception had become gradually rather dogmatically rigid :

it was understood to require for each substance only a single
absolute molecular weight, the variations observed, for

example, in the case of acetic acid, being characterized as

anomalies. Molecular weight determinations in solutions have
shown that such variations are so extended, and, at the same
time, occur so regularly, that they may no longer be pushed aside

as anomalies. It is therefore at present generally recognized
that a substance may quite well have different molecular weights,

standing in the ratio of simple multiples, the most important
weight for the chemist being of course the smallest of them.
The consequences connected with van 't Hoff's discovery

being so important and wide-reaching, they have had in general
a friendly reception, although a few scientific men— not of the

highest rank—fearing the little plants cultivated by them to be en-

dangered by the flood of light falling upon them, have attempted
a slight resistance. On the contrary, all the uneasiness which is

unavoidably connected with important revolutions has been
directed against a second idea, which, appearing somewhat later

than that of van 't Hoff, removed a fundamental difficulty in

the theory of solutions, which had until that time made its

acceptance impossible for me. This idea has at the same time

shown itself as an aid to investigation to be of unexampled
sweep and value. This is the theory of electrolytic dissociation,
of Arrhenius.

It is certainly to be presumed that the fundamental idea of
this theory is generally known. In the aqueous solutions of the

electrolytes, the salts, acids, and bases, a greater or less propor-
tion of the dissolved molecules are regarded as split up into

electrically charged constituents or ions, which exist in the solu-

tion indepently of one another in the same manner as the partial
molecules of a dissociated gas. If the van 't Hoff theory be

admitted, it must be admitted that in a solution of sodium

chloride, for example, almost double as many individual par-
ticles or molecules are present as in a corresponding solution of

sugar or urea of the same formula weight. The experimental
connection of these variations with the fact and numerical
amount of the electrical conductivity, first discovered by
Arrhenius, and which cannot be denied, furnishes the basis

for the second part of the theory of Arrhenius, the assumption
of electric charges upon the separated molecular constituents or

ions. If now these fundamental ideas are accredited, the re-

mainder follows with directly evident necessity.
The significance of these views becomes apparent upon con-

sidering the quite astonishing range of phenomena in the most

widely separated parts of physics and chemistry which have
received explanation from the theory of Arrhenius in connection
with that of van 't Hoff. It is simply impossible in the limits

of this address to even enumerate these single applications ;
I

shall, as I think, do better by treating the question from a more

general standpoint, and, without speaking in particular of each
advance made, sketch in rough outline that field in which
both theories have brought or will bring decisive explanation.

Let it be first called to mind that the laws of dissociation

were already earlier derived thermodynamically for gases. If,

then, in the field covered by Arrhenius, the question be one of

dissociation, and the laws of gases do, according to van 't Hoff,
hold for dissolved substances, it follows that the entire theory of
the chemical affinity of electrolytes must be yielded by the applica-
tion of those laws of dissociation. This means nothing less than
that the problem of chemical affinity is in reality solved.

The conception of chemical affinity is to be understood to

reach so far as to include all phenomena caused by the so-called

inner energy of bodies. It includes, then, not only the pro-
cesses especially termed chemical, but also those of vaporization
and solution without exception as well. If it be wished in the

latter case to preserve the ever emphasized but still unclear dis-

tinction between "chemical" and "physical" processes, to the

former may be reckoned those processes in which electrolytic
dissociation comes into question, and to the latter those in which
this is not the case. Thus, the dissolving of oxygen in water is

in this sense a "physical," that of hydrochloric acid in water a

"chemical," process. But this distinction is secondary: it is

expressed only in the greater complication of the corresponding
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formulae
;
the fundamental equations remain everywhere the

same. In other words, the question is one of the theory of all

conditions whereby heterogeneous substances or heterogeneous

phases of the same substance have assumed, after reciprocal

influence, a condition of equilibrium independent of the time.

The general theory of these conditions has been developed by
J. Willard Gibbs sixteen years ago ;

a German edition of this

magnificent and incredibly many-sided investigation is at present
in the press. Through van 't Hoff and Arrhenius we are placed
in a position to insert in the equations of this man of science, which
contain necessarily a great number of yet unknown functions, the

expressions for these functions, together with the numerical

constants, and to thus solve the problem numerically from case

to case.

It must, however, be borne in mind that the functions in

question, expressing as the sum of its single forms the total

energy of the system considered, are yet known only for the

cases of gases and dilute solutions, i.e. for the cases where the

inner energy has become independent of the volume. As far as

the knowledge of the equation of condition reaches, extends
the possibility of mastering the heterogeneous conditions and
chemical equilibria. And we see at this place how the different

parts of general chemistry reach to one another the hand ; the

solution of the problems which were mentioned in the first part
of this address is also, for that just discussed, the unavoidable
condition of progress.

But with the range just measured off, great as it is, the limits

of the province of the van 't Hoff-Arrhenius theory are not

yet reached. The dissociation discovered by Arrhenius is

an electrolytic one. Accordingly, the immense number of

phenomena, in which the electrically charged ions participate,

belong likewise with those which here receive a new light.
The question as to the source and maintenance of the electrical

j

energy in the galvanic elements, as to the conduction of current

in electrolytes, as to the meaning of galvanic polarization, are

only single points in this field. Electro-chemistry in the widest

sense, and, indeed, as much so that part which is concerned
with essentially electrical questions as that which studies chemical

questions, has already received most valuable furtherance from
our theory, and has yet more in prospect.

It is natural, as against this exposition, to propose the question
how the theory of van 't Hoff and Arrhenius has responded to

the requirements which have been made upon it in a so extra-

ordinarily wide-reaching and varied manner. Since I belong to

the few who make use of this aid in their investigations, I must

freely confess that my judgment in this matter may be looked

upon as subjective ; but since, on the other hand, I hold to both
theories unfortunately, not the position of a father, but only that

of an uncle of rather distant relationship, you may trust me that

at the time of first meeting them I was rather inclined to repel
than to greet them. I can then only personally declare that

no scientific idea produced in my time has assisted me in such
measure as has this one, and that I have further gained the im-

pression that the great scientific fields named have received

likewise unusual furtherance from this idea. In particular the

extraordinarily manifold and severe test which lies in the

numberless numerical consequences of the theory in all possible

fields, has yielded such a number of confirmations that the

relatively rare cases where the unprejudiced decision was
"insufficient" entirely vanish. Naturally must not be con-

sidered the judgment of those who, with insufficient qualifica-

tions, set themselves up as judges, who do not attempt to test

the theory, but only to refute it. The misunderstanding and
false conceptions from which such "refutations" proceeded
have been in fact of such kind that thereout no real progress,
which is the end of every scientific undertaking, has resulted.

I hasten to close. The concise review of the working ground
of general chemistry, which I have just attempted to give, shows
to what great extent chemistry has made use of physical means
to solve her problems. It is, therefore, not especially necessary to

urge my chemical associates that they should follow up the study
of physics and acquire the necessary mathematical knowledge.
It is cared for at many Universities by the more far-seeing
teachers of chemistry, that this indispensable knowledge is

made as accessible as possible to our youths, and my personal
experience has shown me that such opportunities are gladly and

profitably used.

But the reverse does not present so favourable an aspect.
The science of physics requires for its extension and develop-
ment exhaustive chemical knowledge in many directions. All
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phenomena in which the special character of matter comes into

question require for their study an extended knowledge of just
this character, i.e. chemical knowledge. And I cannot avoid

complaining that in this direction too little is done. In the
niore recent physical literature, I have met not seldom chemical
views, which were, in short, fearful, and which gave to the

interpretation of the observed phenomena an entirely false
direction. The physicist is only too inclined to consider

chemistry as an interior science, of which he know^ a j^reat suffi-

ciency if, in the early part of his student life, he has once heard
its lectures. Nothing can be more wrong than such a view. By
reason of its richer and more special store of facts, chemistry
really remains behind physics in it^ development into a rational

science, and it will ever so remain, in the same way as phjfsics
remains behind astronomy or mathematics. But directly for this
reason the beginning of the student years is the only time in
which to become acquainted with the varied details of chemical
phenomena, and to take up the enormous range of experienc2 here
offered. For, according to experience, the physicist never learns
them later. The history of our science points out a number of
men, who, from chemists, have become physicists of high rank ;

I need name only Regnault, Faraday, Davy, Magnus, Hittorf.
But I cannot name a single man of science who, after having been
trained as a physicist, has made one purely chemical discovery
of importance, for it never occurs that a physicist later learns

chemistry. The great range of empirical experience can only
be incorporated into the memory at a time when the latter is

fresh, and it is usually already too late but a few semesters after
the student life has been begun.

I can, therefore, not urge my physical colleagues enough :

send your students at first for a few semesters into the chemical

laboratory. We chemists must indeed do our part, in suitably
rearranging the laboratory instruction

; the practice in qualita-
tive analysis should, in particular, be greatly cut down, and in
its place preparative work in its widest sense, together with the

typical forms of quantitative analysis, should be taken up. But
since the same requirements are to be made upon the education
of the future teacher of the natural sciences and mathematics in
the Gymnasia and Reahchulen, it will not be difficult to soon
find the methods best adapted for the chemical education of all

non-chemists, without injuring the immediate purpose of the
chemical laboratories—the training of chemical specialists.

THE GENERAL CIRCULA TION OF THE
A TMOSPHERE.^

TF the question of the general circulation of the atmosphere*• were referred to a meeting of educated people, one might
be sure that ninety out of a hundred who could give any answer
at all would explain it by the time-honoured equatorial and polar
current

;
if anyone initiated in the subject sat near, one would

observe a pitying smile upon his lips, and, if asked for his

opinion, he would relegate that current, of sacred memory, to
the region of the fables, or at most only allow it to hold sway,
with certain limitations, in the tropical and sub-tropical zones,
the region of the trade-winds

; the temperate and cold zones
however would be reserved for the dominion of the variable
winds, and of newly arisen cyclones and anticyclones, of which
we cannot tell whence they come and whither they go, i.e. for
the origin and disappearance of which we cannot lay down any
laws. And if there were several of these initiated persons present,
a discussion would at once occur, from which no one could obtain
a clear idea, and which would leave everyone with the impression
that nothing certain was known about the subject. I suppose
that you have been present at such a discussion, and have appealed
to me to explain to you the present state of our knowledge of
this subject.

I undertake this task the more willingly, since the question
of the general circulation of the atmosphere has but recently
entered upon a new stage, which marks a great step towards the

complete solution of the question, and becanse it is very desir-
able to obtain as wide a diffusion as possible for this theory
which corresponds to the present state of the science.

In this question especially, as in many others, the history of
the development is exceedingly instructive, and of the greatest
value in aiding a comprehension of the subject. I propose,
therefore, that you should follow me through the different stages

' Translation ofa lecture delivered by Dr. J. M. Pemter before the Scientific
Club in Vienna.
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which the explanation of the general circulation of the atmo-

sphere has undergone ; little or nothing more will then be

wanting in order to understand the answer to the question at

issue.

Dove was the first person who advanced a theory of the gene-
ral circulation of the atmosphere after meteorology took a place

among the exact sciences. He considered the question from a

high and correct stand-point, because he considered the atmo-

spheric envelope of the earth as a whole, which received its

motion fronr the sun, the universal motor. According to his

theory, the explanation of the general circulation of the atmosphere
took the following form :

—
The heat of the sun is not uniformly distributed over the

earth's surface, but decreases from the equator to the poles.
The greatest heat occurs at the equator, and the least at the

poles. The air which is greatly heated at the equator must

consequently rise, an ascending current must be developed there

(the celebrated coiirant ascendant). The zone of calms is the

region of the ascending air current. The air carried upwards
must flow away above towards the poles, while, owing to the

rotation of the earth, it endeavours to deviate to the right ; the

equatorial current is originated as an upper south-west wind, in

the higher strata of the atmosphere. The flow of the upper air

towards the poles is compensated below by the flow of the air

towards the equator, and this polar current seems to be turned

away towards the west owing to the rotation of the earth
;

it

appears on the earth's surface as a north-west wind, and blows
as far as the zone of calms, where it ceases, and the air brought
with it is carried upwards in the ascending air current, where
the circulation then begins afresh.

You see that this theory leads to a circulation of <he

air between pole and equator. The air rises at the equator
and flows towards the poles, in order to descend there

and to flow again towards the equator. But Dove states

expressly that the equatorial current partially descends, even
in the temperate latitudes, down to the bed of the polar
current. If this happens, and according to Dove this continually

occurs, then both winds, the equatorial and polar currents, begin
the conflict for the mastery. The variable winds of the tem-

perate zone arise out of this conflict, and Dove deduced there-

from his law of wind gyration. The description which he gave
of this conflict of the opposing equatorial and polar currents is

a thoroughly masterly picture, and it is in a great measure

owing to this elaborate completion of his exposition that his

theory of the general circulation of the atmosphere and his law
of wind gyration were accepted by scientific men. The reader

is carried away by it as if he were present at the conflict of the

winds in bolus's mythological cave, and he is inclined to believe

that science verifies the ancient mythology so far as regards the

lower latitudes. Dove's theory found an actual support in the

trade-winds, and in the law of wind gyration which generally
obtains in Central Europe. In fact, in our regions, the wind
rotates very frequently from east through south to west and north.

Dove's explanation of this, the conflict of the equatorial and polar
currents must have appeared to be correct as long as no more
serious investigations existed.

Since 1863. weather telegraphy and synoptic weather charts

have led to the discovery of the baric wind law (Buys Ballot's

law), and the position was at once charged. We learned that

the winds depend upon the differences of pressure which prevail
over the region under consideration, and that they circulate round
the place of lowest pressure ; i.e.^ with us, they flow to the place
of lowest pressure, in spirals opposite to the movement of watch
hands.

It was now said that the cause of the winds in our latitudes

was not the great heating of the air at the equator, but the dif-

ferences of pressure which were formed in the temperate zone.

The law of wind gyration also became untenable. It was found
that the swirls which arose about the place of lowest pressure do
not stand still, but move, and it was seen that Dove's law of

wind gyration for places which lie northwards of the tracks of

these sw iris does not hold good, in fact that the rotation is exactly
the reverse.

The reason why Dove's law of wind gyration mostly holds

good in Germany and Central Europe, was found to be that the

tracks of the swirls almost always lie to the northwards of Central

Europe, and therefore the law must hold good there. But as

often as a swirl moves more southwards all places in Central

Europe which lie to the north of it have a wind rotation which is

opposed to Dove's law.
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The equatorial and polar currents, so far as regards the higher
latitudes, were thus driven off the field, and the conflict between
them, so beautifully described, was again relegated to the

mythical cave of ^olus. As it was feared that the w heat might
be thrown away with the chaff, it was wished that the equatorial
and polar current should be banished from the higher latitudes

altogether, but left, in a more limited sense, only in the regions
of the trade-winds^between the zone ofcalms and about 30" north
and south latitude ; for here it was clear that Dove's theory held

good. People unceremoniously denied the right of the polar
current to blow beyond the 35th parallel, for in this latitude,
as observations show, a band of high pressure encircles the whole

earth, while from there the pressure decreases both towards the

equator and the poles. But according to the baric wind law the

wind can only flow from a place of higher to one of lower pres-
sure ;

the air can therefore only flow from the 35th parallel
towards the pole, and not the reverse. The polar current was

thereby banished without mercy from the higher latitudes. The

equatorial current fared somewhat better in the upper regions.

Many persons allowed it to remain in a small degree, especially
those who recognized the accuracy of the calculation according
to which in the higher atmosphere, about 4000 m. and over,
the pressure decreases from the equator to the pole. But very
few persons knew what to make of this equatorial current ia the

upper regions, and so at all events it was little regarded. Gene-

rally speaking, the regime of cyclones and anticyclones was
established for the higher latitudes, and people were completely
absorbed in investigating the details of their qualities and tracks,

without having hitherto succeeded in obtaining a satisfactory

explanation of their origin and development. With regard to

the propagation of cyclones, it was observed that with few ex-

ceptions they advanced from the westward to the eastward.

Gradually, opinions became general that it was the south-west

and west wind of the upper regions which brought the cyclones
with it

; some persons explained this west wind in the upper
regions as the equatorial current. But, on the whole, the general

opinion of this period favoured the rejection of Dove's polar and

equatorial current, and the explanation of all winds by the pre-
valent differences of pressure, without being able to account for

the origin of the latter.

Dove was of an excitable temperament, and he strongly com-
bated these new views, and laid too much weight on the defence

of the defective portion of his theory. His contest was fruitless,

and only caused him to be accused with some justice of hindering
the progress of meteorology by his great authority. Dove at

length remained silent, and the funeral anthem of the polar and

equatorial current was then chanted.

Miihry, a well-known meteorologist of the Dove school, sur-

vived him, and constantly raised his voice in favour of Dove's

equatorial and polar current ; he attentively followed the pro-

gress of meteorology until his death, a few years ago, and the

way in which he frequently warned meteorologists against entirely

excluding the equatorial and polar current from their consider-

ations is quite stirring. He was continually trying to turn

attention to it, but with him disappeared the last defender of

Dove's theory.
But while meteorologists were almost exclusively concerned

with the details of the phenomena offered by cyclones and anti-

cyclones, and almost lost sight of the great problems which the

consideration of the general circulation of the atmosphere afford--,

a revolution was being prepared, at first only individually, but

gradually more generally, which disposed minds to the more
favourable consideration of the general movements of the

atmosphere.
More than thirty years ago, Ferrel, the great American

meteorologist, was occupied with the question of the general
circulation of the atmosphere. He developed its laws in a

mathematical form, and arrived at the following theory :
—

Three great zones of calms exist round the earth, one at the

equator (or near it), usually called the calm-belt, the second and

third 35° north and south of the equator, the so-called
" horse-

latitudes." Between the calm-belt and the horse-latitudes, the

north- east or south-east trade-wind prevails at the surface of the

earth, and in the higher regions above them the anti-trade

(south-west or northwest). In the calm-belt, in which no other

than an ascending movement of the air exists up to the greatest

heights, an upheaval of the air occurs, and in latitude 35° a

descent of the same. Northwards of 35° N., and southward

of 35° S., south-west and west winds prevail both at the earth's

surface and at great altitudes, while at a mean height a return

J
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north-westerly current prevails. The heat of the sun, or dif-

ference of temperature between equator and pole, is the cause of

this general circulation of the atmosphere, as Dove maintained;
the deviation of the wind from the direction of the meridians

arises from the rotation of the earth.

This whole theory of the circulation of the atmosphere, which
Ferrel deduced by mathematical means, differs considerably
from Dove's, but shows that Dove's fundamental idea was sound
and worthy of respect.

Ferrel's investigation certainly remained long unknown in

Europe, and when at length it became known, it was only
received with a purely theoretical interest. It seemed to have
no connection with the present almost exclusively interesting

question of the origin, development, and propagation of cyclones,
and so it was in fact set aside ; although from that time people

frequently referred to it, and began to pay more attention to the

currents of the general circulation. But it was only in 1885 that

Sprung in his treatise on meteorology could write :

" And so the

conviction is now often expressed that we have gone too far in

accrediting the individual systems (cyclones and anticyclones)
with the sole control over the motions of the air in higher lati-

tudes
"

;
and he then sets up a system of general circulation based

on the same principles as those of Ferrel. Sprung's system cor-

responds tolerably well to Ferrel's, but he also finds in the trade-

wind zone that the wind direction at a mean height deviates from
the direction of the trade, namely south- east, over the north-east

trade-wind. At great heights the westerly winds prevail from
the equator to the pole, without passing to calms in the horse-

latitudes. At the equator there exists an actual conical calm-

zone pointing upwards, in which only ascending air-currents

prevail up to the highest altitudes.

Although, owing to the esteem which Sprung's treatise every-
where found, this theory of the general circulation of the atmo-

sphere continued to spread, it did not arouse great interest,

because it did not take special account of the influence of these

general currents on the formation and propagatioQ of cyclones,
which justly continued to attract the most general attention.

This influence of the general atmospheric circulation was first

insisted upon by the celebrated physicist and mechanician,
Werner Siemens, in 1886. He considered the origin of the

genera! circulation of the atmosphere from the great and fruitful

principle of the conservation of energy.
Siemens introduced his far-seeing considerations with the

remark that, even if Dove's theory of the general circulation of

the atmosphere, which consisted of the ascending air-current at

the equator, and the development therefrom of the equatorial
and polar current with its conflicts for mastery in the temperate
zones, were defective, yet this explanation was at all events more

satisfactory than the "present almost exclusive reference of the

motions of the air in higher latitudes to minima and maxima of

pressure." He rightly asks that the seat of the forces—which

accumulate, in a manner that is not at present evident, powerful
energy in the cyclones and anticyclones which produce storms
and whirlwinds—and the point of their attack may be indicated.

Siemens makes no new assertion when he attributes all the

energy which occurs in cyclones and anticyclones to the heat
of the sun, but he discusses in a new and very noteworthy
manner the way in which the sun's heat produces the storms of

our latitudes.

Siemens explains the general circulation of the atmosphere
according to the following principles :

—
(i) Without the heat of

the sun the earth's atmosphere would be in a state of relative

repose, i.e. it would everywhere rotate with the angular velocity
of the earth's rotation ; we should have no winds, (2) In reality,
the earth and its atmosphere are unequally heated, most at the

equator and least at the poles ; consequently, air currents must
arise from the equator towards the poles. (3) The energy which
is accumulated by the rotation of the atmosphere about the

earth's axis must, however, remain constant and unchanged ; the

theory of the conservation of energy requires this. If, therefore,
a continual change of the geographical position of masses of air

takes place through equatorial and polar air currents, it must
take place so that the velocity of rotation of the whole atmo-

sphere remains unchanged. This is only the case when the

velocity of rotation of the whole atmosphere over lower latitudes

lags behind that of the earth, but in higher latitudes out-

strips it.

It is evident from this that anywhere in middle latitudes, both
north and south, there must be a belt round the earth where
neither a retardation nor an acceleration occurs, i.e. where the

air is in relative repose with regard to the earth, Siemens
calculates the position of this belt to be at latitude 35°.

According to Siemens, therefore, we have the following system
of air circulation :

—
Between latitude 35° N. and 35° S., the general movement of

the atmosphere is directed towards the west, i.e. east winds

constantly prevail there in all latitudes and at all heights. In

the vicinity of the equator, where north-east and south-east

trades meet, an interference occurs at the surface of the earth,
which produces the calm-zone, but it does not reach to any
considerable height. In the higher regions above the calm-zone,
an east wind must likewise prevail.

In the higher latitudes, therefore, northward and westward of
the 35th parallels, the general movement of the atmosphere
must be directed towards the eastward, and west winds must

generally prevail in these latitudes.

Now, what do direct observations say to this system of the

general circulation of the atmosphere ?

There is no doubt that between the 35th parallels an easterly
air current prevails, viz. the trade-winds. It is also known that

west winds prevail in the higher latitudes, and in the southern

hemisphere they blow almost uninterruptedly. But Siemens's

theory is not to be considered as proved by these general facts,

although they are fully borne out in Ferrel's and Sprung's

explanations ; we must examine what is new in it more closely.
Siemens's exposition requires an easterly air current at the

equator, and even in the upper regions above the calm-zone.

Does this exist ? Until a short time ago, it was undoubtedly
the general opinion of meteorologists that the calm-belt was a

zone of actual calms up to the highest altitudes, and that only
the slowly ascending current prevailed there ; in the vicinity of

the calm-zone, the trade-wind blowing below ought to rise, and
with increasing height gradually assume a poleward direction,
to appear soon as an upper south-west trade-wind. This theory,
which had become rooted by custom and time, was upset by
Siemens : between the 35th parallels there are only easterly
currents—the strongest and most purely easterly over the calm-

belt, and decreasing continually towards latitude 35° ; in the

upper regions, on approaching latitude 35°, these currents come

continually more from the south, and at the earth's surface more
from the north. This was then a serious revolution in the

theory of the general circulation of the atmosphere, which even
the great authority of Siemens could not carry through without

further experimental proofs. He had not reduced his investiga-
tions to a mathematical form, and so his theory, notwithstanding
the great respect due to his name, would with difficulty have
obtained greater success, if facts had not recently become known,
which appeared to confirm it.

It is known that after the Krakata~o eruption, in the year 1883,
the opinion was expressed that the frequent coloured phenomena
of the sun in the tropics and the long evening glows were re-

garded as consequences of this eruption. The spread of these

phenomena in the first ten days after the eruption was such that

we were obliged to assume that the dust-haze thrown out had
travelled round the earth in about twelve days from east to west ;

for the explanation of the diffusion of these phenomena, a

violent easterly wind was required in the upper regions of the

atmosphere in the vicinity of the equator. For a long time it

was this easterly wind which threw doubt upon the whole

hypothesis of the unusual appearances which were referred to

the Krakatab eruption. But Siemen's theory of the general cir-

culation of the atmosphere was thereby confirmed. It appeared,
however, as if here two hypotheses happened to mutually support
each other, and it was a long time before on the one hand the

Krakatab hypothesis, and on the other Siemens's theory, were

regarded as established.

This theory found however further support
—on one hand in

the observations of the motion of high clouds by Abercromby,
and on the other in the mathematical establishment of Siemens's
statement by Oberbeck.

In 1885, Abercromby, during a voyage from Aden to Australia,
had observed that in the neighbourhood of the equator the

cirrus moved from the east. He was much surprised at this,

and wrote: "The discovery of an easterly current over the

north-west monsoon is not only altogether new, but also quite
anomalous." He thought this so important, that he undertook
another voyage from Mauritius to Bombay, in order to clear up
the matter. The result of his further observations is couched in

the following terms : "I may point out another very important
result of these observations—namely, that the highest air
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current between the equator and the doldrums is always from

some point near east." ^

Here, then, was another actual confirmation of Siemens's

theory. Two facts—the diffusion of the Krakatab dust, and

Abercromby's observations—supported Siemens's theory of air

circulation, yet doubts were not quite removed. Voices were
loud against the Krakatab hypothesis and against Abercromby's
observations, which allowed another explanation to appear

possible. Meteorologists delayed mostly to accept Siemens's

theory, because a theoretical, mathematical establishment of it

was still lacking. But this was given, as before observed, by
Oberbeck, a year or so ago. He arrived at formulae by which
Siemens's theory could be reproduced.
Now, in fact, nothing more was wanting. Siemens's system was

confirmed on all sides, by facts and by mathematical treatment.

The chief merit for this is certainly due to Oberbeck. Before I

bring to your notice the system of the general circulation of the

atmosphere, such as it is given by the present state of research,
I must allude to one other point in Siemens's exposition

—
namely, the influence which the general circulation of the

atmosphere should have on the origin of cyclones and anti-

cyclones in our latitudes.

The origin of the maxima ought to be due to the fact that the

air flowing from lower to higher latitudes is checked in con-

sequence of the convergence of meridians, and so produces an
increase of pressure. Thus we get the maxima, or anticyclones.

If, then, in consequence of this increase of pressure below, air

flows out laterally, and, in consequence of the interference, the

confined current turns more to the eastward, it must carry the

lower strata with it, and give rise to a rarefaction, causing a

minimum or cyclone. But this is carried away as a whole by
the general current, and thus the progression of cyclones is also

explained,
Siemens holds very strongly to this explanation, principally

because it contains a force which explains the energy which is

accumulated in anticyclones and cyclones, and which refers

finally to the heat of the sun, that maintains the general circu-

lation. But I fear he has overshot the mark here. The meridians

converge in the southern hemisphere the same as in the northern.

Why, then, do almost constant west winds prevail there below,
without interference of currents, while with us an almost uninter-

rupted system of driving cyclones and anticyclones exists ? Does
not this prove that in the formation of cyclones and anticyclones
another factor is at work, and might not this perhaps depend on
the peculiar distribution of land and water in the northern

hemisphere? Upon this point^Siemens will have to modify his

views.

From my analysis we can easily sketch the outline of the

general circulation of the atmosphere which corresponds to the

present state of the science.

In consequence of the unequal heating of the sun and of the

rotation of the earth, air currents occur at all parts of the globe.
These currents are easterly between 35° N. and 35° S. latitude,
and westerly outside this zone.

In the former zone the easterly currents on the earth's surface

(in the northern hemisphere) are more north-easterly and

northerly the nearer we approach latitude 35°, while in the higher
strata they constantly become more southerly as we approach
latitude 35°. This explains the circulation between the equator
and latitude 35°, An upper south-west trade-wind entirely fails
in this region."^ At or near the equator a calm zone must be
formed at the earth's surface, where the meridional components
of the north-east and south-east trades ascend, but the height
of the calm-zone cannot be considerable. Exactly over the

calm-zone a pure east wind and the strongest of the whole zone
will blow, and the higher the strata under consideration the

stronger it will be.

In latitude 35° N. and S., calms exist at the earth's surface.

The air, which has an ascending motion in the equatorial calm,
has here a descending movement. But above, the current

directed polewards continues to exist. Outside this great

region, to the north and south, west winds will prevail ; while

above, the south-west (or the north-west) trade-wind blows,
which in higher latitudes will become more and more westerly.
At the earth's surface, air in south-westerly or north-westerly

1 Mr. Abercromby afterwards modified this opinion (Nature, vol. xxxlx,

p. 437).
— Translator.

2 This statement as to the failure of the upper south-west trade-wind

between the equator and lat. 35° was afterwards modified (see Das Wetter,

1890, p. 158).
— Translator.

motion flows from the zone of high pressure at latitude 35°,
which becomes more westerly with increasing latitude. At a
mean altitude, however, air flows again from the poles towards
latitude 35" as a north- west wind.

This is the picture of the general circulation of the atmosphere
according to the latest researches. There is undoubtedly much
to be completed, and it presents many dark points which remain
to be cleared up, but on the whole it possesses every guarantee
of truth and reality, and will doubtless soon be generally accepted.
The question of the effect upon cyclones and anticyclones of

this general circulation of the atmosphere will certainly come to

the front, but we shall have to wait for a considerable time for a

satisfactory solution of the problem.

RELATION OF VOLTAIC ELECTROMOTIVE
FORCE TO MOLECULAR VELOCITY.

TN a recent research published in vol. viii., p. 62,, of the Pro-

ceedings of the Birmingham Philosophical Society, 1892, it

is shown, by means of an extensive series of sixty-four tables of

measurements oiniean volta electromotive force, that the dilution

of the liquid of a voltaic cell by means of water or alcohol, the

liquefaction of either the positive or negative metal of the cell by
means of mercury, the dilution of either of these amalgams by
means of mercury, or the dilution of one solid metal by means
of another in an alloy, is universally attended by an increase of

mean electromotive force of the diluted and diluting substances,
and consequently also of the actual electromotive force of the

diluted one, provided that in all cases no chemical union or

other chemical change occurs in the mixture. The manifest

explanation of this extensive general result is that, by the act of

solution or dilution, the molecules of the active substance are

separated farther apart, and consequently acquire increased

velocity of motion. In proportion, however, as chemical union

occurs, the gain of electromotive force diminishes and is con-

verted into a loss, and the loss is larger in proportion as the

chemical union is stronger. The method enables chemical com-

pounds in alloys, amalgams, and electrolytes to be distinguished
from mere mechanical mixtures, G. Gore.

SCIENTIFIC SERIALS.

In the Botanical Gazette for February and March, Miss Alice

Carter has an interesting paper on evolution in methods of

pollination. She points out that the larger proportion of

Monocotyledons are either anemophilous or hydrophilous, and

this is undoubtedly an earlier method of pollination than the

entomophilous. Of the twenty-three natural orders which com-

prise more than 1000 species, only five are characterized by

inconspicuous flowers. Of these, four, viz, the Cyperacese,

Graminese, Urticacese, and Piperacea;, are probably ancestral

types, the fifth, Euphorbiace£e, degenerate. It is probable that

the period of the appearance of Dicotyledons was also that of

the development of our great groups of insects. The first step

towards the attraction of insects was probably the colouring of the

stamens, as in Thalictrum and Plantago ; then the development
and colouring of the corolla, and the production of saccharine

secretions. The most highly developed orders appear to be

those in which the number of parts in a floral whorl is small, as

the Violacete, Compositae, Labiatse, and Scrophulariacese.
—Mr.

P, H. Rolfs has an article on the Seed-coats of Malvace^ ;
and

Mr, Chas. Robertson continues his researches on Flowers and

insects.

In the Journal of Botany for March and April, Mr. E. A. L.

Batters describes and figures a new marine alga, Gonifnophyllum

Buffhami,ihQ type ofanewgenus. It belongs to the Delesseriaceae,

an order of Florideae, and is epiphytic on Nitophyllum lacera-

tum, being in fact nearly allied genetically to its host-plant. It

was obtained from the coast near Deal.—Mr. R. J. Harvey
Gibson describes the hitherto unknown antherids of Polysiphonia

elongella, the mode of escape and conjugation of the zoogametes
of Enteromorpha compressa, and the mode of development of the

spores of British marine species of Chantransia.—'iAr. E. G,

Baker continues his Synopsis of the genera and species of

Malveae
;
and Mr, W. H. Clarke his First records of British
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flowering plants.
—•The other articles are of interest specially

to British botanists.

The American Meteorological Journal for February contains

a carefully prepared summary of the proceedings of the Inter-

national Meteorological Conference at Munich from August 26
to September 2, 1891, by A. L. Rotch. As we have already

given a brief account of the Conference, and the report will

shortly be published, we need not further refer to Mr. Rotch's

article.—The Meteorological station of Naha, Liukiu Islands,

Japan, by Y. Wada, of the Tokio Observatory. The station

was established in July 1890, and is very favourably situated for

the study of the typhoons of the China and Japan seas, as a

great many pass near the station. As soon as the island is con-

nected by telegraph with Kiushu it will be the most important
of all the Japanese stations for storm-warnings on the coasts of

China, Corea, and Siberia.—The wind-rush at Washington,
D.C., on November 23, 1891, by Prof. H. A. Hazen. This
violent gale was probably the most destructive that has ever

been noted at that place. It passed across the city from a south

or south-west direction
; the wind at the Weather Bureau reached

60 miles per hour [80 miles and upwards have been
recorded in this country], but the effects show that during the

gusts it must have been very much greater. A cloud-burst

occurred during the gale, and the water in a canal which is 25
feet wide rose about 8 feet in a few minutes. The curve

showing the barometric oscillation will be found in the Monthly
Weather Reviezv for that month.

Bulletin of the Ne"M York Mathematical Society, vol. i. No. 5

(New York, February).
—This number opens with a care-

fully drawn up account of Klein's modular functions, by F. N.
Cole ; the occasion being an able presentation of the theory
in the work "Felix Klein: Vorlesungen iiber die Theorie der

elliptischen Modulfunctionen, ausgearbeitet und vervollstandigt
von Dr. R. Fricke." Of this Mr. Cole remarks : "The clearness

of treatment and skilful grouping of the many intricate features of

the subject have rendered this theory now thoroughly accessible.

Dr. Fricke has contributed many of the intermediate steps

necessary to the symmetry and completeness of the subject."
The reviewer, also a pupil of Klein, supplies many little bits of

personal narrative.—The next article is an abstract by
"

S. N."
of the periodic perturbations of the longitudes and radii

vectores of the four inner planets of the first order as to the

masses, cornputed under the direction of Simon Newcomb.—
Then follows a brief sketch of solution of questions in the

theory of probability and averages, by G. B. Zerr. This

pamphlet forms Appendix ii. to the " Mathematical Questions
. . , from the Educational Times."—The notes give a brief

account of the Proceedings of the Society, and also contain an
addendum to Prof Hathaway's article (in No. 3), "Early
History of the Potential.

"

Bulletin de VAcademie des Sciences de St. PHersbourg, nou"
velle serie, t. ii.. No. 2.—A preliminary communication (in

German) upon the rocks collected by M. Lopatin on the

Podkamennaya Tunguska. The series of Archaic rocks of

Siberia, which formerly were described as dolerites, and which
so constantly occur in Siberia, offer great difficulties as to their

petrographical determination, well known to all geologists.
The author now begins the publication of a most welcome
monograph on these rocks, based upon no less than 450 samples
analyzed under the microscope. The extension of these rocks is

immense, as they seem to spread, with small interruptions, in

the shape of an immense zone covering the space between 50°
and 70° N. lat., over Siberia, North America, South Greenland,
Ireland, Scotland, Norway, Sweden, and North Russia. The
author describes them as

"
Palaeozoic traps," or typical

"
plagio-

clase-pyroxene-olivine rocks," which offer all possible gradations
in their evolution. The communication being but a preliminary
one, nine different "types" are described and illustrated.—On
a new leucite rock from the same locality, by the same
author, also illustrated by a plate.

—On the Perseids ob-
served in Russia in 1890, by Th. Bredichin (in French). The
observations were made by several astronomers at Pulkova,
Ostrogojsk, Kineshma, Moscow, and Libau. The weather
was not favourable from August i to 9, and quite unfavourable
on the 1 2th and I3t'h. Nevertheless, the author arrives at in-

teresting results in comparing the centres of radiation of the
meteors in 1890 with the orbit of the comet 1862 III. The I

centres of radiation are given on a separate plate.
—Combina- I
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tion of the aldehydes with azoic compounds, by J. Bardilowsky
(French), being an inquiry into the mechanism of the reaction

between the aldehydes and the salts of aromatic amines.—Note on
the heat of combination of bromine and iodine with magnesium,
by N. Beketoff (French).

—On Seldjuk verses, by C. Saleman

(in German).—Astronomical determinations in North Russia, by
O. Backlund (in German).—Remarks upon the Upper Silurian

deposits of the Baltic provinces, in connection with the work of

Prof. W^. Dames (with a map), by Prof Fr. Schmidt.

Memoirs of the Kazan Society of Naturalists, vol. xxiii. ,
I to

5, and Proceedings.
—On the tundra of the Kanin peninsula, by

A. I. Jacoby, with a map. The author explored the western

coast, and gives many interesting facts as to the flora of the

tundra and its inhabitants.—On the biology of the Helianthus

annuus, by A. Gordyaghin. Having discovered that the leaves

of the sunflower are visited by nearly twenty different species
of insects, and that some of them, especially the ants {Myrmica
Icevinodis and Lasius niger), suck the leaves, the author sus-

pected the existence of "
extra-nuptial

"
nectarice—the supposi-

tion being confirmed by a similar observation previously made

by Delpino ; and he made experiments to ascertain whether

drops of nectar do appear on the leaves. The observations

have confirmed the supposition ; they are being continued.—On
the noxious insects of the model farm of the Kazan School, by
A. Smirensky.

—On the means of measuring the absorbing

power of the soil, by B, Sorokin. -The Proceedings contain :

a list of 300 birds of the province of Astrachan, by W. Kleb-

nikofif ; the report of a Committee nominated for the explora-
tion of the soil in the province of Kazan ; a note on the produce
of a dry distillation of birch bark ; and a report upon ornitho-

logical researches in the province of Kazan, with a list of all

noticed birds.

SOCIETIES AND ACADEMIES.
London.

Zoological Society, April 5.—W. T. Blanford, F.R.S.,
in the chair.—The Secretary read a report on the additions

that had been made to the Society's Menagerie during the

month of March 1892.—Mr. Sclater exhibited and made
remarks on the heads of a pair of Swayne's Antelopes {Bubalis
swaynei) obtained by Mr. J. W. K. Clarke and his party in

Somali-land, and sent for exhibition by Messrs. Rowland Ward
and Co.—Prof F. Jeff"rey Bell read a note regarding the real

habitat of the Land Planarian Bipalium kewense, which, as it

appeared, was indigenous to one of the South Pacific islands.—A
communication was read from Mr. Edgar A. Smith, on the Land
Shells of St. Helena, based on a large and complete collection

of the terrestrial Mollusks of that island made by Captain W. H.
Turton, R.E., and deposited in the British Museum. Mr.
Smith estimated the total number of truly indigenous species of
this group in St. Helena to be 27, of which 7 only are now
living on the island—the remainder having been exterminated by
the destruction of the primaeval forests.—Mr. F. E. Beddardread
some notes on the anatomy of the Indian Tidsitx {Plotus melano-

gaster), as observed in a specimen of this species recently living
in the Society's Gardens.—Mr. Seebohm exhibited a specimen
of a Pheasant from the valley of Zarafshan in Central Asia,
which he referred to a new species, distinguishable from Ph.

principalis by its white collar, and proposed to call it Ph.
tarnovskii.— yir, R. J. L. Guppy exhibited specimens of the

animal, the teeth and jaws, and the shell and egg of Bulimus

oblongus, and remarked briefly thereon.—Mr. G. B. Sowerby
read descriptions of seven new species of Land- Shells from the

United States of Colombia.—A communication was read from
Mr. W. Schaus, containing descriptions of some new species
of Lepidoptera Heterocera from Brazil, Mexico, and Peru.

Geological Society, March 23.
—W. H. Hudleston,

F.R. S., President, in the chair.—The following communications
were read :

—On the occurrence of the so-called Viverra

HastingsicB of Hordwell in the French phosphorites, by
R. Lydekker.—Note on two Dinosaurian foot-bones from the

Wealden, by R, Lydekker.—On the microscopic structure, and
residues insoluble in hydrochloric acid, in the Devonian Lime-
stone of South Devon, by Edw. Wethered. Microscopic
examination of the Devonian Limestones of South Devon shows
that they havei been built up by calcareous organisms, but that
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the outlines of the structure have for the most part become
obliterated by molecular changes, and the limestones are often

rendered crystalline Tn connection with this the author alludes

to the disturbances which have affected the limestones. He
finds occasional rhombohedra of dolomite, and discusses the

probability of their derivation from magnesian silicates contained
in She rocks. A description of the insoluble residues follows.

The micas, the author considers, may be of detrital origin, but
this is by no means certain ;

he is disposed to consider that the

zircons, tourmaline, and ordinary rutile were liberated by the

decomposition of crystals in which they were originally included.

Minute crystals, referred to as "microlithic needles," resemble
*'

clay-slate needles," but are not always straight : they occur
in every fine residue, and as inclusions in siliceous and micaceous
flakes. The siliceous fragments which inclose them frequently
contain many liquid inclusions, which does not necessarily

imply any connection between the two, though there may
possibly be some connection. Micro-crystals of quartz occur,
and have been derived from decomposing silicates. The reading
of this paper was followed by a discussion, in which Dr. Sorby,
Prof. Bonney, Dr. Hicks, Prof. Rupert Jones, the President,
and others took part.

April 6.—W. H. Hudleston, F.R.S., President, in the

chair.—The following communications were read :
—Geology

of the gold-bearing rocks of the Southern Transvaal, by
Walcot Gibson. The author describes the general character-

istics of the rocks of the Southern Transvaal, and gives a sum-

mary of previous work on the area ; he then discusses the

physical relations of the gold-bearing conglomerates and asso-

ciated rocks in the Witwatersrandt district, and describes the
various rocks in detail. He concludes that the gold-bearing
conglomerates and the quartzites and shales of the Witwaters-
randt district (which have undergone considerable metamorphism)
form one series, of which the base and summit are not seen ;

that this series is much newer than the gneisses and granites on
the eroded edges of which they rest, and older than the coal-

bearing beds which unconformably overlie them ; that the entire

series associated with the gold-bearing beds has been thrust over
the gneisses, and was not originally deposited in its present
position, the movements having taken place in two directions,
viz. from south to north and from east to west ; that, after the
cessation of these movements, the strata were injected with basic

and sub-basic igneous material, and much of the country was
flooded with lavas of the same character ; and that the conglo-
merates have been formed mainly at the expense of the under-

lying granites and gneisses, which were largely threaded with
auriferous quartz-veins and contained larger masses of quartz.
The author then describes the geology of districts outside the

typical area, which, though at first sight more complex, are

really simpler than that of the typical area. The conclusions
arrived at from an examination of these areas confirm the results

of the study of the rocks of the Witwatersrandt district. The
reading of this paper was followed by a discussion, in which
the President, Prof. Green, Mr. Attwood, Mr. Topley, Mr.
Alford, Prof. Lapworth, and Mr. Teall took part.

—The
precipitation and deposition of sea-borne sediment, by R. G,

Mackley Browne. The author discusses the mode of deposition
of current-borne sediment upon the ocean-floors, and considers
the effects of current-action in sifting the material and causing it

to accumulate into stratified linear ridges having directions

generally parallel with those of the currents—the dip of the
strata varying according to the velocity of the currents. He
considers that the conclusions deducible from his analysis ap-
pear to be in accord with the evidence afforded by the structure
of ancient subaqueous sedimentary deposits.

Linnean Society, April 7.—Prof Stewart, President, in
the chair.—Mr. Spencer Moore exhibited and made remarks
upon some samples of Mate or Paraguayan tea recently
brought by him from South America.—Mr. J. Tristram Valentine
exhibited a skin of Grevy's Zebra, recently brought from Somali-
land by Mr. H. D. Merewether, who had purchased it from a
caravan arriving from the Southern Dolbahanta country, to the
south-east of Berbera. Although it corresponded in the character
and disposition of the stripes with the type specimen from Shoa,
and with a skin in the British Museum from Berbera (P.Z.S.,
1890, p. 413), it differed in the stripes being brown upon a pale
sandy or rufescent ground, instead of black upon a white ground.
It was suggested that this might be the desert form, the type
specimen representing the mountain form.—Mr. Tristram
Valentine also exhibited horns of Swayne's Hartebeest and
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Clarke's Antelope (both recently described species), which, like

the Zebra skin, had been lately brought from Somali-land by
Mr. Merewether.—Mr. W. S. D' Urban exhibited specimens of

the shell-slug Testacella matigei from Devonshire.—A paper was
then read by Mr. D. Morris, on the phenomena concerned in

the production of forked and branched palms, the conclusions

arrived at being the following :
—

(i) Branching is habitual in

certain species o{ Hyphane ; occasional in others, and occasional

also in the genera Areca, Rhopalostylis, Dictyosperma, Oreo-

doxa, Leopoldinia, Phoenix, &c. (2) Branching in many cases

results from injury to or destruction of the terminal bud, causing
the development of axillary or adventitious buds below the apex :

these buds when lengthened out produce branches. (3) In some

cases, as in Nannorhops ritcliieana and Phanix sylvestris,

branching is caused by the replacement of flowering buds by
branch buds. In such cases the branches are usually short, and
are arranged alternately along the stem. The terminal bud
is apparently neither injured nor destroyed.

—A paper by Mr.
A. W. Waters, on the gland-like bodies in the Bryozoa, was, in

the absence of the author, read by Mr. W. Percy Sladen.

Dtjblin.

Royal Society, March 16.—Prof. W. Noel Hartley, F.R.S.,
in the chair.—Prof. Haddon presented a paper by Prof
F. Jeffrey Bell on the Echinoderms collected during the

Society's fishery survey of the west coast of Ireland. Psoitis,

sp. juv. , was recorded for the first time from Ireland (500

fathoms), Astropecten sphenoplax, n. sp. (500 fathoms). Amongst
other rarities Asthenosotiia hystrix was largely represented ; the

specimens differ so much that were it not for intermediate forms,
more than one species might be described. Prof. Bell proposes to

regard A. (Calvej-ia) fenestratum as a synonym of A. hystrix.
—

G. Johnstone Stoney, F. R.S., read a paper entitled
"
Proposed

Standard Gauge, to help in appreciating the small ultra-visible

quantities that have to be taken into account in studying Mole-

cular Physics."' The gauge is wedge-shaped. The base of the

wedge is formed by taking Angstrom's normal map of the solar

spectrum, and extending its scale (the degrees of which are

millimetres) both ways, till it reaches zero in one direction and

10,000 in the other. The gauge is then completed by erecting
a micron or sixthet-metre (sixthet, the fraction represented by
one in the sixth place of decimals) over the 10,000 mark and

drawing the inclined plane from the top of this to the zero mark
at the other end. The gauge is thus a wedge ten metres long,

with a gradient of one in 10,000,000, lying upon Angstrom's

map ; and the wave-length of any solar ray is the ordinate (the

perpendicular distance from the base-line of the gauge up to its

sloping top) immediately over the line representing it in the

map. The wave-lengths of visible light are the ordinates of

this gauge extending from 7*6 to 3*8 metres from its apex. At
between 3 and 2 metres from the apex we reach an ordinate

which is the viinimum visibile (the least separation between
two points which will admit of their being seen as two with

waves so coarse as those of light). The ordinate at one metre

from the end is the seventhet-metre (or metre x -000,000,1).

The average distance to which the molecules of air dart in

the intervals between their encounters is the ordinate at about

three-quarters of a metre from the apex {Phil. Mag. for August
1868, p. 138). The ordinate of the gauge at I decimetre

from its apex is the eighthet-metre (or metre x '000,000,01).
The ordinate at one centimetre from the apex is the ninthet-

metre (or metre x 'ooo, 000,001). This is about the average
interval at which the molecules of a gas are spaced, when
the gas is at the temperature and pressure of ordinary air

(loc. cit.., p. 140). The ordinate at one millimetre from the

apex is the tenthet-metre (or metre x '000,000,000, i). This is

somewhere about the "size" of a gaseous molecule, meaning
by this the distance within which the centres of two molecules

must come in order that an encounter may take place—that is,

that they may be able sensibly to bend each other's path. It

may also be taken as about the distance to which the average
interval between the centres of the gaseous molecules is reduced

when the gas is condensed into a liquid or solid. This is the

smallest magnitude for which the gauge is proposed as con-

venient. Within the last-mentioned small range numerous and

complicated events are known to take place, viz. all those that

go on within the molecules, among which are those that

originate the lines in the spectra of gases. Whenever any way
of estimating these quantitatively shall be discovered, we shall

want another and more acute-angled gauge to help us in

appreciating them.
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Paris.

Academy of Sciences, April ii.—M. d'Abbadie in the

chair.—On anew determination of the latitude of Paris Obser-

vatory, by M. TAmiral Mouchez. (See Our Astronomical

Column).—Note by M. I'Amiral Mouchez, accompanying a

star photograph obtained by Dr. Gill, Director of the Cape
Observatory. (See Our Astronomical Column.)—On the flow

from rectangular orifices, without lateral contraction : theoretical

calculation of the delivery and of its distribution, by M. J.

Boussinesq.
—On the absorption of light by tourmaline, by

M. A. Potier.—Researches on persulphuric acid and its salts,

by M. Berthelot.—On the stability of the sand dunes of the Bay
of Biscay, by M. Chambrelent. A long account is given of the

methods that have been adopted to prevent the encroachment of

sand along the coast of the Bay of Biscay.
—Note by M. Deherain,

accompanying the presentation of his
" Traite de Chimie Agri-

cole."—On a new genus of Cretaceous Echinoids, Dipneustes

aturiais, Arnaud, by M. G. Cotteau.—Experimental study of

the decimal equation in observations of the sun and planets,
made at Lyons Observatory, by MM. Andre and Gonnessiat.— '

On the latitude obtained by means of the great meridian circle
\

of Paris Observatory, by M. Perigaud.
—On a series of determi-

nations of latitude made with the great meridian circle of Paris
|

Observatory, by M. F. Boquet.
— Observations of Swift's comet

(1892 March 6) and Denning's comet (1892 March 18) made with

the great equatorial of Bordeaux Observatory, by MM. G. Rayet
and L. Picart.—On the theory of Jupiter's satellites, by M. J. J.

Landerer. (For the five preceding communications see Our
;

Astronomical Column.)—On transformations in mechanics, by
M. P. Painleve.—On the evaluation of the numbers of permu-
tations and complete circular arrangements, by M. E. Jablonski.—On the specific heats of metals, by M. Le Verrier. The
author has measured the specific heats of lead, zinc, aluminium,
silver, and copper, at various temperatures between 0° and
1000^ C.—On the polarization of diffused light by disturbed

media, by M. A. Hurion.—On the decomposition of silver

permanganate and on a particular association of oxygen with

silver oxide, by M. Alex. Gorgeu.—On some new salts of iron,

by MM. Lachaud and C. Lepierre.
—Action of sulphuric acid

on some cyclic hydrocarbides, by M. Maquenne.
—Researches

on some sugar principles, by M. J. Fogh.
—On the formation of

oxyhemoglobin by means of hsematine and albuminoid matter,

by MM. H. Bertin-Sansand J. Moitessier.—Law regarding the

appearance of the first epiphysiary point of long bones, by
M. Alexis Julien.

—On an apparatus which enables Paul Bert's

experiments on air and compressed oxygen to be easily repeated,

by M. G. Philippon.
—

Distinguishing characters of ovine and

caprine species : applications to the study of Chabins and

Mouflons, by MM. Cornevin and Lesbre.—Halo seen at Pare
de Baleine (Allier) on April 6, by M, de Montessus de Ballore.—Research on the geographical and geological conditions which
characterize earthquake regions, by M. de Montessus de Ballore,

Berlin.

Physiological Society, March 18.—Prof du Bois Rey-
mond, President, in the chair.—Dr. Gumlich described experi-
ments made on himself on the urinary excretion of nitrogen.
He had determined separately total nitrogen, nitrogen of urea,

of ammonia, and of the extractives during periods with a mixed

diet, a pure flesh diet, and a vegetable diet. During the second

the nitrogen excreted as urea increased until it amounted to

85'6 per cent, of the total nitrogen, and that excreted as ex-

tractives and ammonia was also greater than during a mixed

diet. During a vegetarian diet the urea nitrogen markedly dimin-

ished ; that of the extractives and ammonia was also absolutely
less than with a meat diet, although it had increased relatively

to the rest.—Dr von Noorden communicated, in connection

with the above, an extended series of determinations of urinary

nitrogen made on patients suffering from different diseases ;

among these two cases of phosphorus poisoning were of special

interest.

April I.—Prof, du Bois Reymond, President, in the

chair.—Dr. Lilienfeld had found that the influence of

leucocytes on the clotting of blood is due entirely to their

nuclei, the stroma being quite inert. He isolated the che-

mically active substance from the leucocytes of the thymus
gland, and calls it leuconuclein.—Dr. Rosenberg had investigated
on a dog working in a tread-mill the assimilation of a diet con-

sisting of definite portions of lean meat, fat, and rice during

periods of work and repose, and found it to be the same in both
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cases. Pie believes the result of this experiment may be extended

to the case of man.—Dr. Schweizer had investigated the behaviour

of spermatozoa towards electric currents. Only in a few cases

was he able to observe that some of the more active ones swam

against the current. He found that the position they assumed
in parallel rows with their heads turned towards the kathode
was not in any way a result of their vitality.

Physical Society, March 25.
—Prof. Kundt, President, in

the chair.—Dr. Mewes spoke on emission and absorption.
— Dr.

Gross, in his experiments, extending over many years, on the

decomposition of sulphur has recently tested it electrolyticalty.

Barium and strontium sulphate were fused in a silver crucible,

which formed one electrode, and a powerful electric current sent

through the mass by means of a second electrode of platinum
wire. Analyses of the products resulting from the electrolysis

yielded a new compound of platinum and barium ; at the same
time 50 per cent, of the sulphur, originally present as sulphates,
was found to have disappeared, and its place to have been taken

by 40 per cent, of a new substance, which the speaker had also

obtained during the electrolysis of sulphur. According to his

views, sulphur is to be regarded as a compound of this new
substance with hydrogen.

—Dr. Budde described new experi-

ments on the inert layer in emulsions of chloroform and soda,

which confirmed him in his view that the layer is due to the

rapid evaporation of chloroform from the upper surface of the

mixture. A mixture of chloroform and water is even more suitable

for the'experiments, and, since chloroform is more soluble in cold

than in warm water, he takes a solution of chloroform saturated

in water at 0°, and then warms it to 20°
;

at the latter tem-

perature the chloroform separates out in minute drops, yielding
a perfectly opaque emulsion, while the upper layer remains clear,

owing to the evaporation of the chloroform. When this upper

layer is removed by a pipette it remains clear, and must there-

fore contain less chloroform than the lower saturated portions.

The regular configuration of the inert layer in vessels of varying

shape had been at one time regarded by Dr. Budde, in agree-
ment with Liebreich, as due to capillary action. His more
recent researches have, on the other hand, shown that it is due

to currents in the fluid resulting from differences of tem.perature,

and may therefore be altered at will. When the external tem-

perature is lower than that of the fluid, downward currents are

established along the walls of the vessel, upward currents in the

centre of the fluid, and the meniscus is convex : when the ex-

ternal temperature is higher, the reverse effect is produced, and

the meniscus is concave.

April 8.—Prof, du Bois Reymond, President, in the

chair.— Dr. Lauamer gave an account of alterations made

by him, in conjunction with Dr. Brodhan, on a spectro-

photometer, with a view to improving the photometric part
of the instrument by the introduction of his glass-cube. In

connection with the above, Dr. Lammer went very fully into

Prof. Abbe's theoretical researches on the delineation of non-

luminous objects, which had been made during the latter's

studies on the mode of action of microscopes, and transferred

the results arrived at by Abbe to the conditions existing in a

spectrophotometer.

Meteorological Society, April 5.
—Prof. Schwalbe, Pre-

sident, in the chair.—Dr. Sprung spoke on atmospheric rings,

and explained the formation of solar and lunar rings as the

result of refraction of parallel solar rays in ice-prisms. The

prisms must be three-sided, and the maximal intensity of light

is obtained when the angle of entry and exit from the prism is

22", in which case the deviation is minimal. Solar and lunar

halos are the result of the bending which light undergoes at the

edges of minute ice-particles. The phenomenon can be ob-

served by strewing lycopodium powder on a sheet of glass, and

looking at a flame through this film. The speaker further

exhibited some photographs of rings and halos, explained the

conditions which are necessary for their successful production,
and gave the formulae involved in the calculation of the phe-
nomena.—Dr. Schumbert made a communication in connection

with Dr. Lachmann's (see report of previous meeting), and gave
a synopsis of temperature maxima and minima observed at

woodland stations, both in the woods and just outside them.

Some interesting differences were observed, depending upon
the kind of trees and the position of the thermometer. After

some remarks by Dr, Lachmann on a paper by von Bebber in

Himtnel und Erde on the same subject, Dr, Hofmann in con-

clusion exhibited an apparatits for registering the observation of

meteors.
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Amsterdam.

Royal Academy of Sciences, April 2.—Prof, van de
Sande Bakhuyzen in the chair.—Mr. Kapteyn communicated
the result of a discussion of a great part of the photographs
taken at the Cape Observatory under the direction of Her
Majesty's Astronomer, D. Gill. The diameters of the stars on

370 of these photographs, covering an area of nearly 9000
square degrees of the sky, have been compared to the visual

magnitudes of these stars according to the estimations of Messrs.
Gould and Schonfeld. It is shown that for stars of equal visual

brightness the actinic effect on the plates has been considerably
greater for the stars situated in or near the Milky Way, than for

stars situated in considerable galactic latitudes. The different

causes that may have co-operated to produce this phenomenon
have been carefully considered, and the conclusion is arrived at,

that neither influences of meteorological causes, nor causes of

systematically different sensitivity of the plates, are sufficient to

account for it ; and that the systematic errors in the estimations of

the visual magnitudes are, in all probability, of secondary import-
ance. It seems very probable, therefore, that the principal cause
must be sought in peculiarities of the light of the stars themselves.

The fact discovered by Mr. Pickering, that the Milky Way
must be considered as an aggregation of stars of the first type
explains only a small fraction (not o"i mag.) of the differences

found. Mr. Kapteyn therefore thinks that we are driven to

the conclusion that the light of the stars of the first type in the

Milky Way is considerably richer in violet rays than the light of

stars of the same type in great galactic latitudes. From this would
follow, according to the researches of Mr. Pickering, that the same
must hold for stars of the other spectral types. In the mean-
while direct photometric and photographic experiments seem

very desirable, in order to prove the reality of the phenomenon
by more direct evidence than is contained in the plates of the

Photographic Survey. Such experiments have been al;-eady
undertaken by the Cape Observatory.

—Mr. Hubrecht gave an
account of the placentation of certain Lemurs and Insectivora,
as a result of his recent excursion in the Indian Archipelago.
The placenta of Tarsius spectrum is a discoid one, and differs from
that of other Lemuroids hitherto known, in which a diffused dis-

tribution of villi over the whole surface of the chorion has been
observed. In Nycticebus this coating loses its villous character

at one pole of the egg in the latest stages of pregnancy. Certain

stages of the discoid placenta of Galeopithecus were further

described, as was also the double placenta of Tupaja javanica,
each placenta having a reniform shape, these being situated right
and left of the embryo, which has its ventral surface turned
towards the mesometrium.—Mr. Pekelharing reported on his

further investigations about the coagulation of the blood. He
states that the A. fibrinogen of Wooldridge is the same substance
which can be precipitated from the diluted plasma by acetic

acid, viz. a nucleo albumin, the zymogen that, by combination
with lime, forms fibrin ferment. Wooldridge's.tissue-fibrinogen is

also a nucleo-albumin from which can be obtained, by treating it

with lime-salts, fibrin ferment. In accordance with Dr. Wright,
Mr. Pekelharing has found that, in the dog and in the rabbit, an
albumose can be split off from the nucleo-albumin, and in this

manner the formation of the fibrin ferment can be prevented, or

the action of the ferment already formed can be paralyzed.

DIARY OF SOCIETIES.
London.

THURSDA y, April 21

LiNNHAN Society, at 8.—On some New Plants from China : W. B.

Hemsley, F.R.S.—On the Relation of the Acaridae to the Arachnida : H.
M. Bernard.

Chemical Society, at 8.

FRIDAY, April 22.

Institution of Civil Engineers, at 7.30.
—The Speed and Power of

Locomotives: Edmund L. Hill.

SA TURDA y, April 23.
Royal Botanic Society, at 3.45.

MONDAy. April 25.
Aristotelian Society, at 8.—Prof. Wm. James's Treatment of Self: G.
Dawes Hicks.

TUESDAY, April 26
Anthropological Institute, at 8.30.

—The Social and Religious Ideas
of the Chinese, as illustrated in the Ideographic Characters of the

Language : Prof R. K. Douglas.—The Mythology and Psychology of
the Ancient Egyptians : Joseph Offord, Jun.

Royal Statistical Society, at 7.45.
—An Inquirj; into the Statistics of

the Production and Consumption of Milk and Milk Products in Great
Britain : R. Henry Rew.

Institution of Civil Engineers, at 8.—Electric-Light Measuring In
strunients : James Swinburne.

Photographic Society, at 8.

Royal Institution, at 7.—The Sculpturing of Britain—its Later Stages:
Prof T. G. Bonney, F.R.S.

WEDNESDAY, April 27.

Geological Society, at 8.—Notes on the Geology of the Northern
Etbai or Eastern Desert of Egypt : with an Account of the Emerald
Mines : Ernest A. nFloyer.

—The Rise and Fall of Like T.mganyika :

Alex. Carson. (Communicated by R. Kidston.)
Kntomological Society, at 7.

British Astronomical Association, at 5.

THURSDAY, April 28.

RovAL Society, at 4.30.
Institution of Electrical Engineers, at 8.—Notes on the Light of the

Electric Arc : A. P. Trotter.
RovAL ' mstitution, at 3.

—The Chemistry of Gases: Prof. Dewar,
F.R.S.

FRIDAY, April 29.

In'stitution of Civil Engineers, at 7.30.
—The Steam-Hammer and its

Relation to the Hydraulic Foreing-Press : H. H. Vaughan.
RovAL In.stitution, at 9.

—The Physiology of Dreams: Dr. B. W,
Richardson, F.R.S.

SA TURDA Y, April 30.

Royal Institution,- at 3.
—

J. S. Bach's Chamber Music (with many
Musical Illustrations): E. Dannreuther.

BOOKS, PAMPHLETS, and SERIALS RECEIVED.
Books.—Blowpine Analysis, 2nd edition: J. Landauer ;

translated by
J. Taylor (Macmillan).—Air Cnmprim^ ou Rar<ifi(!: : A. Gouilly (Paris,

Gauthier-Villars).—La Distribution de I'Electricite, Installations Isolees :

R. V. Picou (Paris, Gauthier-Villars).—Resistance des Matcriau.x : M.
Duquesney (Paris, Ciauthier-Villars).

—Machine a Vapeur : V. Dwelschau-

vers-Dery (Paris, Gauthier-Villars).—Elements of Materia Medica and

Therapeutics : C. E. A. Semple (Longmans).— Fruit Culture: J. Cheal

(Bell).
—My Water-cure : S. Kneipp (Grevel).— Color-vision : E. Hunt

(Siiipkin).
Pamphlet.-On the Physics of Media : J. J. Waterston (Kegan Paul).

Serials.—The Asclepiad, No. 33, vol. ix. (Longmans).—Geological

Magazine, April (K. Paul). Journal of the Royal Agricultural Society,

3rd series, vol. iii. Part i (Murray).
—Himmel und Erde, April (Berlin,

Paetel).—The Annals of Scottish Natural History, No. 2 (Edinburgh,

Douglas).—Journal of the Institution of Electrical Engineers, No. 96.

vol. xxi. (Spon) —The Eagle, March (Cambridge, Johnson).—Journal of

Anatomy and Physiology, vol. xxvi. Part 3 (Williams and Norgate).
—Mind,

April (Williams and Norgate).—Massachusetts Institute of Technology,
Boston, Annual (Tatalogue, 1891-92 (Boston).

— Journal of the Royal
Statistical Society, March (Stanford).—Journal of the Chemical Society,

April (Gnrney and Jackson).
— Bulletin de I'Acadtfmie Imperiale des Sciences

de St. Pttersbourg, ncuvelle serie, ii., xxxiv., feuilles 34-41.
—The Engineer-

ing Magazine, April (New York).

CONTENTS. PAGE
The Yahgan 577

Quantitative Analysis. By J. W. R 578

Astronomy ... 579
Our Book Shelf:—

Cheal: "
Practical Fruit Culture

"
579

Landauer: "
Blowpipe Analysis

"
5^°

Letters to the Editor :
—

Prehistory of Egypt.—W. M. Flinders Petrie . 580

Aphanapteryx in the New Zealand Region.
—Prof.

Henry O. Forbes S^i

Pigments of Lepidoptera.—F. Gowland Hopkins . 581

C.G.S. System of Units.—O. H. Tittmann ;
Prof.

J. D. Everett, F.R.S 581
Influenza in America.—Prof. Edward S. Holden 582

Dust Counting on Ben Nevis. By Angus Rankin . 582
Abstract of Mr. A. Ricco's Account of the Sub-
marine Eruption North-west of Pantelleria,
October 1891. illustrated.) By G. W. Butler . 584

Giraffes 58S
Notes 585
Our Astronomical Column:—

Astronomy at the Paris Academy, April II 589
Solar Heat 589
Periodic Variations in Latitude 589

Recent Advances in Physical Chemistry. By Prof.

W. Ostwald 590
The General Circulation of the Atmosphere. By

Dr. J. M, Pernter 593
Relation of Voltaic Electromotive Force to Mole-

cular Velocity. By Dr. G. Gore, F.R.S 596
Scientific Serials 59^
Societies and Academies 597

Diary of Societies 6co

Books, Pamphlets, and Serials Received 600

NO. I 173, VOL. 45]



NA TURE 60 1

THURSDAY, APRIL 28, 1892.

THEORE TICAL CHEMISTR V.

•Outlines of Theoretical Chemistry. By Lothar Meyer,
Professor of Chemistry in the University of Tiibingen.

Translated by P. Phillips Bedson, D.Sc, and W.
Carleton Williams, B.Sc. Pp. 220. (London : Long-
mans, Green, and Co., 1892.)

^'

f~^ OOD wine needs no bush," but a well-known bush
^^J makes one look for good wine. The translation of

Prof. Lothar Meyer's
" Die Modernen Theorien der

Chemie," made by Messrs. Bedson and Williams, is so

well known and so appreciated by all English-speaking

chemists, that everyone welcomes a new book by the

author of " Modern Theories," and expects the book to

be a good one. The " Outlines of Theoretical Chemistry
"

is a translation, by the translators of the
" Modern

Theories," of a book published in German in the course

of last year. The translation is exceedingly well done ;

the English runs smoothly and lucidly ;
the book reads

as if it were composed in English, rather than as a trans-

lation from another tongue.

The subject-matter of this book is very similar to that

of " Modern Theories "
; details are avoided wherever the

author thought this could be done with advantage, and

the treatment is made as general as possible. In his

preface to the English translation the author says :
—

" The general
— I may say the philosophical

—review
of the subject has been my chief aim, to which the details

should be subordinated."

The book is not divided into chapters, but runs

on from paragraph to paragraph. Beginning with a

statement of the province of chemistry, the author

passes in review the stoichiometric laws, sketches the

atomic hypothesis, considers the various aspects of

chemical equivalents, states and applies the law of

Avogadro, refers to Prout's notions about the relations

between the values of atomic weights, and states and

briefly illustrates the periodic law ; he then considers in

several paragraphs the constitution of compounds in the

light of the molecular and atomic theory, and, through a

short discussion of physical isomerism, he passes to the

consideration of such physical properties of bodies as

melting and boiling point, capillarity, solubility, evapora-

tion, &c., and the connexions between these and the

molecular weights and constitutions of bodies. Finally

the author devotes some fifty or sixty paragraphs to the

treatment of the thermal and electrical aspects of chemical

changes, and the subject of chemical affinity.

At the outset the essential character of chemical

phenomena is emphasized :
—

"
Chemistry deals with the changes which affect the

material nature of the substance. Chemistry, then, is the

science which treats of matter and its changes
"

(p. 2).

It is to be wished that all writers of books, whether

elementary or advanced books, on chemistry, and all who
endeavour to help others to learn this science, would keep

steadily before them the characteristic feature of all

chemical events, viz. that they are those which occur
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when changes of composition accompany changes of

properties in definite kinds of matter. If this were done

we should not be deluged with those catalogues of the

properties of innumerable disconnected substances which

are frequently sold under the misleading name of text-

books of chemistry.

The paragraphs on the determination of atomic weights
from stoichiometric values (pp. 11-13) seem to me ex-

tremely lucid and apposite, provided the reader will give

his close attention to them. I do not think the subject of

chemical equivalents is treated sufficiently fully to make
it clear (pp. 13-16). Paragraph 13 does not make

perfectly intelligible the process whereby atomic weights
are determined from the crystallographic relations of

compounds. I am much taken by the order in which
the author arranges his treatment of combining weights,

equivalents, thermic equivalents, crystallographic equiva-

lents, &c., culminating in Avogadro's law. The deter-

mination of atomic weights by the application of the law

of Avogadro is made very clear in a couple of paragraphs

(pp. 39-42) ;
and the author is especially to be congratu-

lated, in my opinion, on paragraph 26, wherein he most

skilfully and gracefully avoids the popular error of making
a stumbling-block of so-called

" abnormal vapour-densi-
ties."

Paragraph 28, which deals in about thirty lines with
" nascent state," would much better have been omitted

;

the treatment is neither interesting nor accurate. It

seems to me that paragraphs 34-40, which are supposed
to give a clear general conception of the periodic law,

quite fail to enable the student to grasp this all-important

generalization. I think that much too little space is

given to the periodic law, which comprises in itself all

other schemes of chemical classification ;
and that too

much space is devoted to valency, which, at the best, is

a conception that is of very limited application. Anyone
who turns from the study of Mendeleeff's great work on

"The Principles of Chemistry" to the paragraph on

p. 76 will be greatly astonished ; the paragraph reads

thus :
—

"
Formerly it was more or less explicitly assumed that

a chemical compound was held together by the total

attractive force of the affinities of all the atoms contained
in it

; but, as our knowledge increased, it was gradually
recognized that the connexion is between atom and

atom, and that the atoms are attached to each other like

the links in a chain, the continuity ceasing if even a

single link of the chain is removed."

This sentence seems to imply that no one now looks

on a molecule as held together by the interactions between

all the atoms ;
but if one says this view is held by none, one

must make a few exceptions, such as Mendeleeff and the

chemists of his school. The treatment of atomic linkage

on pp. 80-83 seems to me to be very one-sided and un-

satisfactory. We are told (p. 8x) that such a formula as

HgO . SO3 is inadmissible because it represents the com-

pound as made up of atomic groups which are already

saturated, and "
therefore have no free affinities for

mutual combination"; but on p. 107 we are informed

that, in substances which crystaihze with water,
"
every

molecule is united with a definite number of molecules of

water." But how can water molecules unite with, say,

dehydrated alum, if the group H.,0 is saturated and " has

D D
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therefore no free affinities
"

? This example shows that

the paragraph quoted above from p. 76 is much too

dogmatic.
I do most strongly object to such a statement as that

on p. 69, where, speaking of carbon monoxide, it is

said :
—

" The molecule of this compound is represented by the

formula

:=:ciio.

Here the asterisks are intended to show that two affini-

ties are unsaturated ;
this is proved by the fact that the

compound unites with two atoms of chlorine, forming

phosgene gas,

\c=o."
CK

What is proved by the fact of combination with

chlorine ? No one can attach any clear meaning to the

statement
" two affinities are unsaturated." The only

practical meaning these words have is,
" The molecule

CO can unite with two other atoms of certain kinds "
;

that is to say, the sentence quoted, when put into the

speech of the plain man, asserts that the fact that CO
does unite with 2CI proves that CO can unite with 2CI.

The later paragraphs, treating of the physical properties

of bodies and the connexions between these and the con-

stitutions of the same bodies, seem to me to be both very

well done and very disappointing. They are well done

because an earnest attempt is made to put the matter

clearly, but they are disappointing because it is quite im-

possible to grapple with these very difficult matters in the

space which is given to them in this book. I do not think

that anyone will succeed in getting a grasp of Raoult'slaw

from the pages which are grouped around paragraph 133.

The application of Raoult'slaw to determine molecular

weights, given on p. 137, is based on the constant '62^,

which has been shown by van 't Hoff and others to be

erroneous.

But it is much easier to find fault than to compose such

a book as this. A careful perusal of the work leaves the

impression on my mind that, as a synopsis and suggestive

remembrancer to the student who knows general chemistry

well, this book will prove useful, but that it is too con-

densed and too slight to be of much service to him who is

beginning the study of general chemistry. Most of the

subjects dealt with cannot be made clear except by going

into details, and illustrating them with considerable profu-

sion. When one attempts to deal with these matters in

a broad and general way, and at the same time to devote

only a few pages to each section, one is almost obliged

either to make statements so generalized that they are of

very little use to the earnest student, or only to touch the

fringe of each part of the subject. Chemistry is an abstract

science to a much less degree than physics ;
hence such

short statements as those which sum up and include in

themselves whole provinces of physical knowledge cannot

yet be made in chemistry. Where the
" Outlines of Theo-

retical Chemistry
"

fails for the most part it fails because

no book could succeed ;
it fails because it attempts to do

that which cannot, at present, be done.

M. M. Pattison Muir.
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THE TRAVELS OF A PAINTER OB FLOWERS.
Recollections of a Happy Life, being the Autobiography

of Marianne North. Edited by her sister, Mrs. John
Addington Symonds. In Two Volumes. (London :

Macmillan and Co., 1892.)

MOST
of the readers of Nature will know without

telling that Marianne North was a world-wide

traveller, that she travelled in pursuit of nature, that she

was an accomplished and faithful painter of plant and

animal life, and that the results of a life's labour were

presented by her to the nation, and now cover the walls

of a building in Kew Gardens, erected at her expense
Most persons, too, who knew her personally

—and her

acquaintances and friends are as numerous as her travels

were wide—will be glad to know something more of her

history, and especially something more of her travels, of

her impressions of peoples, of places, and, above all, her

impressions of the plant and animal life of the many
countries she visited and to which she gave her life. All

who had the pleasure of knowing her personally will

remember her stately presence, her kind face, her charm-

ing manner, and her entertaining conversational powers
—now relating the difficulties and delights of her expe-

riences in foreign lands, now her appreciation of home

comforts and genial society. She wrote as she talked,

and she was a fertile letter-writer ;
and she has written

her book in the same style.

In early life Miss North made various journeys in

Europe, and also went up the Nile and visited Syria, and

painted many flowers ;
but with the exception of the Sici-

lian /'a//r«.y, and perhaps two or three other little pieces,

none of this early work is in the gallery at Kew. Only 38

pages of her book are devoted to her early life, and it prac-

tically begins with her more distant travels ;
the first long

trip being to Canada and the United States, and extended

to Jamaica, whence she returned to England. Two months

later she started for Brazil, where she made a long stay,

and then returned direct to England. The next journey

included Tenerifife, California, Japan, Singapore, Borneo,

and Java, and then home again. Her paintings attracted

attention, and she complied with a request to exhibit

some 500 of them at Kensington. This matter being

arranged, she proceeded to India, landing on the way at

Lisbon, Gibraltar, Malta, and Galle ;
and India was

traversed almost from east to west and north to south.

The narrative of this journey is perhaps the most in-

teresting part of the whole work. On her return home

there was an exhibition of the accumulated paintings in

Conduit Street ;
and a visit to Mr. Darwin, which ended

in a determination to go to Australia and paint the

flowers of the fifth quarter of the globe. It should be

mentioned that in the meantime Miss North had adopted

a suggestion of the Pall Mall Gazette that her paintings

should find their home at Kew, and her generous offer

was accepted. So it was, that when Darwin told her

that her collection of paintings would be an imperfect

representation of the vegetation of the world without the

Australian element, she took it as a "
royal command,"

and prepared to go forthwith. This journey some of the

old scenes were revisited, brief halts being made at Galle

and Singapore, a longer stay with the Rajah and Rani
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Brooke in Borneo, and thence to Queensland. New South

Wales, Victoria, West Australia, Tasmania, and New
Zealand were successively visited ;

but incessant travel-

ling, climatal changes, and continuous work had begun
to tell on the constitution of this brave woman, who
suffered much in the colder regions. Now, the great

object was to make the collection of paintings as complete
as possible, and she spared neither her pocket nor her

person in trying to carry it out. Her book is so essentially
the history of her gallery at Kew that one cannot dis-

sociate them. The Australian journey was fruitful beyond
all others, and the Australasian section of the gallery is

perhaps the most attractive of all, being a marvellously

complete representation of the varied and curious flora

of that region. The homeward route was across the

Pacific, calling at Honolulu, landing at San Francisco,
and off at once to the redwood and mammoth-tree forests

for more painting. Then across America by the southern

route, and back to old haunts in the North-Eastern States,
and home again to open the gallery, which had been
built during this journey. Hanging the pictures was a

most laborious task, from which Miss North took no rest.

At this time the writer first made her acquaintance, and
was engaged by her to botanize the paintings and com-

pile a popular instructive catalogue. This occupied two
or three months ; and most interesting work it was, usually

brightened by her presence.
No sooner was the opening of the gallery accomplished,

than the terribly jaded donor of this munificent gift to

the public began to think of visiting new regions to

further enrich it. But I must be brief, for even to

catalogue these journeys occupies much space. South
Africa was next visited, and several months' uninterrupted

work, much of it done under trying conditions of failing

health, yielded so bountifully that it was determined to

build a wing to the gallery, for the existing walls were

already completely covered.

Miss North intended going from South Africa to Mada-

gascar, but the means of communication were irregular
and uncertain, and her health so bad that she returned

home ; but having to some extent recovered, she went the

following year (1883) to the Seychelles, to paint the beauti-

ful palms and screw pines of those islands. Even this did

not satisfy her, and she started on her last journey in

November 1884. Chili was her goal, and the principal

object of this long journey was to paint the Araucaria
imbricata in its home, as she had already painted the

Brazilian and Australian species. She also succeeded in

painting a considerable number of the characteristic

types of the vegetation of that country. But this voyage,
by way of the Straits of Magellan, tried her waning
strength very much, and a less energetic person would
have collapsed entirely. In the last chapter of her " Re-
collections

" we read that all was enjoyment until they
reached Bordeaux. " Then my nerves gave way again
(if they were nerves), and the torture has continued more
or less ever since." Beautiful Rio was touched on the

outward voyage, and on the homeward route, by Panama,
old friends were looked up in Jamaica. England was
reached in the spring, and it cost another year to re-

arrange the gallery ; the introduction of the South African,

Seychelles, and Chilian paintings entailing renumbering
throughout, in order to preserve the geographical order.

NO I I 74, VOL. 45]

The foregoing is an outline of her journeyings, but the
book should be got for the details, which are almost

always interesting, often clever and quaint. Here and there

one meets with uncompromising criticisms and descrip-
tions of persons that might have been expunged with

advantage. The descriptions of the vegetation of various

regions, with particulars of the principal elements, are

pleasant and instructive, often containing much original
information

;
and will be greatly appreciated by those

who frequent the gallery at Kew, of which the book, as

already stated, contains the history.

After completing her work at Kew, Miss North took an

old-fashioned house at Alderley, in Gloucestershire, where
she formed a charming garden ; but her constitution was

broken, her sufferings increased, and she died in August
1890. W. B. H.

AMERICAN TOWN TREES.

Our Trees. By John Robinson. (Salem : Horton and

Son, 1891.)

THIS
short account of the trees of an American town

and its neighbourhood consists of reprints of

newspaper articles written in 1890-91 for the benefit of

local readers : they have been re-compiled into book form

at the request of the directors of the Essex Institute, and

date from the Peabody Academy of Science, Salem.

Several points strike a careful reader of the book.

The writer draws special attention to the fact that the

articles, or chapters, are not intended as botanical essays ;

and the reader will probably decide that the remark was

unnecessary, for a more unscientific work dealing with a

scientific subject would be difficult to find ; but there is a

peculiar charm in a certain style of talks about natural

objects
—for instance, in some of the more chatty para-

graphs of White's "
Selborne," or Walton's "

Angler," and

even Evelyn's
" Flora "—which attracts the most devoted

student to refreshing looks around his subject-matter

from every-day points of view, and this little work

possesses that charm. Few facts of scientific importance
are met with in such writings, and still fewer of the

generalizations which make science what it is : the

specialist may even deride the writing as "
talkee-

talkee"—gossip, if you will ;
and even the broadest

thinker may be inclined to wonder why such articles

are written ; all this, and more, may be true, and yet
—

there is the charm, nevertheless, and it is very apt to

seem appropriate where trees and flowers are concerned.

Whether it is advisable that such writings should increase

is a matter likely to settle itself, simply and certainly,

because very few can produce them. A scientific work,

then, this is decidedly not. It is a series of homely
chats about trees, by one who knows and loves them.

The latter fact leads to another—namely, that such a

writer cannot help telling you something worth learning

even though it be by the way, and merely incidental.

In the first place we gather some ideas as to what trees

are common in the streets and gardens of a Massachusetts

town, and the evidently thriving condition of magnolias,

sumachs, maples, witchhazels, mulberries, hickories,

gingkos, catalpas, sassafras, and many other beautiful

trees, makes envious one who knows what difficulties are
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met with in this country in attempts to rear even present-

able ''

specimens
" of such favourites in our smoke-

beladen and crowded cities and suburbs.

Then, again, the English reader gathers some informa-

tion as to the Western popular names of trees, well known

to him by very different ones ;
how many English people

know what are the "cucumber-tree," the "yulan," the
"
buckeye," the "

butter-nut," and the
" button wood "

?

Bits of history also occur, and incidental notes on the

rates of growth of various trees, their ages, &c. So that,

after all, there are some dry facts in this singularly quaint

and simply written talk about trees. We must not claim

much for the work in this respect, however ;
and perhaps

the chief reason we like the writing is because of its con-

trast to the empty and inflated style of too many of our

native newspaper articles on similar subjects.

OUR BOOK SHELF.

Synopsis ofNon-Metallic Chemistry. By William Briggs,

B.A., F.C.S. Pp. 90. (London: W. B. Clive and

Co.)

This book is intended for students preparing for the

Matriculation Examination of London University. After
the contents of an ordinary text-book have been studied,
the reader is here supposed to find the more important
points which have to be remembered, and which serve

to recall the less important. Interleaved note-paper
is provided, whereon facts readily forgotten may be
recorded.

As is usually the case with such cram-books, little can
be said in favour of the quality of the information

supplied.
Formulae are stated to be "arrangements of letters

representing a molecule of a compound," and this defini-

tion is illustrated by regarding Fe304 as denoting a
molecule. The vapour-density of hydrofluoric acid is

given as lo, and the solubility of hydrogen in water as
"
practically the same at all temperatures from i° to 20° "

:

neither statement is up to date. Such antiquated terms
as basylous and chlorous^ which are freely employed,
might well be replaced ;

and to speak of distilling potas-
sium perchlorate with strong sulphuric acid is inaccurate.

The account given of fractional distillation is worthy of

reproduction. The mixture of liquids is heated "
up to

the lowest of the boiling-points of the liquids present.
The whole of that liquid (.'')

will be converted into vapour,
and can be condensed in the usual way. On heating the

remaining liquid up to the next boiling-point, we can

separate another of the constituents, and so on until they
are all separated out. The different liquids thus obtained
must be redistilled to get them quite free from the others,
small quantities of which tnay have been distilled over in

the first process."
This last extract is typical of the bulk of the knowledge

contained in the book, which, to say the least, savours

more of the class-room than the laboratory.
A table of contents, a glossary, and three appendixes

are provided. The last are concerned with the prepara-
tion and purification of substances and with the simpler
chemical calculations. A list, with answers, of numerical

examples set at the matriculation examinations is in-

cluded.

Chemical Calculations. By R. Lloyd Whiteley, F.LC.
With a Preface by Prof. F. Clowes, D.Sc, F.LC.

(London: Longmans, Green, and Co., 1892.)

This is still another addition to the numerous manuals
on chemical arithmetic, and the points wherein it differs

from its predecessors are somewhat difficult to discover.
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Once more we have specific gravity observations in

which corrections for temperature and air displacement
are ignored ; and although the author attempts to set

right the prevalent misconception as to the meaning of

density and specific gravity, it is questionable if he suc-

ceeds. According to him, specific gravity is always
relative ; it is the same magnitude as relative density.
The use of absolute specific gravity

—
or, shortly, specific

gravity with no temperatures of comparison attached—as

denoting the weight of unit volume, is here overlooked.

From a physical point of view, the definition of the

absolute density of a gas as the mass of iri6 litres is

a needless complication. In ascertaining the percentage

composition of a compound it is insisted that, first of all,

the molecular weight must be calculated. The examples
given to illustrate the rule include apatite, apophyllite,
basic lead chromate, &c. The student is thus led to

infer, here as elsewhere in the book, that the molecular

weights of such bodies can be fixed.

The freezing-point and boiling-point methods of ob-

taining molecular weights are disposed of in two pages.
No hint is given that the solutions must be dilute and

non-electrolytic, if consistent results are to be obtained ;

or that, in general, the interpretation of the results of

these methods is still subject to difference of opinion.
It is erroneous to state that "the alteration in the

volume of a gas is proportional to the so-called absolute

temperature," or to speak of " Dalton and Henry's law."

Henry's law is distinct from Dalton's, and is the older by
two years.
We have dwelt on some of the points which seem \.o

call for criticism. On the other hand, the book has its

good features. The problems are numerous, carefully

selected, and well arranged. Contents, answers, and
index are supplied. It seems to us, however, that,^

instead of being as good as several of its kind already
in existence, it, as a new book, should have been better.

The Year-book of Science. Edited for 1891 by Prof. T.

G. Bonney, D.Sc, LL.D., F.R.S. (London : Cassell

and Co., 1892.)

All who have any sympathy with scientific pursuits will

heartily welcome the appearance of this epitome of the

more important results of the investigations which were

published during the past year. Scientific inquiry now
covers so much ground that all men of science must be

more or less specialists, and it is difficult for them to

keep in touch with the developments in other branches

through the usual channels, although it frequently

happens that an advance in one subject may throw light

upon and induce investigations in another. There are

also many engaged in practical pursuits who require a

convenient means of determining how far contemporary
researches may be technically applied.
With a well selected staff of contributors, the editor has

attempted to meet the wants of all by the present volume,
which is divested as far as possible of technicalities. The

scope of the work is sufficiently defined by the following

paragraph from the editorial :
—

"
It is almost needless to remark that this volume is

not intended to be a record or catalogue of papers. The
endeavour of its projecters and compilers has been to

select those memoirs, in each several department, which

appeared to be of somewhat exceptional interest, either

by throwing light on special difficulties or by being

suggestive of further advances."

In a work of this kind strict impartiality is essential,

and we see no reason to suppose that the various con-

tributors have abused the power vested in them. On the

whole, the production is very satisfactory, and the im-

provements which the editor contemplates for the next

volume will make it more so. One can only wonder that

science has had to wait so long for a year-book of its
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Handy Atlas ofModern Geography. (London : Edward
Stanford, 1892.)

It would be difficult to obtain a small atlas more com-

plete than this. Every place of any importance appears
to be represented on one or more of the thirty coloured

maps. The degrees of latitude and longitude are sub-
divided into parts of five minutes each, so that the

positions of places, the names of which are not engraved,
can be easily and accurately located by reference to the

alphabetical list at the end. This list is a comprehensive
one. It gives the latitude and longitude of the principal

mountains, rivers, capes, bays, islands, towns, and villages,
and forms an excellent supplement to a very good atlas.

LETTERS TO THE EDITOR.

( The Editor does not hold himself responsiblefor opinions ex-

pressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected

manuscripts intendedfor this or any other part of Nature.
No notice is taken of anonymous communications.^

Aurora.

A VERY brilliant display of aurora was seen here last night,
the 25lh inst. At about 9.25 p.m. a number of red streamers

proceeded from a length of some 110° in azimuth along the
northern horizon, and extended upwards for (on an average) 30°.
The length of the streamers varied quickly, sometimes shooting
upwards for 70° from the horizon. In the course of five

minutes the red streamers gave way to white or yellowish white

ones, narrower and more sharply defined than the red ones.

At 9.40 p.m. there was a decrease in the brilliancy of the

phenomenon, but at 9.45 p.m. long red streamers again
appeared for a few minutes, which again shortly gave way to a

brightness of the horizon only. Close to the horizon the colour
was white, or nearly so, the whole time. The apparent point
of convergence of the streamers was far south of the zenith, say
30°. Geo. M. Seabroke.
Temple Observatory, Rugby, April 26.

Probably many of your readers witnessed the brilliant dis-

play of the northern lights between nine and twelve o'clock last

night, the 25th, but it may be as well to call attention to it, as

being the finest display seen here for many years. Appearing
soon after nine o'clock, the luminous arc and the radiating beams,
sometimes rose and orange coloured, presented a varied and
beautiful spectacle until close upon midnight, when they
faded away.

The most noteworthy features of this display were the vivid-

ness and height of the arc, which reached an angle of about 13°
above the horizon, whilst the beams were visible up to 51°. The
whole expanse of the arc from east to west was about 93°,
and the duration of the phenomenon a little under three hours.

Arthur Marshall.
Cauldon Place, Long Row, Nottingham.

A fairly distinct aurora was visible here on the northern
horizon last night. I first observed it at 9. 15, when the
streamers appeared somewhat less bright than the Milky Way.
Ten minutes later one streamer, about 15° west of north,

brightened considerably, and appeared of a pale reddish-yellow
tint. It fluctuated in mtensity, and soon became less bright.
The streamers, which inclined slightly to the west of the vertical,
extended to about 30° to 40° above the horizon.

I watched them till 9.50, when they seemed fading in intensity,
and when I looked again at 10.30 they had disappeared entirely.

Arthur E. Brown.
Thought Cot, Brentwood, April 26.

Pigments of Lepidoptera.
The appearance of Mr. F. Gowland Hopkins's letter on this

subject in the last issue of Nature (p. 581) demands a brief

explanation from me—although it is not easy to reply satis-

factorily within narrow limits—and the more so since Mr.

Hopkins appears to have somewhat misunderstood my stand-

point.
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Let me first acknowledge the courteous tone of Mr. Hopkins's
letter, and express my sense of the value to myself of

criticism from his pen, and the more so since I have been

labouring under the disadvantage of being practically entirely
uncriticized so far—a disadvantage that 1 have not failed to

appreciate.

Now, Mr. Hopkins remarks : "Mr. Coste's experiments are

very useful as forming a method of classifying these pigments ;

but . . . they are of far too empirical a nature for any con-
siderations as to the constitution of the bodies to be based upon
them."
Here it is that Mr. Hopkins appears to have missed the point

of my work. If he will do me the favour to refer to the
detailed account ofmy experiments in the Ento7nologist, passim, I

think that he will find it tolerably clearly emphasized that my
interest in this work, so far, has been almost entirely biological.
I stated expressly in my opening article that my object had
been to discover, if possible, the genealogies of the colours, and
to obtain evidence (so far as coloric characters could afford it)

of the phylogenetic relations of allied species : and I may perhaps
add that the results obtained have enabled me to predict several

varieties of whose occurrence in the natural state I have since

been informed. So that Mr. Hopkins is mildly reproaching
me because my work does not tend in a direction at which it was
not originally aimed, while he is at the same time good enough
to admit that it is of some use for the end at which it was aimed.

However, it was only to be anticipated that one could not go
very far without becoming involved in the further question as

to the constitution of the pigments ;
but here I was met by

three considerations. In the first place, I was anxious to obtain
first of all as much as possible of what Mr. Hopkins designates
"empirical" evidence as to the reactions and classification of

the pigments before making any researches at all into their con-
stitution ; secondly, the amount of material at my command was
far too scanty for any even approximate analysis ;

and in the
third place, shortly after my experiments had been commenced,
my attention was drawn to an abstract of a paper by Mr.

Hopkins on the constitution of the yellow pigments. Finding
that he was already in possession of the field here, I felt almost
bound to leave this part of the subject alone, at least for the

present ;
and I think that I may say that I have on the whole

taken exaggerated care not to extend my experiments into that

quarter where Mr. Hopkins was engaged, or to avail myself of

the discoveries that he had already made, in order to trespass
on his investigations. Putting aside my provisional suggestions
as to the nature of the "reversion effect," it has only been at a

comparatively recent stage of my work, and in consequence of

experiments that have not yet been published, that I have at all

turned my attention to the constitution of the pigments ;

these results being such as would have compelled me to consider

the question even had I heard nothing of Mr. Hopkins's work.
I hope that this explanation will put me right in Mr. Hopkins's
eyes, and will satisfy him that he has considerably misunder-
stood the spirit of "some remarks [perhaps clumsily expressed
by me] made at the close of the last article

"
; and that it will

also satisfy him as to the question of priority. I had no thought
of questioning Mr. Hopkins's priority in his own work, and the

less so since I have throughout been under the impression that

we were working mainly on different—though sometimes

adjacent—lines.

I must not so far trespass upon your space as to criticize Mr.

Hopkins's criticisms upon the
" reversion effect

"
; but I will

ask him kindly to examine the detailed accounts of the

"reversion" experiments which I gave in the Entotnologist,
since his remarks appear to me somewhat to ignore the evidence

there brought forward : and at the same time I may remark that

his statements as to the constitution of the yellow pigments
appear to me hardly to invalidate, but rather indirectly to confirm,
the suggestions made by me as to the reversion reaction with red

pigments. The new information that Mr. Hopkins promises in

his closing paragraph I shall look forward to with great interest.

April 22. F. H. Perry Coste.

I WAS about to pen some remarks on Mr. Perry Coste's recent

articles on this subject, when a letter from Mr. Gowland

Hopkins in the last number of Nature (p. 581) expressed

substantially the same views as those which I had arrived at.

I write now rather to support Mr. Hopkins in his strictures

than to offer any fresh criticisms of my own. The articles on
"Insect Colours

"
published in these columns are, as the author
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states, to be regarded in the light of an abstract of a series of

more extended papers published in the Entomologist. The

papers in the latter publication from their title led us to suppose
that Mr. Coste had made some contribution to our knowledge
of the chemistry of insect pigments. I read them from month
to month in the hope of getting new light on this subject,
which is of such general interest to both chemists and

biologists : I regret to say that I have been grievously

disappointed. The experiments thus far described amount

simply to the fact — not altogether astonishing
— that

strong chemical reagents modify the colours of Lepidop-
terous pigments or in some cases dissolve them out of the

wings. The bearing of these observations on the chemistry of

the pigments is so remote as to be practically useless until we
know something of the chemical nature of these pigments. The
methods adopted by Mr. Coste are not likely to advance our

knowledge in this direction very much, and it is certainly re-

markable that in treating of yellows he makes no reference ^ to

the only real contribution to the chemistry of Lepidopterous
pigments, viz. the experiments made by Mr. Hopkins, and

published in the Proceedings of the Chemical Society in 1889.
Mr. Coste is no doubt acquainted with those South American

Papilios with a large red spot on the hind wing, which spot
loses its red colour and becomes of a brilliant metallic bluish

green when the wing is tilted so that the incident and reflected

rays form a very wide angle. The colour is in this case doubt-
less a mixed result, partly due to pigment and partly to inter-

ference. Now, anyone who has observed this and other similar

colour phenomena in insects might describe his observations as

contributions to the physics of insect colours. If he thought
proper to adopt this course, he would be misleading physicists.
The observation of the bare facts is as much a contribution to

the physics of insect colours as the statement that a rainbow can
be seen in the sky is a contribution to the physics of illuminated

water-drops. It seems to me that Mr. Coste's experiments bear
the same relationship to the chemistry of insect colours that the
mere observation of interference colours in insects bears to the

physics of insect colours.

Quite independent of the facts recorded by Mr. Coste is the

interpretation which he puts upon them. Here I must de-

cidedly express dissent. It cannot be admitted, because by the
action of certain reagents green is changed into yellow or red
into yellow, that this indicates the evolution of green or red
from yellow. There is no evidence that this result is a reversion
effect at all. The analogy between the action of strong acids
in modifying the colour of an animal pigment and the effect of
true reversion is forced, and has no parallel in natural pro-
cesses. Hot water is a chemical reagent ; by its action on the
brown pigment of the lobster the latter becomes red. If from
this observation I drew the inference that the ancestral lobster
was red, and that the hot water produced a reversion effect, I do
not think that Mr. Coste would agree with me.

R. Meldola.
Oxford, April 24.

Eozoon.

Mr. Gregory has, I fear, slightly mistaken the meaning of

my remarks, which were intended rather to excuse than to blame
him. The specimen of Eozoon collected by the late Mr.
Vennor at Tudor was figured in connection with my paper of

1867 as a type specimen, in so far as macroscopical characters
are concerned

; but it does not follow that slices from specimens
less perfect in that respect, and now in my collection, may not
be more instructive as showing minute structures. I may refer

in this connection to the three specimens from Tudor and Madoc
(Madoc being in the same formation with Tudor) figured by
Dr. Carpenter in our original paper in the Journal of the

Geological Society, vol. xxiii., pi. xii., Fig. i. If anyone will

take the trouble to compare these with the figures in Mr.

Gregory's paper in the same Journal, vol. xvii., he will have a

singular and impressive illustration of the diflerent ways in
which things supposed to be the same may appear to observers
of different types.

Mr. Gregory is in error in supposing that he could see in the
cases of the Peter Redpath Museum my specimens from Tudor
and Madoc. I have not yet been able to place there any portion
of my microscopic cabinet of Eozoon ; but only a few hand

' At least in Nature : I have not the Entomologist at hand where I am
writing.
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specimens sufficient to show students the ordinary types of the
fossil.

As to the Laurentian age attributed to the Tudor beds, I have

already explained that this I subsequently regarded as an error,
and so stated not long after the date of the paper of 1867. I

now regard them as less ancient, though of pre-Cambrian age.
I shall be happy to show to anyone my little collection from

Tudor and Madoc, including specimens in which Carpenter
detected the canal system ;

but of these particular specimens I

have unfortunately no duplicates for distribution, and would

prefer to exhibit the slices in the modes I have found best

suited for the development of the structures ;
as otherwise there

might be some doubt whether the resulting impressions would
more resemble Mr. Gregory's figures or Dr. Carpenter's.

Montreal, April 6. J. William Dawson.

The Theory of Solutions.

I AM glad to see that as to the main point, the character of

the "gaseous laws" of solutions, there seem to exist no more
differences between Mr. Rodger and me. For Mr. Rodger, in

his letter on p. 487 of Nature, limits his remarks to some
dialectical expressions, to cover an honourable retreat. I wish

not to follow him on this way, because it is an endless one.

As to the application of van der Waals's formula on solutions,

Mr. Rodger is now forced to confess that this application is not

so "meaningless" as he has formerly written; but he asserts

that, shortly spoken, the form of application given in my book
is so. To say the truth, if I have to choose, as in this case,

between the agreement of a formula with Mr. Rodger's opinion,
and the agreement of this same formula with experiment, I prefer
the latter. W. Ostwald.

Leipzig, April 12.

Physiological Action of Diminished Atmospheric
Pressure,

With reference to the effect of diminished atmospheric
pressure on the vital powers, alluded to in Prof. Bonney's
review of Mr. Whymper's

" Travels among the Great Andes of

the Equator" (Nature, April 14, p. 561), I do not know
whether it is worth while recalling the well-known fact that

numerous passes in the Himalayas, ranging from 17,000 to

19,000 feet, are habitually traversed by the hillmen, in the

summer, with their flocks of sheep and goats carrying borax, &c.

The highest pass is said to exceed 20,400 feet. In the same
mountains Messrs. Schlagintweit reached an altitude of about

22,200 feet (Proc. As. Soc. Bengal, January 1866), while Mr. W.
W. Graham ascended to 23,500 feet in 1883 (Nature, September
II, 1884). I have myself, on several occasions, been to elevations

of 17,000 to 19,000 feet, and beyond shortness of breath when

climbing, never experienced any ill efifects except once, when I, the

four plainsmen with me, and three out of a considerable number
of hillmen, felt severe headache during the evening after crossing
a high pass. My companion on one trip, however, almost

invariably suffered very severely from mountain sickness under
similar circumstances. F. R. Mallet.

18, The Common, Ealing.

Sensitive Water Jets.

A FORM of this effect lately presented itself, which seemed in

some ways new. A thin jet, 5 feet high and arched so as to be

3 feet at the base, was falling in a feathery spray. At 13 feet

distance a small Wimshurst machine was set going : not

instantly, but after two minutes, the spray gathered itself up
almost into one clear line : although the jet was turned up and
down and the machine was discharged the falling water would
not resolve itself again into spray for fifteen or twenty minutes.

It is difficult to imagine the medium for this action : it is too

indefinite, perhaps, to suppose that an indicator is found for the

trembling of a disturbed ether while it is dying down.
The well-known experiment is not known enough, for it is not

often described in books. Take a glass rod, electrified ever so

little, to a certain point ;
at once the jet collects itself ; a slight

move away brings back the old disorder, while an inch nearer

makes things much worse. It is a striking illustration to

help one to imagine what the electrical forces of the air may do
We can perhaps understand those thick thundery rain-drops,
that almost allow us to pass between them while they are giving

friendly warning of what will come. W. B. Croft.
Winchester College, April 14.
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Double Orange.
The abnormality in a Maltese orange described in Nature

of April 7 (p. 534) would appear of common occurrence in the

Queensland or South Australian fruit. A friend assures me that

in a case recently received from Australia, 80 per cent, of

the contents showed small oranges, more or less perfect, either

embedded in the pulp or in the rind. The quality of the fruit

I observed was in no way affected. It would, however, be

interesting to obtain further testimony. Although the small

oranges may not affect the commercial value of the fruit, their

presence must be undesirable in the groves where perfection is

sought. Gerald B. Francis.
Katrine, Surbiton.

ON THE LINE SPECTRA OF THE ELEMENTS,
nPHE distribution of the lines in the spectra of the
-* elements is by no means so irregular as it might seem

at first sight. Since Lecoq de Boisbaudran, in 1869, dis-

covered the general plan in the spectra of the alkali

metals, a number of interesting facts have been brought
to light, which will probably one of these days find their

mechanical explanation, and will then greatly advance our

knowledge of the molecules.

Mechanical explanations of some of the facts have
been attempted already. Lecoq de Boisbaudran explains
the fact that the rays of the alkali metals are, on the whole,
less refrangible the greater the atomic weight, by observing
that the oscillations of a body suspended in a given
elastic medium will become less frequent when the mass
of the body is increased. This explanation, however,
seems to me to remain rather vague and unsatisfactory
as long as it does not lead to any numerical results that

agree with the observations. Taken literally, it makes
the oscillation-frequency inversely proportional to the

square root of the atomic weight, which is far from being
the case.

A second well-established fact has received different

explanations by Julius
^ and by Johnstone Stoney.^ It has

long been observed by Hartley that in the spectrum of

several elements a number of doublets or triplets of lines

appear, the oscillation-frequencies in each doublet or

triplet differing by the same amount. Recent measure-
ments by Prof. Kayser and myself have confirmed this

observation. Julius believes that this phenomenon is

due to a cause analogous to the combination tones in the

theory of sound.
If two rays, with oscillation-frequencies a, /iJ, combine

with other rays, p, q, r, s, to oscillation-frequencies

p + a

/ + j3

q + a + a

+ J8

+ a

+ J8,

the same difference a -
(3 will occur several times. That

the doublets under consideration are in many cases re-

markably strong is accounted for by the fact that the

intensity of the combination tone is proportional to the

product of the intensities of the primary tones, so that it

must become very strong when the amplitude of the

primary tones is sufficiently increased.

Johnstone Stoney gives a different explanation of the

doublets. He supposes that the path of the molecule
from which light emanates is an ellipse, which by dis-

turbing forces is gradually changed, and he shows that

on this supposition, instead of one ray, two rays or more
would originate, and the oscillation-frequencies of these

rays would differ by an amount depending on the rate of

change of the ellipse. If now, instead of the ellipse, the

path of the molecule is any other curve, it can be con-

sidered as consisting of a number of superposed eUipses,
all of which change in the same way on account of the

disturbing forces. To each of the ellipses a doublet of

lines corresponds, and the oscillation-frequencies of each

'
Julius, Ajinales de VKcole Polytechiiique de Delft, tome v. (1889).

^
Stoney, Trans. o{ the Roy. Dublin Soc. , vol. iv. (1891).
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doublet differ by the same amount. In this explanation
I do not understand the decomposition of the arbitrary
curve in a series of superposed ellipses. For the move-
ment is supposed not to be periodical, and Fourier's
theorem then would not apply, at least the periods of the

superposed ellipses would not be definite, as long as there
are no data except the arbitrary curve itself.

Besides, both Johnstone Stoney and Julius only try to

explain one of a number of regularities that have been
observed in the spectra of the elements. A plausible
suggestion about the movement of the molecules ought
to explain more than one of the observed phenomena. I

think it may be useful to point out the other regularities
that have been observed in the distribution of lines, and
for which as yet no mechanical explanation has been
attempted.

(i) The doublets and triplets existing in the spectrum
of an element can be arranged in series which show an
appearance of great regularity. These series seem to be
analogous to the over-tones of a vibrating body. But
they possess a remarkable peculiarity, which, as far as I

know, is without analogy in the theory of sound. The
difference of two consecutive oscillation-frequencies de-
creases as these increase, and there seems to exist a
finite limit to the oscillation-frequencies of a series. If n
represents integer numbers, the oscillation-frequencies of
a series may with great accuracy be represented by the
formula—

A - B«-2 -
Ck-*,

where A, B, C are positive constants. B has nearly the
same value for all the series of the different spectra. A
is the limit towards which the oscillation-frequency tends,
when n increases.

(2) For elements that are chemically related, the series

are distinctly homologous, both in appearance of the
lines and in the values of A, B, C, and with increasing
atomic weight shift towards the less refrangible end of
the spectrum. Homologous series have been observed in

the following groups of elements :
—

Lithium, sodium, potassium, rubidium, caesium
;

Copper, silver ;

Magnesium, calcium, strontium ;

Zinc, cadmium, mercury ;

Aluminium, indium, thallium.

In the first two and in the last group the series consist

of doublets,^ while in the remaining two groups they con-
sist of triplets. Thus we may say that the spectrum
shows a relationship between the elements similar to

that between their chemical properties. It is interesting
to note that magnesium forms a group with calcium and
strontium, and appears more nearly related to them than
to zinc, cadmium, and mercury.

(3) The doublets and triplets in each group broaden as
the atomic weight increases. In the first group the

difference of oscillation-frequencies is nearly proportional
to the square of the atomic weight. The constant differ-

ence of the oscillation-frequencies in the doublets and
triplets may also be noted in the values of A, B, C. For
a series of doublets or triplets we have two or three
different values of A, but only one value of B and one
value of C.

(4) In each of the spectra of sodium, potassium, rubi-

dium, and csesium, a series of doublets has been observed,
in which the oscillation-frequencies do not differ by a
constant amount, the difference diminishing inversely

proportional to «*. For these series A and B have only
one value each. The least refrangible doublet of the
series has the same difference of oscillation-frequencies
as the doublets in the other series of the same element.
In the spectrum of lithium there is a homologous series of

single lines. All the lines of these series have the same
' Lithium has here to be excepted, whose lines are all single.
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character ; they are strong and easily reversed, and in

all of them the first doublet is situated on the less refran-

gible side of the spectrum, and all the others in the violet

and ultra-violet. The series shift towards the less re-

frangible side with increasing atomic weij^ht.

For further details the reader is referred to the follow-

ing memoirs :—Kayser and Runge,
" Ueber die Spectren

der Elemente," Abhandl. der Berl. Akademie, 1890-92;

Rydberg,
" Recherches sur la constitution des spectres

d'^mission des elements chimiques," Kongl. Svenska

Vetenskaps-Akademicns Handlingar, Bandet 23, No. 11,

1890, C. Runge.

ABERRANT FOSSIL UNGULATES OF
SOUTH AMERICA .

npiLL within the last few years palaeontologists and
'

zoologists were being continually startled by the

discovery of strange forms of extinct Ungulates which
rewarded the researches conducted in the Tertiary rocks

of the United States. The animals thus brought to the

notice of the scientific world have, to a very large extent,
modified our conceptions of the relationships of the

various groups of hoofed or Ungulate Mammals to one
another ; and have led to the very general adoption of

the view of the ordinal unity of all these multifarious

types. Several of them, indeed, so far as we may judge
from their mere skeletons, indicate signs of a transition

between the Perissodactyle and Proboscidean modifica-
tions of Ungulate structure ;

but none of them tend in

the least degree to break down the hard and fast line of

demarcation between the Perissodactyle (odd-toed) and

Artiodactyle (even-toed) modifications, which is main-
tained throughout all the known Tertiary deposits of the

Old World. Moreover, after a little
"
shaking down,"

the whole of these North American Ungulates, with the

exception of the curious Rodent-like Tillotherium, fall

fairly well into their places in the Ungulate order ;

although some of the earlier and smaller types pre<?ent
indications of close affinity with the common stock from
which we may presume both Ungulates and Carnivores
to have taken origin.
At the present time the wave of discovery of new forms

appears to be passing from the northern to the southern
half of the New World

;
so that while the palaeontologists

of the United States are to a great extent engaged in the

important task of revising and completing the preliminary
work of the last twenty years, their confreres in Argentina
are almost flooding scientific literature with descriptions

—
sometimes, it is to be feared, rather crude and hasty ones—of a number of new or hitherto imperfectly known forms
of extinct mammals. This descriptive work has been
mainly undertaken by Messrs. Ameghino, Burmeister,
and Moreno. Unfortunately, however, the greater part
of it is still in the form of preliminary notices, unaccom-
panied by illustrations

;
while on several points the three

describers above mentioned are by no means in accord, and
it is quite clear that unnecessary names have frequently
been published. There is, indeed, one large illustrated
work published by Dr. Ameghino ; but since, so far
as we are aware, there is only a single copy (in the
Natural History Museum) in England, palaeontologists
have not the opportunity of paying it that attention in

private study which its importance demands.
In spite, however, of these drawbacks, the information

at present before us—imperfect though it be—introduces
us to several groups of extinct Ungulates totally unlike

any found in all the rest of the world put together, and
which are of especial interest as tending to a certain ex-
tent to break down the distinction between Perissodactyles
and Artiodactyles. It should be observed, before pro-
ceeding further, that the explorations conducted in
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Patagonia and various parts of Argentina have shown
that the deposits containing mammalian remains, instead

of being exclusively of Pleistocene age, comprise a large

portion of the Tertiary period, probably extending down
at least as far as the Oligocene ; although the exact

correlation of the different beds with European deposits
is probably premature.
With these preliminary observations, and asking our

readers at the same time to bear in mind that a consider-

able part of our knowledge is still in a very imperfect and
crude condition, we propose to glance at some of the

peculiarities presented by the more remarkable forms

of Ungulates described from the deposits in question.
Since the date of the publication of the results of

Darwin's voyage in the Beagle, we have been gradually

acquiring a knowledge of the structure of that remark-
able South American Ungulate known as Macrauchenia,
of which the complete osteology has been described by
Burmeister. This animal, which had the general propor-
tions and size of a horse, conforms in several respects

—
more especially in having three-toed feet, in which the

middle (third) digit is symmetrical in itself—so markedly
with the Perissodactyles, that by common consent it has

been generally regarded as an extremely aberrant mem-
ber of that group. The molar teeth are, indeed, more
like those of the Rhinoceros and Palaeotherium than of

any other Old World Ungulates, while the infolding of

the enamel of the crowns of the incisors is a character

known elsewhere only in the horses. The absence of

any gap in the dental series, and the nearly even height
of the teeth, are characters in which Macrauchenia agrees
with the 0\dWor\d Anoplotherium. Perissodactyle affini-

ties are indicated by the presence of a third trochanter

on the femur ; but in certain peculiarities in the ankle-

joint this animal differs from all typical Perissodactyles,
and agrees with the Artiodactyles. Moreover, a certain

peculiarity of structure in the vertebrae of the neck is

repeated elsewhere only in the camels and llamas, which
form an isolated group of Artiodactyles. In the complete
closure of the orbit by bone, Macrauchenia resembles

the horses and many Artiodactyles ;
but in the narial

aperture being situated on the top of the skull between
the orbits (whence the nostrils were probably produced
in the form of a proboscis), it is absolutely peculiar.
There are thus many indications that, while Macrauche-

7iia is a specialized form that can in no sense be regarded
as the ancestral type from which Perissodactyles and

Artiodactyles have originated, it retains certain generalized
features which were probably directly derived from such

ancestral stock.

Among the Ungulates discovered in Patagonia is

one named Proterotherium, which was at one time re-

ferred to the Artiodactyles, but subsequently placed among
the Perissodactyles. In the skull, so far as can be

gathered from Ameghino's description, the orbit is closed,
as in Macrauchenia, but the narial aperture appears to

have had the normal position. The molar teeth are so

like those of true Perissodactyles that they were origin-

ally described under the name oi Anchitherium ; but the

rest of the dentition is very peculiar. Thus, in the upper

jaw there appears to have been only a single pair of in-

cisors in the premaxillae, these being pyramidal and

obliquely truncated like the canines of the pigs ;
and as

there were no canines, it may be inferred that there was
a long toothless interval in the jaw. In the lower jaw
there were two pairs of incisors, and no canines. The
lower molar teeth were inserted by four distinct roots—a
feature unknown in any existing Perissodactyle, although

occurring in the pig. In the limbs, both the front and
hind feet were furnished with three complete toes, much

resembling those of Hipparion ; the ankle-joint is, how-

ever, said to resemble that of the Artiodactyles. We
have no information as to the third trochanter of the

femur. On the whole, this genus appears to indicate a



April 28, 1892] NA TURE 609

Perissodactyle-like Ungulate, somewhat more specialized
as regards its dentition than Macrauchenia, but exhibiting

strongly-marked Artiodactyle affinities in the ankle-joint.
Still more remarkable are the generalized affinities dis-

played by the group known as the Toxodonts, of which
the first representative was also discovered during Darwin's
memorable voyage. These Ungulates cannot be included
in either the Perissodactyla or Artiodactyla, and, there-

fore, come nearer the original generalized Ungulate stock

than the animals already noticed. Toxodon, from the

Pleistocene of Argentina, was of the approximate size of

a Hippopotamus, and its osteology is tolerably well known.
It takes its name from the curvature of the molar teeth,
which approximate in structure to those of the Rhinoceros,
and, like the incisors, have ever-growing roots. The front

teeth are separated from the cheek-teeth by a consider-

able interval ;
the upper dental series being reduced in

number by the loss of the outermost incisors and the

canines, and the lower by the disappearance of the first

premolars ;
the lower canine is, moreover, rudimentary.

The feet conform to the Perissodactyle type in having
three toes, of nearly equal size, and also in the inter-

locking of the bones of the upper and lower rows of the

wrist- and ankle-joints. In the absence of a third tro-

chanter to the femur, and also in the articulation of the

fibula with the calcaneal bone of the ankle, as well as

in the structure of the palatal and tympanic regions of

the skull, Toxodon is, however, constructed on a decided

Artiodactyle type ;
so that its characters are to a great

extent intermediate between the existing members of the

two groups.

Going back to the earlier Tertiaries of Argentina and

Patagonia, a number of Ungulates allied to Toxodon,
but with much more generalized characters, have been

brought to light. The skulls from Patagonia brought
back by Darwin, and named Nesodon, also belong to this

same generalized group. In Nesodon there is the full

complement of 44 teeth ;
and the same formula also

obtains in the recently described Protoxodon, in which
the feet are known to have been tridactylous in both

limbs, although retaining rudiments of the metacarpals
of the first and second digits, and being of a longer and
more slender type than in Toxodon. The allied animals
described as Acrotherium, some of which were about the

size of a pig, present a peculiarity totally unknown among
other Ungulates ; and, indeed, in any Eutherian Mammals
except some individuals of the small African long-eared
fox {JDiocyon). This peculiarity consists in the presence
of eight cheek-teeth on either side of each jaw ; the con-

stancy of this character being proved by its occurrence
in a considerable number of specimens. Whereas, how-

ever, in Otocyon the eight cheek-teeth are reckoned as

four premolars and four true molars, in Acrotherium
there are said to be five premolars and three true molars.

If this interpretation be correct, it is difficult to point out

a probable derivation for this most remarkable type of

dentition, since no other heterodont mammals are;;definitely
known to have more than four premolars.

If, however, the cheek-teeth really prove to be four

premolars and four true molars, there might be a possi-

bility of direct inheritance of the fourth molar of the

Marsupials, although even then there is the difficulty
that none of the Lower Eocene Ungulates of the United
States are known to have possessed more than three of

these teeth. And the probability accordingly suggests
itself that the additional tooth may be an acquired re-

dundancy. There are a number of other more or less

closely allied types which have received distinct generic

names, such as Colpodon and Adinotherium, but it is at

present somewhat difficult to realize all their distinctive

features and peculiarities. One genus, however, if the

specimen on which it was established is normal, is so

remarkable as to call for special notice ;
and taken
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together with Acrotheriuin seems to show that these
South American Ungulates ran riot in the disregard of
all rules as to the number and arrangement of their

teeth. The genus in question is Trigodon, founded

upon the lower jaw of an animal about the size of a pig,,

but evidently related in the structure of its cheek-teeth to

Toxodon. In this mandible the middle of the extremity
of the long and narrow symphysis is occupied by a single

cylindrical incisor tooth, flanked by a pair of larger in-

cisors, and these, again, by the still larger triangular
canines. If normal (and from Dr. Moreno's description
and figure it would seem to be so) this single median
incisor is totally unique in the whole mammalian class.

A still more remarkable and puzzling group is typically

represented by the long-known Typotherium from some of

the Tertiaries of Argentina, which, while presenting many
dental characters connecting it with the Toxodonts, has

upper incisors resembling those of the Rodents ; with

most of which it also agrees in the presence of clavicles,
which are invariably absent in all true Un^'ulates. The
number of the teeth is similar to that obtaining in many
Rodents, with the exception that there are two pairs of

lower incisors. An allied type has, however, three pairs
of these teeth, thus departing further from the Rodent

type ;
and the skull of both genera is constructed on the

Ungulate plan. All the teeth are rootless. From other

beds in Argentina we have the genus described as Hegeto-
therium, which, while having rootless teeth, differs from

Typotherium in possessing the whole typical series of 44,
without any marked interval between them. Here, then,
we have almost entirely lost the Rodent features which are

so marked in Typotherium, and thus revert nearer to a

normal Ungulate type ; it is unknown whether clavicles

were present. Still more generalized is an allied group
typified by Interathcrium, in which the dentition is

always complete, the anterior premolars have distinct

roots, and the incisors conical roots. This genus and
the allied Protypotherium thus appear to be connected
both with Typotherium and the Toxodonts

;
the specific

name rodens applied to one of the species of Protypo-
therium apparently indicating the existence of Rodent-
like upper incisors.

The existence of these intermediate forms renders it

exceedingly difficult to come to any satisfactory conclu-

sion as to whether Typotherium really has any genetic

affinity with the Rodents (among which it was placed by
the late Mr. Alston) ;

for if there be such relationship it

would seem to imply the descent of all Rodents from a
form more or less closely allied to Interatherium—a view
which can scarcely be maintained.
That these Typotheroids were, however, in some

manner connected with the Toxodonts is tolerably clear ;

and there are nearly equally clear indications of a more
or less distant connection between the Toxodonts and
the Macrauchenias. The most probable explanation of

the latter relationship is that both groups took origin from

generalized Ungulates allied to those found in the Eocene of

the United States, and known as the Condylarthra, which

appear to have been the common ancestral stock of both

the Artiodactyle and Perissodactyle modifications of the

order. On this view the retention of characters common
to both the groups last-mentioned by the Toxodonts and
Macrauchenias is readily accounted for

;
the Macrau-

chenias having acquired sufficiently well-marked Perisso-

dactyle characters to admit of their inclusion in that

group, while the Toxodonts cannot be placed in either

of the two existing divisions of typical Ungulates. Having
thus diverged at an early epoch (perhaps in the neigh-
bourhood of Central America) from the original general-
ized Ungulate stock, the ancestral Toxodonts and
Macrauchenias become the dominant forms in South

America, where they appear to have developed into

such numerous and unexpected modifications of struc-



6io NATURE [April 28, 1892

ture, as to render the task of deciphering their mutual

relationships and determining their exact systematic posi-
tions an exceedingly difficult, if not an impossible one.
At the same time, however, it does not appear to us that
the existence of these puzzling and aberrant types need
interfere in the least degree with the commonly-accepted
classification of the Ungulates, although there may be

legitimate doubt as to the propriety of including the
Macrauchenias among the Perissodactyles, instead of

retaining them with the Toxodonts as a special group,
exhibiting on the one hand many generalized features,

coupled with extreme specialization in other respects.
R. L.

THE CHANGEFULNESS OF TEMPERATURE
AS AN ELEMENT OF CLIMA TE.

/^NE of the features in which the climates of great^^ continents most contrast with those of oceanic

islands, and those of higher latitudes with the climates
of the tropics, is the greater range through which the

temperature varies between night and day, and between
winter and summer. Another, perhaps not less im-

portant, is the greater changefulness of the temperature
from day to day. Both of these are comprised under
the general expression variability of temperature^ and
they are similar in their effects on living organisms, but

they depend on very different causes, and in their local
association are often manifested in very different

degrees ; places with a great annual and diurnal range
of temperature, displaying great constancy of climate
at any given season of the year, while others, at which
the former variations are moderate in amount, are,
nevertheless, subject to irregular vicissitudes of consider-
able magnitnde. The Punjab and Sind may be cited as

examples of the former class, Western and* Central

Europe of the latter.

Now, although from a sanitary point of view these
two kinds of variation are of equal importance, the

degrees in which they have respectively engaged the
attention of climatologists and others are strikingly
different. While the daily and annual range of tempera-
ture of all the more important and many minor places
that have furnished meteorological registers are now
well known, or are easily ascertainable from published
records, the first systematic inquiry into the changeful-
ness of temperature as an element of climate was that
made by Prof Hann in a memoir published in the

Sitzungsberichte of the Vienna Academy of Sciences in

1875. I" this paper, Dr, Hann tabulated the results of

ninety stations, seven of which are situated in the
southern hemisphere, and the remainder chiefly in

Europe, Siberia, Canada, and the United States. The
extraction of the data was not a little laborious, since it

consisted in taking out from the daily registers, of gener-
ally from five to ten years, the differences of the mean
temperatures of every pair of successive days throughout
the whole period ; then classifying them according to

algebraic sign, as rises or falls of temperature, and also,
in certain cases, according to their incremental values.
The means of these different categories were then taken
month by month, and the results are given in numerous
tables in the memoir. The changefulness of tempera-
ture at any given place is the general mean of all

changes during the period considered, irrespective of
their being rise or fall. As instances of these, I take the

following three stations, representing respectively the
climates of Siberia, England, and Canada. They show

I The term "
variability

"
of temperature, adopted by Mr. Scott for the

element now in question, has been already used in so many different senses,
that in this paper I have adopted in preference the term "changefulness,"
Tvhich is not open to the same objection.

the average change of any two consecutive days on the
Fahrenheit scale.
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be still greater. In order, therefore, to obtain com-
parable values, even for neighbouring stations, it is

essential that the data compared should be those of the
same interval.

Both as regards season and amount, the changeful-
ness of temperature depends very greatly on local geo-
graphical circumstances, so that neighbouring places
very often differ greatly from each other. In Europe
it increases from west to east and from south to north,
in both cases towards the interior of the continent. It

increases also on the whole with altitude, but very irre-

gularly, being great on exposed plateaux, and compara-
tively small on mountain peaks. Places situated in

valleys show very great differences, according to their

exposure. Among the Austrian stations, those on the
southern slopes of the Alps have the greatest vicissitudes,

owing to the warmth they acquire in sunny weather and
the consequent greater fall of temperature when a change
of weather sets in. In general the changes of temperature
at high elevations are greater than at low altitudes in

summer, but less in the winter season. In the high
mountain valleys in spring the changes are much smaller
than on the neighbouring plains.

In the British Isles, Mr. Scott found that the number
of rises exceeding 5° between any two consecutive days
was greater than the number of falls of the same amount,
and also that the mean value of the rises exceeds that of
the falls. In Austria, also, except in the Southern Tyrol
and on the coasts of the Adriatic, rapid rises are greater
than rapid falls in the winter, and less in the summer

; but
on the whole the former preponderate. In the south,
however, rapid falls are greater than rapid rises at all

times of year, and therefore also on the mean of the

year. This peculiarity is a still more marked charac-
teristic of lower latitudes, since in Northern India it was
found that rapid falls are about three times as numerous
as rapid rises, and on the whole greater in amount.
The duration of rises of temperature is somewhat

greater than that of falls, and both are rather greater at

mountain stations than at low levels. Thus the passage
of a wave of temperature, on the mean of the two
stations Klagenfurt and Salzburg, occupies, on an average,
4'56 days, on the Sonnblick 4'93 days ; or, in other words,
6J waves pass within the month at the higher and 7 at

the lower stations. The longest period of continuous

cooling that occurred at any station was ten days at the
mountain observatory of Hoch Obir, and the longest
continuous rise of temperature ten days at Klagenfurt.
There is a marked annual periodicity in the length of

the temperature waves, with two epochs of maximum,
viz. in March and September, and two of minimum, in

July and December. From the data afforded by certain

stations in Austria and Saxony, Dr. Hann computes
the following formula for their annual variation in Central

Europe—

4'8l3 + 0*138 sin (26° 45' + x) + o'i64 sin (318° 27' >r2x).

The last subject investigated in Dr. Hann's memoir is

the question whether the inter-diurnal changefulness of

temperature shows any periodical variation during the

sun-spot period ;
for which purpose he takes the 90

years' registers of Vienna, Wilna, and Warsaw. He
finds that on the mean of these stations a certain minute
variation is indeed apparent, but it is one of two maxima
and two minima, and the whole range is so small that it

is doubtful whether it is other than fortuitous.

In the foregoing paragraphs only a few of the more
important results of Prof. Hann's investigation have been
noticed. His memoir contains many others of interest,
well worthy of study, and forming important contributions

to general climatology ; and like the original memoir,
published seventeen years ago, it will doubtless stimulate
others to prosecute the subject. It is especially import-
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ant from a medical point of view that the statistics of all

health resorts should be analyzed in the manner of which
Prof. Hann has here given so admirable an example.

H. F. B.

FORESTRY IN AMERICA.^

T T cannot be said that, as far as the issue of reportsA and pamphlets on forestry is concerned the Agri-
cultural Department at Washington has been idle ; if

only this activity would resolve itself into the estab-
lishment of a State Forest Service, and the formation of
State forests out of the wreck of the former forest wealth
of North America !

An important series of papers on forest matters has
come to hand, and though they date as far back as

1889, they are probably new to many of the readers of
Nature.
The first paper is by Dr. James, Professor of Public

Finance and Administration in the University of Pennsyl-
vania, and is entitled

" The Government in its Relation
to Forests." The Professor has evidently studied his

subject thoroughly, and the remedy he proposes is the
exact counterpart of that which has been so successfully

applied to the forests of India. He commences by stating
that the forests of any large country not only constitute
a large portion of its wealth, but form the indispensable
basis of a flourishing manufacturing and commercial

industry. They are also one of the most important
elements in determining the climatic conditions of a

region, and, through these, the distribution of the popula-
tion, of industrial pursuits, and of disease and health.

He states that the value of the forest crop in the
United States in 1880, the census year, was 700,000, coo-

dollars (= ^140,000,000), and that if the value of the total

annual output of the mines, quarries, and petroleum wells

were added to the estimated value of all steamboats and
other craft on American waters, it would still be less than
the value of the forest crop, by a sum sufficient to purchase
all the canals, telegraph companies, and construct and

equip all the telephone lines in the States.

He then shows how Government has fostered agricul-
ture by offering land on easy terms, by establishing
model farms and agricultural schools, by improving the

breed of stock, by free distribution of seed, and in many
other ways ;

it has also assisted manufactures by the

protective tariff, bounties, and exhibitions, &c.
;

and
that vast sums have been spent by the State on improving
rivers and harbours, and on the general means of com-
munication—railroads and roads. Game and fish are

also protected by the State, but although from their

forests the Americans have been drawing more natural

wealth than from all other sources together, yet practi-

cally nothing has been done to preserve them from the

devastations of selfish people. Besides the great demands
on the forests for timber, three-fifths of the people in

the States use wood for ordinary domestic fuel, and the

value of the wood fuel annually consumed is placed at

325,000,000 dollars.

Prof. James then treats at length of the vast indirect

value of forests in maintaining a steady supply of water
in rivers, and preventing floods. He shows that the

maintenance of a system of factories and mills dependent
on a watercourse becomes impossible when the stream
is converted into a mountain torrent for one quarter of

the year and is all but dry during another quarter ; and
instances the River Schuylkill, from which Philadelphia
draws its water-supply, where the current has become
too shallow and sluggish to carry off the ever-increasing

I
"
Department of Agriculture, Forestry Division.^

Bulletin No. 2.—Re-
port on the Forest Condiiion of the Rocky Mountains, and other Papers."
With a Map showing location of Forest Areas. Second Edition. (Washing-
ton : Government Press, 1889.)
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quantity of impurities which pour into it, and conse-

quently the quality of its water is steadily deteriorating.
The Professor considers it proved by European experi-

ence that a certain percentage of forest land is indispens-
able for any civilized country, and that when the forest

area sinks below that percentage, through carelessness, or a
selfish desire to get all the advantages from the resources
of a country for the present generation, regardless of the
interests of posterity, the result can only be an impaired
industry and declining prosperity. He asserts that in

the United States nothing is being done to cultivate

forests, whilst vast areas, besides those which fall under
the axe, are being wasted by fires and by unregulated graz-

ing ; so that, to put it mildly, the Americans are using up
their forests at a much greater rate than they are re-

placing them, and are changing the character of their

streams, soil, and local climate. Emphasis is laid on the
fact that tree-planting is noX. forest-culture, and based on
the experience taken from European countries, Mr. James
insists that only the State can insure the preservation of
the forests of America, and that private enterprise is

powerless to prevent their eventual destruction.
His proposals to remedy matters are therefore that the

Federal and State Governments should remove timber
lands from the list of lands for sale, and after a thorough
examination as to what forests are of climatic and indus-
trial importance, should retain them under the control of
Government. He also advocates the establishment of a
School of Forestry, where men could be trained to

manage the extensive tracts of forest lands in the owner-
ship either of private individuals or of the State

;
and

calls for further legislation, and active enforcement of

existing laws to protect forests from fires and browsing
animals. Here we have in a nutshell a proper forest

policy sketched out for the United States
;
and it remains

to be seen whether there is sufficient patriotism in the

leading men to carry it out, or whether the great power
of the timber trade, which has always insisted on non-
interference with their business on the part of the State,
will still obstruct the road to progress.
There is not space for much more than mere reference to

the other papers contained in the Bulletin, the first being
a most comprehensive report, by Colonel E. T. Ensign,
on the forest conditions of the Rocky Mountains, show-

ing the estimated area of forest still existing in each

county of the States of Idaho, Montana, Wyoming,
Colorado, and New Mexico, in 1887. A coloured map of
the area shows the position and extent of the forest tracts.

This report concludes with a most useful tabular state-

ment, giving the area of forest in each county and for

each State, as well as the character of the forest growth,
the uses made of the timber, the principal causes of
destruction of the forests, chiefly fires. Measures are

suggested for the adequate protection of the forest growth,
and any noticeable changes in the flow and volume of
water in streams are noted. Under this head, we find

that the streams have diminished in volume and their

flow has become more intermittent in one-quarter of the

ninety-one counties referred to, which altogether com-
prise an area of 555,081 square miles, still containing
83,460 square miles of forests in 1887.
The other papers are : "The Forest Flora of the Rocky

Mountain Region," by G. B. Sudworth, and " On the

Climate of Colorado and its Effects on Trees," by G. B.

Parsons. The latter ascribes the barrenness of the eastern

slopes of the Rocky Mountains to the extremes of tem-

perature, and to the desiccating power of the north and
northwest winds, which are frequently powerful enough
to bark young trees by pelting them with gravel.
The Bulletin closes with a valuable paper on " Snow

SHdes and Avalanches," by B. E. Fernow, the present
Chief of the Forestry Division of the Washington Agricul-
tural Department.

W. R. Fisher.
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NOTES. ,

The following are the members of the Royal Commission \

appointed to investigate the question of a Teaching University
for London :

—Lord Cowper (Chairman), Lord Reay, Bishop

Barry, Sir Lyon Playfair, Sir William Scovell Savory, Sir

George Murray Humphry, Mr. George G. Ramsay, Rev. Canon

Browne, Mr. Henry Sidgwick, Mr. John Scott Burdon Sander-

son, Mr. James Anstie, Mr, Ralph Charlton Palmer, and Mr.

Gerald Henry Rendall. No one who has devoted serious

attention to the subject is likely to be of opinion that the choice

of Commissioners is satisfactory. It shows that the Government
has not grasped the problem.

The International Congress of Chemical Nomenclature at

Geneva has been attended by many representatives from various

European countries. The representatives from England are

Prof. H. E. Armstrong, F.R.S., Dr. J. H. Gladstone, F.R.S.,
and Prof. W. Ramsay, F.R.S.

Prof. A. Chauveau has been elected to the presidency of

the Societe de Biologic, in place of Prof. Brown- Sequard, whose

term has expired. The Societe de Biologic was founded by
Claude Bernard and a group of friends. Claude Bernard and

Paul Bert were Presidents before M. Brown- Sequard.

A Committee has been formed to make preparations for the

erection of a monument to Prof, de Quatrefages in his native

village, Vallerangue (Gard).

We regret to have to announce the death of Prof. Annibale

de Gasparis, Director of the Observatory at Naples, which

took place on the 21st of this month. Born in Bugnara, in the

province of Aquila, on November 9, 1819, he passed the tirst

few years of his youth in Tocco Casuria, where he studied

classics. Going thence to Naples in 1838 he began the study

of mathematics under Prof. Tucci, dealing specially with the

problems relating to bridges and rivers. Afterwards he de-

voted himself to astronomy, in which he soon gained great

celebrity. In 1840 he was appointed assistant at the Capo-
dimonte Observatory, where he became a diligent observer and

an industrious calculator. His discovery of the three minor

planets
—

Hygieia, Parthenope, and Egeria
—created a great stir

in the scientific world, and secured for him the Royal Astro-

nomical Society's medal. Nominated as Director of the Obser-

vatory in 1864, owing to the death of Capocci, he worked

incessantly for the advancement of practical astronomy, and

followed up his observations for the capture of small planets.

Eunomia, Psyche, Massilia, Themis, Ausonia, and Beatrix were

all discovered owing to his ever careful scrutiny. His theo-

retical labours included many on pure mathematics, while those

on astronomy related principally to the best methods of deter-

mining the orbits of comets. The investigations he carried on

from time to time were numerous, and the results appeared in

many periodicals, of which we may mention the Atti delta R.

Accademia delle Scienze Fisiche e MatJumaticke de Napoli and

the Astronomische Nachrichten. De Gasparis was naturally

robust, and enjoyed good health until he was attacked by the

maladies which killed him. His powers of work were tremen-

dous ;
he was always making either some calculation or obser-

vation. Being taken ill rather suddenly, he went away to

recruit, but he became worse and worse, until at last he could

not move. The sad days of the last year of his life he spent

in reading the classics which he loved best, until his sight

failed him.

Mr. John Hartnup, the Astronomer to the Mersey Docks

and Harbour Board, met with a fatal accident on the 21st while

performing one of his Observatory duties. It seems that he

was accustomed to examine occasionally the anemometers
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situated on the flat roof of the building, the roof being skirted

by a low wall about 20 inches in height. Being near the wall,

and looking up at the anemometers, he was seized with a fit of

giddiness, such as he had lately been accustomed to, and fell to

the ground, breaking his neck. His sister-in-law, who saw
the sad accident, had previously been cautioned by him not to

go too near the wall when on the roof, for he considered it a

dangerously low one. Mr. Ilartnup was a member of the

Royal Astronomical and Liverpool Astronomical Societies, and
a Fellow of the Meteorological Society. He had succeeded

his father in 1885, so that he was thoroughly familiar with the

Observatory in which he had to work.

Miss Amelia B. Edwards, whose death we have already

recorded, has in her will endowed a Chair of Egyptology. Her

library, which is very valuable, she has bequeathed to Somer-
ville Hall, Oxford.

We regret to hear that the venerable Prof. Sven Loven has

been compelled, as a result of the influenza, to retire from his

position as Senior Keeper in the State Museum of Natural His-

tory, at Stockholm, where he has been active for fifty-one years.
Prof. Loven is now seeing through the press two important
works on Echinoderm morphology, one dealing with the young
stages of Echinoidea, the other with the Cystidea. We trust he

may long be spared to enrich the world with these and other

fruits of his wide knowledge and deep thought.

The twelfth annual exhibition of natural history objects of

the South London Natural History Society will be held on

May 5 and 6 at the Bridge House Hotel, London Bridge, the

whole of which building has been secured for the occasion.

These exhibitions are growing in popularity, and several

thousand visitors have each year taken lively interest in the

exhibits. This year they will be exceptionally varied and novel.

Lectures will be delivered by Mr. F. Enock on "The Life-

history of the British Trapdoor Spider," by Mr. Step on
"Edible and Poisonous Fungi," and by Mr. George Day on
"
Various Natural History Subjects."

An Exhibition which will be interesting from a scientific as

well as from a popular point of view will be held this year in

the open ground near the Earl's Court railway station. It will

illustrate the development of horticulture, and as Mr. H. E.

Milner, F.L.S., is the chairman of the executive committee, we

may expect that the scheme will be admirably carried out.

There are to be examples of the gardens of all ages, including

restorations of the ancient gardens of Egypt, Greece, and Rome ;

copies of those in China and Japan, and types of the Baronial,

Italian, Tudor, Jacobean, Georgian, and Victorian eras. A
large sub-tropical garden will be laid out, and there will be re-

presentations of the tea gardens of India and Ceylon. Various

foreign countries—especially Belgium, Holland, France, Italy,

and Germany—will co-operate to show the progress they have

made in horticulture.

In September a splendid Exhibition of fruit will be held in a

temporary building, which is to be erected on a site on the

Thames Embankment, near Blackfriars, lent for the purpose by
the City Corporation. The Exhibition will be held under the

auspices of the Fruiterers' and Gardeners' Companies, the Royal
Horticultural Society, the British Fruit Growers' Association,

and other kindred societies, and will last at least a week. In

connection with the Exhibition lectures and object-lessons will

be given on subjects relating to fruit culture and the planting
of fruit trees.

The Technical Instruction Committee of the Essex County
Council appointed last year an organizing joint committee,

consisting of six members of their own body, and six members of
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the Essex Field Club. By means of the funds voted to this

joint committee, peripatetic courses of lectures on various scien-

tific and technical subjects have been carried on in different

rural centres with considerable success during the past year.

The principle on which the joint committee has carried on this

work has been to employ only thoroughly qualified lecturers,

and to insist upon the instruction being made as practical as

possible. In some cases the lectures have been followed by

practical work, in which the students have been taught how to

use the microscope, and to dissect plants, as a means ofacquiring
a good working knowledge of vegetable physiology. This

practical work has been so much appreciated in the rural centres

that there has been an actual competition to gain admission to

the class, the number of students being necessarily limited by
the supply of apparatus and material. One of the most popular
courses given under the auspices of the joint committee has been

that on general science, a kind of elementary introductory
course showing the advantage of acquiring scientific knowledge
in its applications to daily life. There has been such a demand
for this subject that four lecturers have been engaged to meet

the wants of different parts of the county. Special courses on

marketable fish and oyster culture will shortly be commenced
for the benefit of the maritime centres. The organizing joint

committee has, we are informed, not been reappointed by the

new County Council, but that its labours have been appreciated
is shown by the fact that the Council has decided to merge the

joint committee in the main Technical Instruction Committee.

The latter will thus secure directly the co-operation of the six

representatives of the Essex Field Club, among whom are Sir

Henry Roscoe, Prof. Meldola, and Mr. G. J. Symons. Essex

is to be congratulated upon the wisdom which its Councillors

have displayed in securing the services of such well-known

scientific advisers.

A VERY beautiful aurora was visible from Westgate-on-Sea on

Monday evening last. When it was first observed, about 9.30

p.m., the sky was brilliantly illuminated to a height of about 30°

above the horizon, extending laterally quite 50°. It seemed to

be decidedly of a pinkish colour, but to all appearance this

tint gradually disappeared. About ten minutes later, two fine

streamers were thrown out, their approximate positions on the

celestial sphere corresponding to the lines joining the stars tt-

Cygni, e Draconis, and a Lacertas, ir Cephei. Their light was

considerably more intense than the aurora itself, the beams

reminding one rather of those produced by a strong search light.

East and west of these, two more beautiful bright streaks were shot

out, extending to a height not quite so great as the former two.

The west one became especially fine, its light exceeding that of

any of the others. Their positions, as near as could be gathered,

lay between the stars p Cygni and o Draconis for the west one,

and for the east one o Andromedse and t Cassiopeise. Five

minutes later these vanished, and the two central ones merged
into one and also disappeared. At 12.30, only one streamer

was visible, while its light and that of the aurora itself was of a

very feeble nature.

The weather during the past week has become on the whole

much more seasonable all over the country. Westerly winds

have prevailed during the greater part of the period, and the air

has been mild and genial ; but the temperature, although high
for the season, was lower than at the commencement of the

month. Rain has fallen very generally within the last few days

in all parts of the kingdom, and thunder, lightning, and hail

have occurred in many places. A brilliant aurora, to which

reference is made in the preceding note and in several letters,

was observed in Scotland and in several parts of England during

Monday night. The weather report of the Meteorological

Office for the week ending April 23, .showed that bright
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sunshine, although less than in preceding weeks, still exceeded

the mean value in nearly all districts.

Last week California was visited by the most severe earth-

quake which has been known in that region since 1868. On

April 19 shocks were felt over a distance of 200 miles, the

intensity varying at different points. In San Francisco a number

of large buildings trembled perceptibly, but only one was

damaged—an old church building until lately occupied by the

Academy of Science. The front wall gave way, tearing away
the balconies. The centre of the disturbance was Vacaville,

where a number of brick buildings both in the town and in the

vicinity were destroyed or damaged. Many walls also fell into

the streets. At Winters and Dixon serious damage was done

to buildings. On April 21 further shocks occurred at San

Francisco, and were felt in the surrounding districts. A number

of buildings were demolished at Winters, and several persons

received injuries. Eight distinct vibrations were felt. At Biggs

clocks stopped, and plaster fell from the ceilings of the houses.

At Woodville several brick buildings were damaged, while at

Vacaville some walls which had been cracked by the previous

shocks were demolished, and the ceilings in most of the houses

were cracked. At Sacramento also some damage was caused,

but the place which seems to have suffered most severely was

Dixon, where extensive damage had already been caused by the

shocks of April 19.

Dr, a. C. Oudemans, Director of the Zoological Gardens

at the Hague, has for some years made the sea-serpent a subject

of special study, and now he is about to issue a book ia which

he will present his conclusions. He states in a prospectus that

he was attracted to the question by
" an account of the appear-

ance of a sea-serpent published in Nature of November 8,

1880." As Nature was not published on November 8, 1880,

a good many people may be tempted to think that this reference

(due, of course, to a slip of the pen or to a misprint) is very

suitable to the nature of the animal to which it relates. Dr.

Oudemans has placed side by side "all the accounts, tales, and

reports of this great unknown animal," and has convinced him-

self that "
through all the reports there runs only one red thread,

that there must be one single animal species which has given

rise to all the reports." The author has chosen to write in

English, because it is a language
" known to all navigators, as

well as to all zoologists, and other men of education." The full

title of the work will be " The Great Sea-Serpent. An His-

torical and Critical Treatise. With the Reports of 166 Ap-

pearances, the Suppositions and Suggestions of Scientific and

non-Scientific Persons, and the Author's Conclusions." There

will be 82 illustrations.

We are glad to hear that Mr. J. J. Wild, Ph.D., who ac-

companied the Challenger as secretary to the Director (Sir

Wyville Thomson) and artist to the Expedition, is settled in

Melbourne, Victoria, where he is engaged in producing plates

illustrative of the zoology and palaeontology of the colony,

under the direction of Sir Frederick MacCoy, F.R.S. He is

at present figuring the fossil remains of Acanthodian fishes

discovered in the Old Red Sandstone of Mansfield, Victoria.

The programme of the first series of summer excursions of

the Manchester Field Naturalists' Society has just been issued.

Mr. Leo Grindon, the founder of the Society thirty-two years

since, has been compelled, by advancing years and impaired

health, to resign the presidential chair, which Mr. Chas.

Bailey has undertaken to occupy. Mr. Grindon retains the

office of botanical referee, with the assistance of Mr. W, Gee,

who is engaged in teaching natural history subjects under the

Science and Art Department. A special study, appropriate

to the season and locality, is appointed for each meeting ; and

NO. I 1 74, VOL. 45]

a field card, directing observation in each of the seven sections of

the Society, is in preparation. A course of lessons, treating in

detail of the leading natural families of the Manchester Flora, is

being given in the city.

At the meeting of the Royal Statistical Society on Tuesday,
Mr. R. Henry Rew read a valuable paper on the statistics of

the production and consumption of milk and milk products in

Great Britain. The subject, as he pointed out, is one of extreme

complexity. The effective production of milk by a single cow

ranges from nil (in the case of a cow which only rears her calf)

to 1200 gallons or more. The number of cows and heifers re-

turned in 1890, the year taken as a basis for calculation, was

3,956,220, of which it is reckoned that 3,544,575 are productive.

Returns now collected from a large number of districts, together

with other data, justified an estimate of 400 gallons per cow, .

making the total quantity of milk available for consumption in

various forms in the United Kingdom 141 7 million gallons.

The number of cows has decreased in proportion to population.

In Great Britain there were in the period 1866-70 82 'i cows per

1000 of population, while in 1886-90 there were only 77*9. The

absolute number of cows had increased, but not sufficiently to

keep pace with the growth of population. The latest return

(for 1891) is more encouraging, showing as it does the largest

number of cows on record. In Ireland the period 1886-90
showed a higher proportion (290-8) of cows to population than

in any of the four preceding quinquennial periods, but this was

due not to an increase in the number of cattle, but to the

decrease of population. The 141 7 million gallons of milk pro-

duced in the United Kingdom is thus accounted for :
—Consumed

as milk 570 million gallons ; butter, 617 million gallons (repre-

senting 105,000 tons of butter) ; cheese, 224 million gallons

(representin;^ 100,000 tons of cheese) ; miscellaneous (condensed

milk, &c. ),
6 million gallons. Mr. Rew admitted that the results

arrived at were only tentative. He expressed a hope that before

long some official help might be given in the solution of a

problem which was of the deepest interest to statisticians,

agriculturists, and social economists.

The Bath and West of England Society decided some time

ago to appoint a' research chemist to make investigations upon
the making of cheddar cheese. Mr. Fred. Jas. Lloyd was

chosen to fill this post, and he has recently presented his report

of the work done in August, September, and October of last

year. The results obtained, though by no means complete, are

both valuable and interesting, and it is to be hoped that the

Society will continue and extend the work. The experiments

were made at the Society's Dairy School, near Frome, and it

was found possible to make a cheese in such a way as to be

guided in judging the condition of the curd by determinations

of acidity alone. The product was a decided success in every

respect. The average acidity of the mixed milk before adding

rennet was '24 per cent., but on setting the whey only showed

•16 per cent, of lactic acid. It was proved, by continued experi-

ment, that when the whey showed a percentage of acidity

slightly greater than that in the milk before renneting the pro-

cess was sufficiently advanced to draw off the whey and pile the

curd. Determinations of acidity in the later stages of manufac-

ture have yielded similar results, and it appears to be certain

that the careful development of definite amounts of lactic acid

at definite steps in the process is essential to success. The

bacteriological observations show that, although very many

organisms are liable to get into the milk, the majority of them

are not able to exist in an acid material, consequently by

insuring a proper development of acidity in the curd we destroy

their activity, which would otherwise spoil the cheese. Not only

does the Bacillus acidi lactici play the most important part in

the making of the cheese, but it is also the chief agent in the

ripening process.
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It is well known that serious loss is caused in the various

Australian colonies by the ravages of the rust fungus in wheat.

An Intercolonial Conference met to consider the subject in 1890,

and this body has since held two other meetings, the third

having taken place at Melbourne last month. Many experi-

ments have been made, and it has been clearly shown that there

are several varieties of wheat which, except under very unusual

circumstances, are never seriously attacked by rust. It has also

been shown that in many districts early sown wheats of a rust-

liable kind generally escape damage by rust, when the same

wheats sown late suffer seriously. In view of these facts the

Conference has directed attention mainly to encouraging the

growth of varieties less liable to be attacked by rust, and also to

early sowing. At the March meeting it was recommended that

a practical system for the production and distribution of rust-

resisting wheats suitable to different districts should be im-

mediately established, and that this system should, subject to

modifications needed by each colony, be conducted on the

following lines :
—A central station for each colony for the pre-

liminary testing of new wheats introduced into the colony ; for

the production of new varieties by cross-fertilization and by
selection

;
and for the distribution of suitable wheats thus ob-

tained to representative districts of the colony, to be there sub-

jected to a sufficient test, and, if necessary, fixed in their

characters by farmers and others competent for the work ; and
that such wheats as pass satisfactorily this test should then be

distributed to the farmers around in such a manner and by such

agency as would be most suitable to the conditions of each

colony. A committee was appointed to take steps for the proper

naming of the different varieties of wheat.

The U.S. Department of Agriculture has received information

to the effect that Vedalia cardinalis has been successfully
colonized at the Cape of Good Hope. Last autumn Mr.
Thomas A. J. Louw, a special commissioner from the Legis-
lative Assembly of the Cape, went'to Washington charged with

the task of collecting and taking back from America a supply
of the useful little ladybird mentioned. He was furnished with

letters to the California agents of the Department, and took

away from that State two parcels of Vedalia, one lot being

shipped on ice and the other kept open and fed en route. Both
were alive when he arrived at the Cape, and he writes that the

experiment has been so successful that various parts of the

<:olony have been supplied with the insect, which, no doubt,
will be as useful in clearing off the Cottony Cushion Scale there

as it has been in California and the Hawaiian Islands. Mr.
Louw's letter, dated Malmesbury, Cape of Good Hope, March 5,

1892, to the Hon. Edwin Willits, Assistant Secretary of Agri-

culture, says: "While thanking you again for the kindness

displayed towards me, may I request you also to convey to Prof.

C. V. Riley my extreme obligations for the service rendered by
him to me, and which I assure him will ever be appreciated

by me."

Dk. Hyaoes, as we noted last week, was impressed, while
in Tierra del Fuego, with the resemblance between the Yahgan
and the Botocudos of Brazil. Of the latter people an interesting
account appeared lately in the Washington Evening Star, and is

reproduced in the April number of Goldthwaite s Geographical

Magazine. The colour of the Botocudos is described as of a

light yellowish-brown. When brought into contact with Euro-

peans they manifest not the slightest embarrassment on account of

their lack of clothing. From certain seeds and fruits they
obtain brilliant dyes, with which they adorn their bodies ; and
a common custom is to paint the face above the mouth a bright

red, the upper half of the body being stained black, and a red

stripe encircling the waist. A warrior thus decorated, with

lip and ear ornaments, is said to present "a most demoniacal
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expression." The colours employed are mixed in the upper
shell of a turtle, and carried in joints of the bamboo. The arms

of the Botocudos consist of the bow and arrow. For calling

one another in the forest they have speaking trumpets made of

the skin of the tail of the ^great armadillo. While travelling

through the woods, they build for themselves temporary shelters

of palm-leaves, sticking the stems into the ground in a half-

circle, so that the tips of the fronds arch together and form a sort

of roof. When encamping for a considerable time in one

place, they construct houses often big enough to hold several

families. The fire is placed in the middle of the dwelling, and
the beds are made of bark fibre. Gourds are used for drinking

purposes and in the preparation of food. The Botocudos have

been harshly dealt with by the Portuguese, and are rapidly dying
out.

Captain Bower, of the Indian Staff Corps, has arrived at

Simla from China, after a very remarkable journey across the

Tibet tableland. He had with him Dr. Thorold, a sub-surveyor,

one Pathan orderly, a Hindustani cook, six caravan drivers,

and forty-seven ponies and mules. The Calcutta correspondent
of the Times, who gives an account of the journey, says that

Captain Bower, leaving Leh on June 14, crossed the Lanakma
Pass on July 3, avoiding the Tibetan outpost placed further

south. Journeying due east, he passed a chain of salt lakes,

one of which, called Hor-Ba-Too, is probably the highest lake

in the world, being 17,930 feet above the sea. Gradually

working to the south-east, the explorer saw to the north a

magnificent snowy range, with a lofty peak in longitude 83° and

latitude 35^ After many weeks' travel over uplands exceeding

15,000 feet in height, where water was scarce and no inhabit-

ants were to be seen, the party on September 3 reached Gya-

Kin-Linchin, on the northern shore of Tengri Nor Lake, in

longitude 91° and latitude 31°. This is within a few marches

of Lhassa, and two officials from the Devi Jong, or temporal

governor of Lhassa, met him here and peremptorily ordered

him to go back. But he refused to return, and a compromise
was effected, guides and ponies being provided on his ai^reeing

to make a detour to the north in order to reach the frontier of

Western China. He reached Chiamdo on December 31, only

just succeeding in getting off the tableland before winter set in.

He struck Bonvalot's route for a few miles when marching to

Chiamdo. The country about this town is very fertile and well

wooded. Three thousand of the monks of Chiamdo, who
lived in fine monasteries, threatened to attack the party, but

were deterred on learning that they carried breechloaders.

Captain Bower arrived at Tarchindo, an outpost on the Chinese

frontier, on February 10. The distance covered from Lanakma
to Tarchindo was over 2000 miles, all of which, save a few miles,

has now been explored for the first time. The route for thirteen

consecutive days lay over a tableland 17,000 feet high. Captain
Bower is engaged in writing a report and completing his maps.

Splendid specimens of mica are to be sent to the Chicago
Exhibition from Idaho, where the supply is said to be practically

inexhaustible. Mica is to be used in the Idaho building as a

substitute for glass in the windows. The Photographic Neivs

suggests that, if the reports as to the quality of the material prove
to be accurate, it may become a rival to glass in photographic

plate-making.

At the meeting of the Paris Geographical Society on April i,

Lieutenant Vedel read an interesting paper on the Polynesians,

whom he has had constant opportunities of studying during the

last seven years. Referring to the Maoris, he said it was

impossible not to be struck with the extraordinary resemblance

which exists between their myths and those of the ancient

Greeks.
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The Southport Society of Natural Science has issued its first

report, from which we learn that the Society, although still

very young, is doing good work as a local centre of scientific

inquiry. The report includes a presidential address by Dr. H.

H. Vernon, on the material and educational utility of natural

science.

Mr. Edward Stanford has issued "The Hand-book of

Jamaica for 1892." This is the twelfth year of publication.

The work has been compiled from official and other trustworthy

sources by S. P. Musson and T. Laurence Roxburgh. It com-

prises all necessary historical, statistical, and general information

relating to the island.

The latest instalment of the Transactions of the Royal

Society of Victoria (vol. ii. part 2) opens with a paper on the

occurrence of the genus Belonostomus in the rolling downs

formation (Cretaceous) of Central Queensland, by R. Etheridge,

Jun., and A. S. Woodward. There are also papers on the

structure of Ceratella fiisca (Gray), by Prof. W. Baldwin

Spencer ; additional observations on the Victorian land plana-

rians, by Dr. A. Dendy ; and land planarians from Lord Howe
Island, by Prof. W. Ralwin Spencer. Each of the papers is

illustrated.

Prof. S. H. Gage, of the Cornell University, has reprinted

an interesting paper contributed by him to the American

Naturalist on the life-history of the vermilion-spotted newt

{Diemyctylus viridescens, Raf. ). He has added to it a valuable

annotated bibliography.

A REPORT on the geology and mineral resources of the central

mineral region of Texas, by T. B. Comstock, was included in

the second Annual Report of the Geological Survey of that State,

and has now been issued separately. It ought to be of good
service to practical men as well as to students of science. The

author has a valuable note in which he shows how the prospector,

the capitalist, or the property-holder may most advantageously

use the report.

An excellent essay on aboriginal skin-dressing, by Otis T.

Mason, has been reprinted from the Report of the U. S. National

Museum for 1888-89. It is based on material collected in the

Museum, and includes an account of skin-dressing among the

Eskimo and the Indians. There are many illustrations.

The following science lectures will be given at the Royal

Victoria Hall during May :—May 3,
"
Flying Bullets," by C.

Vernon Boys ; May 10, "Travels in Java and Sumatra," by

"Wm, Hancock; May 17, "The Wonders of the Rocky

Mountains," by Wm. Carruthers ; May 24,
" Mines and

Mining," by Bennett H. Brough ; May 31, "The Alps in

Winter," by C. T. Dent.

The results of an investigation, concerning the conditions of

silent combination of the hydrogen and oxygen contained in the

detonating mixture of these gases obtained by the electrolysis

of water, are communicated to the current number of Liebig's

Annalen by Prof. Victor Meyer and Herr Askenasy. The

object of the experiments was to ascertain whether any regular

connection existed between the duration of time, during which

such a mixture of the two gases is maintained at a temperature

at which silent combination slowly proceeds, and the amount of

water produced. The main result of the experiments has been

to afford a direct negative to this question, the amount of com-

bination under precisely the same conditions of temperature,

pressure, and time varying most irregularly. Although this is

the case, however, some interesting phenomena have been

observed during the course of the experiments. It was found

that, when a quantity of the pure dry mixture of two volumes of

bulb and heated in a bath of the vapour of phosphorus penta-

sulphide, the temperature of which (518°) is such that the bulb

becomes faintly luminous, no explosion occurred, but a small

proportion of the gases silently combined, with production of

water. Upon immersing the bulb, however, in a bath of boiling

stannous chloride (606°), explosive combination instantly occurred.

It was surmised, therefore, that the temperature at which explosion

occurs lies somewhere between 518° and 606°. But upon modifying
the experiment in such a manner that the bulb was open, a slow

stream of the gaseous mixture being allowed to pass continuously

through, it was found that no explosion ensued under these

conditions at the temperature of boiling stannous chloride,

although at this temperature the bulb glows with a cherry red

heat, and the glass is quite soft. It appears likely, therefore,

that the extra pressure of the gases in the closed vessel deter-

mines the explosion at a lower temperature. The irregularity

in the rate of silent combination would appear to be due to the

different condition of the inner surfaces of the vessels containing

the gaseous mixture ; probably largely owing to the different

amount of etching action by the water vapour at these high

temperatures. In order to eliminate this disturbing element,

the experiments have been repeated with bulbs whose inner

surfaces have been equally etched beforehand and with bulbs

whose interior walls have been silvered, the results, however,

showing in both cases the same irregularity. In connection,

however, with the experiments with silvered bulbs, another

striking fact has been brought to light. It was found that in

these bulbs the silent formation of water occurs at temperatures

several hundred degrees lower than in unsilvered glass bulbs.

Complete combination had occurred in two hours' time at the

temperatures of boiling phosphorus pentasulphide (518°), sulphur

(448°), diphenylamine (310°), and naphthalene (218°) ; 70 per

cent, of the mixed gases had combined at the temperature of

boiling aniline (183°), and a small amount of combination had

occurred even at 155°. Finally, it was found that bright July

sunshine is incapable of inducing the combination of hydrogen

and oxygen, even when it is concentrated upon a bulb traversed

by the gaseous mixture and heated to 606° in a bath of boiling

stannous chloride.

The additions to the Zoological Society's Gardens during the

past week include a Patas Monkey {Cercopithecus patas) from

West Africa, presented by Mr. W. S, Hewby ; two Orinoco

Geese {Chenalopex jubata) from South America, presented by

Mr. Everard F. im Thurn, C.M.Z.S. ;
two Mute Swans (Cj/^w^f

olor), European, presented by Mrs. Melville ;
a Herring Gull

{Larus argentatus), British, presented by Miss Lota Bower;

two Chinese White-eyes [Zosterops simplex) from China ;
an

Egyptian Goose {Chenalopex agyptiaca) from Africa, deposited ;

a Cheer Pheasant {Fhasianus wallichii 6 )
from Northern India,

a Swinhoe's Pheasant {Euplocamus szvinkoii ? ) from Formosa,

a Common Pheasant (Fhasianus colchicus ? ), British, six

Wigeon (Mareca penelope, females), twelve Common Teal

{Querquedula crecca 6 d 6 ? ), European, purchased ;
a Crested

Porcupine {Hystrix cristata), born in the Gardens.

OUR ASTRONOMICAL COLUMN.

Spectrum of Nova Auriga.—On February 22, Mr. E. W.
Maunder obtained a photograph of the spectrum of Nova

Aurigse with an exposure of seventy minutes. The photo-

graphic magnitude of the star was then 478, and its visual

magnitude was about 57. Bright lines were observed upon the

plate at the following wave-lengths :—4919, 4860(F), 4629,

4580, 4547, 4510, 4472, 4340 (G), 4229, 4174. 4101 <Jt),

3968 (H), 3933 (K), 3887-5 (a), 3834 (;8).
And dark lines had

located as follows :
—4316 (G), 4212, 4lS5>their positions

hydrogen and* one volume of oxygen was sealed up in a glass \ 4085 {h), 3953 (H), 3913 (K). Measures of the displacement
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of the dark lines relatively to the corresponding bright ones

gave a i.iean of 1 8 '3 tenth-metres. According to this, the
relative motion of the two bodies engaged was about 820 miles
a second. Mr. Maunder also observed the visual spectrum of
the Nova. Three bright lines were seen, and estimated to be in

the positions of C, D, and F of the solar spectrum. A line was
detected "not far from E," another " near b, but further towards
the blue," and another "very near the chief nebular line."

The line measured on the photograph as at A. 4919 was also

made out.

Photographs of the Region of Nova Cygni.—At the
March meeting of the Royal Astronomical Society, Mr. Roberts
stated the results of a comparison of Drs. Copeland and Lohse's

catalogue and chart of the region of Nova Cygni with two
photographs of the same part of the heavens taken in Sep-
tember 1891. It appears that the brightness of some of the
stars has undergone changes since 1878, when the chart was
made. Changes of this character may, of course, be due to the
well-known difference between visual and photographic magni-
tudes ; but there are other differences, which are not so easily

explained. Several stars, single on the chart, are seen to be
double on the photographs, and some changes in relative posi-
tion seem to have occurred. Although the Nova is not given on
the chart, it appears on the photographs as a star of about

magnitude 13. It will be interesting to compare Mr. Roberts's

pictures with others taken under similar conditions at some
future date, in order to determine definitely whether the changes
are real, or due to errors in observation or cataloguing.

Winnecke's Comet.—Dr.

ing ephemeris in Astronomische

1892. R.A.
'

h. m. s.

II 36 4-49

G. F. Haerdtl gives the follow-

Nachrichten, No. 3083 :
—

Decl. Brightness.

April 29
: „ 30
May I

4
5
6

7
8

9
10

II

12

13

14

15
16

17
18

19
20
21

22

23
24
25
26

27
28

29
30
31

34 22 '64

32 42-41

31 3"89
29 27-21

27 52-46
26 19 62

24 48-66
23 10-55
21 52-27
20 26 8 1

19 3-16

17 41-31
16 2118
15 2-62

13 45 '59
12 29-98
II 1572
10 2-63
8 50-51

7 3929
6 28-92

5 io-o8

4 9 '48
2 59-99
I 50 50

II o 40-59
10 59 29-91

58 18-15

57 5-05

55 5013
54 33 '03

53 1321

+ 43 55 4i'3
44 2 13-6

8 8-3

13 25-6
18 6-3
22 11-9

25 43 '4

28 42-1

31 8-6

33. 3-6

34 28-1

35 23'3

35 500
35 49-6
35 22-5

34 29-4

33 "2
31 28-7

29 22-9
26 55-0
24 .5'2
20 53-7
17 21-4

13 29-0

9 I7'4

4 47 -8

44 o 0-3

43 54 55 "3

49 33 "4

43 55'i

38 0-7

31 5o"9

25 25-2

2-38

2-71

3-10

3-58

4-17

4-91

5-84

7-04

Personal Equations in Transit Observations.—An
accurate determination of an observer's personal equation is

to-day of as much importance as an observation itself, when such
small quantities, as we now deal with, have to be measured.
The variation in the latitude, of which we have heard so much
of late, amounts to a quantity only a few times larger than that

of a moderate personal equation, showing that no small regard
must be paid to its estimation. In observing an N. P. D., the star

has to be bisected by the horizontal wire, while the nadir point
has also to be observed : in both these cases an error can arise

from personality, for the best observers cannot mtaj^e a really
true bisection. In the taking of transits another personality
exists, but this is rather of a different kind, for, using the eye
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and ear method, the clock beats have to be taken into account

simultaneously with the relative positions of the star and certain
wires. In the April number of the Bulletin Astronomique,
an account is given of some experimental researches on such
transit determinations in which both methods, the eye and ear
and the chronograph, were used. The observations were made
with an apparatus similar to that designed by Wolf, who, to
obtain artificial transits, employed a small truck to carry the

plates, on which punctures of different sizes were made. From
115 observations made with both methods, it was found that

equally accurate results were obtained, the eye and ear method,
if any, proving a little inferior, while the degree of lighting of
the field made no appreciable variation on the personal equa-
tion. For planets the electrical method showed that personality
varied considerably, according to whether the preceding or fol-

lowing side was observed : the resulting personal equation for
the centre of a planet turned out to be -o-046s., while that for
a star under the same conditions was +0-0235. It would be
interesting to find out whether this occurs when the eye and ear
method is employed. The tendency of an observer, adopting
the eye and ear method, to choose certain tenths of a second in

preference to others, seems to have its analogy in the chrono-

graph method, in the linear measurement from the second im-

pressions. A comparison given here shows that the most
favourable tenth is the zero, while the nine is very considerably
left out in the cold. Another very curious fact is that the tenths,
one, two, three, four, chosen in the chronograph methods,
are all less than the corresponding ones in the other methods,
while the opposite occurs for the tenths five to nine.

Tenths 0123456789 Total
Eye and Ear . . 157 97 134 134 100 94 82 8i 74 57 1000
Chronograph . . 164 79 96 90 94 129 104 94 81 69 1000

The Sirius System.—Dr. A. Auwers contributes to the
Astronornische Nachrichten, Nos. 3084 and 3085, a long dis-

cussion with reference to our "
Knowledge of the Sirius System."

The problem which he undertook was to investigate whether
the measures of the companion obtained durmg the period
extending from 1862 to 1890 would satisfy an ellipse with a

49-4 year revolution ; to determine the most probable value of
the place elements for every measurement on the assumption of
the revolution

; and to inquire whether the observations of the

principal star could be represented by means of the so
determined elements. The author divides the discussion into
the following three parts :

—
(i) A summation and sifting of all

the measures that have been made of this companion for the
above mentioned period. (2) The derivation of the normal

places, and the correction of the elements. (3) A comparison
of the meridian observations of Sirius with the elements derived
from the measurements of the companion. The result of the
discussion is that a slight correction is necessary to reduce the

right ascension and declination of the bright star to the
centre of gravity of the two bodies (the masses of the chief star

and of the companion being taken as 2*200 and 1-040).
The table showing these corrections indicates that the right
ascension between the years 1850 and 1890 has to be in-

creased by a quantity which reaches to 0-2323., while between

1890 and 1896 5 a diminution takes place. The greatest
correction for the declination is + 2"-268, which occurs in

1882-0, and this correction becomes negative also about 1893-5.

THE ANCIENT CIVILIZATION OF
CENTRAL AMERICA.

T N Central America there are abundant traces of the existence
*•

^
of a great race which must at one time have attained to a

comparatively high state of culture. It was undoubtedly a race

of American Indians, and as undoubtedly closely connected

with the present Indian inhabitants of the country.
No trace, however, of the ancient culture and knowledge

can be found amongst the Indians of to-day, and the numerous
ruins which lie scattered over the country are the remains of

towns which have neither names nor history attached to them.

Very little information can be gathered from the published

writings of the Spaniards who overran the country at the close of

the fifteenth and beginning of the sixteenth centuries ; but, apart
from their bearings on Spanish history and biography, these

writings have received very imperfect examination and criticism.

The Spaniards have been severely censured for their remiss-
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ness in omitting to record the wonders of the Indian civilization

which they are supposed to have met with, and especially for

having failed to tell us about the towns and highly decorated

buildings the ruins of which have been frequently described by
modern travellers ; but this censure appears to be to a great
extent unmerited, for their writings, if carefully searched, do

reveal a considerable amount of information about the Indians

as they found them, and they failed to describe the ancient

buildings because, as I hope to prove later, in many cases these

buildings were even then as deeply buried in the recesses of the

forests as they are at the present day.
We naturally want to know more about this lost civilization,

and there are many ways of attacking the problem. First of

all, there is a large amount of correspondence, and a great

number of reports written by the soldiers, officials, ecclesiastics,

and other early settlers in the New World, which, not bearing
on the main historical events of the conquest, have escaped

publication, but which, if carefully examined, may afford valu-

well as some original stone carvings, are now exhibited in the

Architectural Court of the Museum. Maps, plans, photographs,
and drawings, are in course of publication in the archseologi a

section of the "
Biologia Centrali-Americana."

The Editor of this journal has asked me to give some general
account of the work on which I have been engaged, and its

results, and this I will now attempt to do
;
but I must ask the

reader to bear in mind that I started on the work almost by
chance, and without any previous training or archaeological

knowledge, that I am but little acquainted with the literature

of the subject, and have almost entirely confined my efforts to

the collection of accurate copies of sculptures and inscrip-

tions, in hope that some students may be found willing to make
use of them. The following notes must therefore not be looked

on as anything more than an attempt to clear the ground before

an attack which I hope some day to see made on a difficult

problem.
The remains of the more civilized races of North America

20
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able information regarding the native Indians. Then a study
of the customs, languages, and folk-lore of the living races, may
throw much light upon the condition and belief of their fore-

runners ; and, above all, a careful examination of the burial-

places and of the architectural and monumental remains, and

their numerous hieroglyphic inscriptions, which lie hidden away
in the vast forests, may reveal something of the history of the

people who raised them.
It has been my good fortune to be able to devote my time

during seven winters to the collection of materials which I

trust may enable the study of Central American archaeology to

be pursued with greater ease and success than has hitherto been

possible.
All the moulds of inscriptions and other sculptures made

during my expeditions have been handed over by me to the

authorities of the South Kensington Museum, and casts have

already been taken from the greater number of them, which, as
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can be traced from the Isthmus of Panama as far north as the

ruined Pueblos in the Canons of Colorado. This great extent

of country can again be roughly divided into three portions
—

one extending from Colorado to the Isthmus of Tehuantepec, a

second from Tehuantepec to a line running nearly along the

western frontiers of Honduras and Salvador, which may
be called the Maya district, and a third from this line to the

Isthmus of Panama.
So far as I know, no remains of stone buildings have been

found in this last district, but much pottery is found—some of

which is distinguished by great beauty of form, as well as

excellence of decoration.

It is in the centre province, which includes Guatemala,

Chiapas, Tabasco, and Yucatan, that my collections have been

made, and the accompanying map shows the most important
ruins visited.

It is impossible within the compass of an article, and
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without the aid of numerous plans and drawings, to give an

adequate account of tht; ruins as they can now be seen, but the

following short summary gives the characteristics of the prin-

cipal groups found to the south of Yucatan :
—

Qiiirigita.
—Thirteen monoliths covered with elaborate carved

decoration and inscriptions. These are of two classes, upright

stelae, of which six still stand erect, the tallest measuring

25 feet high from the ground, 5 feet across back and front, and

4 feet across the sides, and large rounded blocks of stone cut

into the form of some grotesque animal, the largest of them

weighing about 20 tons. No buildings remain standing, but

there are numerous mounds, only one of which has been dug
into, and was found to contain on its summit the ground-work
of a stone-built temple.

Copan.
—Si.Kteen stelte averaging 12 feet in height, of which

eight are now standing, and numerous other sculptured monu-
ments. Both figures and inscriptions are carved in higher
relief than at Quirigua. Numerous stone-faced mounds, wliich

can be ascended by well-laid stone stairways. There is no

sign of a wall either ot house or temple above ground, but the

lower parts of both temples and houses can be found by digging
into the masses of broken masonry on the tops of the mounds
and terraces. Broken stone ornaments, which once decorated

these buildings, are found lying in profusion at the foot ol the

mounds.
Menchi.—A town built on stone-faced terraces rising one

above the other from the banks of the River Usumacinta. There

are many mounds of stone, and there are a few stone-roofed

houses and temples still standing with carved stone lintels over

the doorways. No separate carved monolithic monuments of

importance.
Tikal.— Five cell-like temples with enormously thick walls,

raised on pyramidal foundations of great height. The measure-

ment of the largest, from the ground to the top of the temple, is

about 160 ft., the base of the foundation measuring about 280 ft.

square. These temples had beautifully carved wooden liniels over

the doorways. Some of this carved wood is now preserved in the

Museum at Hasle, and some (a few smaller pieces) in the british

Museum. There are several other smaller temples and numerous
houses with stone roofs still standing. All these buildings had
wooden lintels over the doorways, and some of the wooilen

beams are in a perfect state of preservation. There are seven or

eight small stelse, usually flat slabs of stone with carving on the

front and sides only, all unfortunately much damaged and
weather-worn.

Palenqiie.
—One group of stone-roofed houses, commonly

known as the palace, raised on a high stone-faced foundation.

Four separate temples on similar foundations, and numerous
other temples, houses, and tombs, some half-ruined, and others

mere heaps of stone and rubbish. Only one carved monolith
has been found which stood apart, but several large stone slaos

beautifully carved with figures and inscriptions in low relief

were let into the interior walls of the temples, and almost all

the buildings have been lavishly ornamented with figures and

inscriptions moulded in a hard and durable stucco.

The principal fact ascertained from the examination of the

remains throughout this district (including Yucatan) is that the

art as exemplified both by monuments and buildings is one and
the same, and that the inscriptions are all carved in the same
characters.

The chief diflference to be noted is that whereas in the ruins

which I assume to be of earlier date the art and workmanship
is lavished on the decoration of large monoliths, whilst the

temples and other buildings are comparatively insignificant, as

time went on the elaborate carving of separate stone monuments
was neglected, and the whole efforts of the artists were devoted
to the erection and adornment of larger and more imposing
buildings, and the carved stone glyphs of the monoliths gradu-

ally gave way to stucco and painted inscriptions on the walls of

the temples and to manusciipt books.
The age to be ascribed to these remains is purely a matter of

conjecture ; but there are some historical facts which bear on the

subject which I have already called attention to in another

publication, but which may with advantage be here repeated.
Hernando Cortes, after the conquest of Mexico, started from

that city in the year 1525, accompanied by some hundreds of

Spaniards and a large number of Indians, with the intention of

marching direct to Honduras. When Seiior Don Fascaal de

Gayangos, in the year 1867, translated for publication by the

Hakluyt Society the letter written by Cortes to Philip 11. of

Spain, giving an account of this expedition, he states in the

preface that :
—" To determine the sijots visited by hiai in this

extraordinaiy march through almoit impenetrable forests,

swamp) plains, or lofty mountains, has by some writers been
pronounced a hopeless task

; and though we possess the narrative
of the stout-hearted and sturdy soldier, Hernal Diaz, who formed
part of the expedition and carelully noted down its principal
events ; though the vaiious provinces traversed by the devoted
army have since been more or le>s explored by travellers of all

nations, few are the indications—and those very slight— of the
route they followed. He must have passed near the ruins of

Paleiique, since the small village of Las Tres Cruzes is said to
derive its name from three wooden crosses left in that locality."A comparison of the recent and more accurate maps ot Ta-
basco published by the Mexican Government, and of my own
surveys in ihe region of the head waters of the Sarstoon and
Mopan Kivers, with certain old map. and documents which have
recently been brought to light from the Archives of the Indies
at Seville, now enables us to trace Cortes's line of march with
some degree of accuracy.

After passing the Isthmus of Tehuantepec, he found himself
involved in the intricate waterways of the delta of the Tabasco
and Grijalra Kivers. He and Uis follower., suffered the greatest
haruships, but alter cutting their way through the tangled vege-
tation ot the swamps, and with infinite patience and labour

building bridges over the almost innumerable streams and
lagoons, he crossed ttie River Lsumai;inta, somewhere in the

neigiibourhood of Tenosique.
Tnere can be no doubt that towards the end of this part of

this march, at a time when Cortes and his followers, lost in the
forests of tne delta, were suftering the last extremities of hunger,
and were eagerly searching for a track which might lead them
to an Indian settlement—they were traversing a plain actually
overlooked by the temples ol Palenque, and not move, and prob-
ably much less, than twenty miles distant from them. It Palenque
had then been the great centre whicti it at one time must have
been, and it the foot-hills of the Sierra on which it stands had
then been as thickly peopled as the numerous remains indicate,
it would have bei.n impossible for a body of men as numerous
and as much on the alert as were the followers of Cortes, to
have missed the discovery of the many tracks which must have
led thiiher.

Moreover, Cortes had been furnished with a map of the

country, prepared by the Indian chiefs at Guacacualco ; and
alihough it has been sugge;-ted that the chiefs systematically
deceived him so as to prevent his visiting their richest and most
sacred towns, such deception was not likely to have been suc-
cessful with hiui, and it is still less likely to have imposed upon
the large number ot Mexican Indians who accompanied him.
Vet, u Talenque was then inhabited, we are compelled either
to believe that Cortes and his followers were indeed successfully
imposed upon, or to give credit to the still more unlikely alter-

native that the Indian auxiliaries preferred to suffer such
extremities of hunger that they were driven to eat the boaies of
their companions who had died by the way, rather than give
any inlormation which would have been of service to their

foreign leaders.

It hardly appears possible, therefore, to resist the conclusion

that, in the year 1525, Palenque was already abandoned, and
lost in the foiest.

But If the inlormation afforded to Cortes is to be relied on,
then the same late must also have overtaken the town of Mcuche
on the Usumacinta, for Cortes was strongly advised by the
natives not to continue his march along the banks ot the river

(and if ne had uone so he must have passed near the site of
the ruins of Mencne), as the country in that direction was
uninhabited.

Accepting this advice, Cortes took the road by Acala and
Peten, and thence through part of what is now British Honduras,
to the mouih of the Rio Dulce.
Tne inhabitants ot Acuta appear to have been more civilized

than any others whom Corics met with during his lorg march.
He states that the country was thiCKly peopled, and that the
towns were large and full of mosques or idol-houses , yet no

important rums have ever been lound ir that district, and
neither Cortes nor Bernal Diaz gives us any desciiption which
would lead us to suppose that they ever met with such imposing
buildings as those still standing at Palenque or Menche.

i rom Acala the expedition marched through a very thinly-

peopled country until they arrived at the Lake of Peten.
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Cortes visited the town of Tayasal, built on a small island in

the lake, which, we are told, was the chief town of the district,

and which was doubtless then, as it was later, the stronghold of

the warlike Itzaes. Now, fortunately, we know something of

the subsequent history of this town, for Tayasal was visited by
missionaries from Yucatan in 1618, 1619, and 1623. This last

missionary expedition ended disastrously, as the missionary and
his followers were murdered by the natives

;
and we then have

but scanty information about the Itzaes until the country was
invaded by the Spaniards from Yucatan, and Tayasal captured
in 1697. A curious story shows us that Tayasal is not likely to

have suffered any serious disturbance between Cortes's visit and
the year i6i8.

In his letter to the King he states that,
" At this village, or,

rather, at the plantations that were close to the lake, I was

obliged to leave one of my horses, owing to his having got a

splinter in his foot. The Chief promised to take care of the

animal and cure him, but I do not know if he will succeed, or

what he will do with him."
On the day after the arrival of the missionary fathers Fuen-

salida and Orbita, in 1618, the Chief of the Itzaes showed them
round the town, "in the middle of which, on the rising ground,
were numerous and large buildings,

' cues
'

or oratories of their

devilish and false gods. Entering into one of them, they saw
in the centre of it a large idol in the form of a horse, well

modelled in stone and plaster. It was seated on the ground, on
its haunches.

' ' These barbarians reverenced it as the God of Thunder, and
called it Tzimindiac, which means ' the horse of thunder and

lightning.'"
This sight was too much for the religious zeal of Padre

Orbita, who, seizing a great stone, jumped on to the idol and
hammered it to pieces. It is hardly necessary to add that the

Chief had the greatest difficulty in saving the lives of the mis-

sionaries from his infuriated people, and that they were compelled
to leave the island at once.

It was afterwards learnt from the natives that they had thought
the horse to be the god of thunder and lightning because they
had seen the Spaniards firing their guns from horseback, and
that when they found the horse to be ill,

"
they gave it to eat

fowls and other meat, and presented it with garlands of flowers,

as it was their custom to do when their own chiefs were ailing,"
and that, on its death, a council of chieftains was called, and it

resolved to make an image of the horse in stone.

In the year 1700, the historian Villagutieres published a de-

tailed account of the conquest of Itza by the Spaniards, and a

description of the town of Tayasal, stating that
"

it was full of

houses, some with stone walls more than a yard high, and, above

these, wooden beams and roofs of thatch, and others of wood
and thatch only"; and " of the twenty-one oratories which
General Ursua found in the island, the principal and largest
was that of the high priest Quincanek, cousin of the king
Canek ; this was rectangular {cuadrada), with a beautiful

breastwork {pretil) and nine handsome steps, and each front

was about twenty yards long and very high."

Speaking from memory, I should say that the island is not

more than 500 yards across, and there are no s gns whatever at

the present time of anyancient foundations. It is now covered with

poorly-built adobe houses, and in the centre is a church, which

probably occupies the site of the ancient 'cues.' Now, within

a day's walk from the north shore of the lake are the very
remarkable ruins of Tikal, of which a short description has

already been given ; yet nothing whatever is told us either by
Cortes, by the missionaries, or by Villagutieres, of the existence

of a town on this site, and the ruins were unknown to the

Spaniards until the year 1848.
The missionaries, on their journeys from the Spanish outpost

at Tipu to Tayasal must have passed within a few miles of the

site of the ruins ; and it is impossible to believe that, so long
as Tikal was inhabited, Tayasal could have been the chief

town of the district, or, indeed, that Tikal could have been
inhabited at all without the fact coming to the knowledge of the

Spaniards.
If any further evidence were needed to show that the great

structures raised during the epoch of higher civilization had

already been deserted at the time of the Spanish conquest, it

can be found in what Cortes himself states with regard to the

town in Guatemala which he calls Chacujal.
When, after having crossed the base of the peninsula of

Yucatan, the starving army arrived at the mouth of the Rio
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Dulce, it was only to find the Spanish colony it had come in

search of reduced to a similar extremity of famine.
The scanty Indian population in the neighbourhood had been

rendered hostile by the exactions of the settlers, and it was

immediately necessary to scour the country for long distances in

search of food. The most important of these raids, and, indeed,
the only successful one, was led by Cortes himself, who landed
on the south side of the Golfo Dulce, and marched about two

leagues inland (when he must have been within about twelve to

fifteen miles of the site of the ruins of Quirigua), and then
turned along the mountain-range to the south of the Rio Polo-

chic, and finally succeeded in reaching Chacujal, which is situ-

ated between two small streams which run into the Polochic.

Ihe inhabitants had all fled, but Cortes was fortunate in finding
a large store of Indian corn, and other food.

Cortes writes of the town as follows :
—"

Marching through
the place we arrived at the great square, where they had
their mosques and houses of worship, and as we saw the

mosques and buildings round them just in the manner and
form of those at Culua

"
(on the coast of Mexico), "we were

more overawed and astonished than we had been hitherto, since

nowhere since we had left Acala had we seen such signs of

policy and power. . . . On the following morning I sent out

several parties of men to explore the village, which was well

designed, the houses well built, and close to each other." I can

find no record whatever of Chacujal subsequent to the date of

Cortes's visit ; but in 1884 I myself visited the ruins of the town,

guided by Cortes's own description of the site. The ruins are

now completely buried in the forest, but there was little difficulty
in tracing the general plan of the town, and making out the

foundations of the principal buildings.
It is easy to understand how Cortes may have been favourably

impressed with the flourishing appearance of the place after his

terrible and tedious journey through the forest, yet it is quite
clear from the ruins that the structures themselves could never

have been of any considerable importance. The walls of the

principal buildings had only been built of stone to half their

height, and the superstructure and roof must have been made of

some perishable material—a great contrast to the thick stone

walls and heavy stone roofs at Palenque, Tikal, Menche, and

Copan. Another point of importance is that the plan and
method of construction of the buildings at Chacujal is similar to

that of the ruins on the hill-tops a little further inland near San

Jeronimo, Rabinal, and Cubulco, some of which I have visited.

These were undoubtedly the strongholds of those Indians of the

Tierra de Guerra to whom no high culture has ever been

attributed, and who were induced by the Padre Las Casas to

leave their fastnesses and settle in the plain of Rabinal in the

year 1537.
It can therefore now be stated without doubt that, although

Cortes and his followers on his march from Mexico to Honduras

passed within a short distance of several of the sites of the most

important ruins in Central America, they heard nothing of their

existence as living cities.

Let us now consider the case of the often-described ruins of

Copan on the northern frontier of Honduras.
The earliest information dates back to the year 1576, when the

ruins were visited by Palacio del Rio, who described them in a

letter written to King Philip II. of Spain. After giving an

account of the sculptured monoliths, he mentions the numerous
mounds which could be ascended by stone stairways, but he says

nothing whatever about houses or temples, which such a careful

observer as Palacio could not have omitted to mention had they
then been in existence. He further states in his letter that it

was impossible to believe that the scanty Indian population of

the districts could have raised such monuments as he found at

Copan, and that his effiarts to elicit information from the leaders

of the Indians dwelling in the neighbourhood only showed that

all knowledge of the people who had raised these monuments
was lost in the mists of tradition.

Enough has now been said to show that the most important ruins

in the whole of this Maya district (outside of Yucatan) were never

known to the Spaniards as the sites of inhabited towns, and it

now remains to say only a few more words about those towns in

which the conquerors actually found the people dwelling. The

descriptions already quoted from early writers, or given from my
own observations of the ruins in the cases of Tayasal and

Chacujal, give some idea of what these towns were like ;
and

the correctness of these descriptions is strengthened by the

results of a careful examination which I have made of the sites
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of the towns of Utatlan and Iximche, the capitals of the Quiches
and Cachiquels, who were the most powerful tribes in Guatemala
when Alvarado conquered the country. Although the remains of
these towns, which were known for certain to have been inhabited
at the time of the Spanish conquest, bear some similarity in plan
and arrangement to the older ruins, there is the great distinction

to be observed that in no instance is there any indication of the
former existence of stone-roofed buildings, that there are only a
few stones which show any trace of ornamental carving, and
that of the roughest description, and that there are no remains
of any carved inscriptions.

It may be as well to say a word of warning against the ex-

aggerated accounts of the magnificence of the Indian towns of
Guatemala at the time of the conquest which have found their

way into the histories of the country by Fuentes, Juarros, and
others, and are still alluded to and sometimes accepted as facts

by modern travellers. To give only one instance. In describing
the palace of the Quiche kings at Utatlan, dimensions are given
for this palace which exceed the whole extent of the land on
which any building is possible, for the site of the town is most

clearly defined, and limited by the great
" barranca

"
or rift, some

hundreds of feet deep, which almost encircles it. It was no doubt
this peculiar situation, that of an almost inaccessible peninsula
in the middle of an undulating plain, which gave the site so

much value in the eyes of the Quiches.
There is, then, a clearly marked difference between the remains

of the towns of which we have some historical knowledge and
the more ancient ruins.

But when one considers the fair state of preservation of some
of the buildings at Palenque and Menche, and the presence of

sound wooden beams in the temples and houses at Tikal, it is

hardly possible to ascribe even to these ruins any very great

antiquity.
From my own observation of the state of the ruins themselves,

and the style of art displayed in the carved ornaments and inscrip-

tions, I should feel inclined to give to Quirigua the earliest date,

Copan the next, then Menche, Palenque, and Tikal, in the order

named.
We must now turn our attention to the province of Yucatan.
The central portion of the peninsula has always been more

or less a terra incognita. The Spaniards never really brought
its inhabitants into complete subjection, and to this day it is

peopled by hostile Indians, and no Spaniard dares to enter it.

If this country contains traces of the old civilization, nothing
definite is known of them. The northern portion of the pen-
insula was brought completely under Spanish control, and is

known to be studded with the remains of groups of ancient

stone buildings.
It was on the north-east coast of Yucatan that the Spaniards

first came into contact with Indians who used stone as a building
material, and there can be but little doubt that some of the many
ruined structures now to be seen were inhabited by the natives

at the time of the conquest.
I am myself inclined to the opinion that the north of

Yucatan was the last stronghold of the more cultivated branch

of the Maya race after that race had either been driven out of,

or under the stress of unknown adverse circumstances had

retrograded in, the country to the south. But it does not

follow that the Indians of Yucatan were at the height of their

power and prosperity when the Spaniards came amongst them.

In fact, their conquerors learnt from them that for some time

previously the country had been troubled with civil wars and

dissensions, and that Mayapan, once the chief town, had been

destroyed and abandoned. It seems quite probable that this

statement may be enlarged on to a considerable extent, and that

we may consider the country to have been in a state of decadence,
and that not one but many of the chief centres of population had
been more or less abandoned. However, the temples and sacred

edifices appear still to have been held in reverence after the

population had moved away, and were visited during festivals,

and may have been kept in some sort of repair by the priests ;

much in the same way as I believe the ruined dagobas and

temples at Pollonarua and Anuradhapura are reverenced and
visited by the people of Ceylon.

This appears to me to have been most probably the case with

regard to the important buildings which still mark the site of

what must have once been the large town of Chichen Itza.

It has, I know, been stated that Chichen was inhabited at the

time of Francisco de Montejo's first abortive effort to conquer
Yucatan, and that the Spaniards were for some considerable

time encamped in the town ; but this statement does not appear
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to me to be supported by any sufficient evidence. Nevertheless,

religious ceremonies had been so recently observed in Chichen
Itza, that, in answer to a despatch from Spain, a committee of
the settlers in the neighbouring town of Valladolid were able to

give some account of them in the year 1579.

My personal experience of the ruins in Yucatan is limited to a

hasty visit to Labna and Uxmal, and a residence of five months
in one of the ruined temples of Chichen Itza. At Chichen my
clearings and surveys extended over an area of nearly a mile

square, and although this appeared to include all the principal
edifices, it was impossible to walk into the bush in any direction

from the edge of this area without coming on the traces of stone

buildings.
The surface of the ground, even in the centre of the town,

although generally level, was in some places composed of cavern-
ous and broken limestone rock, and these portions had apparently
been walled off as unfit for buildings. But, wherever the

ground was suitable, there were numerous traces of slightly
constructed buildings in addition to the more solid structures.

The hieroglyphic inscriptions at Chichen are few in number,
and with one small exception very poorly carved, but there is

enough to show that they did not differ in character from those
in Guatemala and Chiapas. There is, however, one great distinc-

tion between the sculptures in Yucatan and the country to the
south which must not be overlooked. In the latter there is an
almost entire absence of weapons of war, and the figures of
women occupy a prominent position. In Yucatan the change is

complete : there are no women represented in the sculptures,
and every man is a warrior armed with spears and throwing-
stick.

Whether the Maya civilization extended to Yucatan during
the time that it flourished at Copan or Palenque, it is at present

impossible to determine
; but I strongly incline to the opinion

that all the buildings now standing in Yucatan are of a later date.

It may be perhaps allowable to state the case somewhat as

follows :
—

That the civilized portion of the Maya race have at some time

occupied all the country lying between the Isthmus ofTehuantepec
and the western frontiers of Honduras and Salvador (excepting

perhaps a strip of country along the Pacific sea-board) ; that this

people spoke the same or nearly allied languages, which they wrote
or carved in the same script ;

that they were followers of the same
religion, and built stone-roofed temples and houses decorated
with the same class of design and ornament.
That at the time of the Spanish conquest they had entirely

abandoned all their towns and religious centres in the country
to the south of Yucatan, although the good state of preservation
of many of the buildings at the present time precludes the idea

that this desertion of their towns could have ante-dated the
arrival of the Spaniards by very many years. That the people
whom the Spaniards encountered in this part of the country,

although they may have been allied in blood to the Mayas, were

undoubtedly in a lower state of culture, and that an examination
of the sites of their principal towns yields no signs of the

artistic culture which is universally found in the older ruins.

That in Yucatan, where the Spaniards found a dense popula-
tion of Maya Indians, and encountered a fierce and stubborn

resistance, there are still to be seen numerous remains of ancient

buildings, both larger and in better preservation than those in

Guatemala and Chiapas, but built in the same manner, decor-

ated with the same ornaments, and with inscriptions carved in

the same hieroglyphic script. .
That there is evidence, from the

early Spanish writings, that some at least of those buildings
were still occupied at the time of the conquest ; but that both

the observations of the Spaniards themselves, as well as the

reports subsequently gathered by them from the Indians, point
to the conclusion that the country was in a state of decadence,
and that many of the larger centres of population had already
been abandoned, although the more important religious edifices

may still have been reverenced and kept in repair.
The early Spanish writers make frequent allusion to the large

number of books written and preserved by the natives of

Yucatan. These books were written in hieroglyphic charac-

ters in the Maya language, which, it must be remembered, is

still spoken by the whole of the Indian population of Yucatan,
as well as by nearly all the half-breeds and Spaniards.

Unfortunately, every effort was made by the Spanish priests

to destroy this literature, which they looked on as the work of

the devil ; and it is very doubtful whether a single fragment
of hieroglyphic manuscript is now in existence in the whole

peninsula.
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One of the chief of the iconoclasts was Archbishop Diego
de Landa ; but, luckily, his zeal was tempered by a considerable

appreciation of the ingenuity of the Indians, and an interest in

their manners and customs, which induced him to make some
notes on their method of writing and recording events.

It is to this that we owe what is commonly known as
" Landa's

alphabet
"

; but, as this was an attempt to make an alphabet
of a language which in all probability was not written alpha-
betically but syllabically, it was a signal failure, and has proved,
to the few scholars who have attempted to employ it, about as

puzzling as the hieroglyphics themselves. However, it may
ultimately be of some use, and it was accompanied by an ex-

planation of the calendar system, and a list of the signs for the

days and months, with their names, which is of the greatest
value.

Although no Maya books are known to exist in America,
three examples of what are undoubtedly genuine Maya manu-
scripts have turned up in Europe.
No information whatever is forthcoming as to how they got

here, but it is not unlikely that they were sent over as curiosities

at the time of the Spanish conquest, and were afterwards lost

sight of.

They are the " Codex Troano," now preserved in the Archaeo-

logical Museum at Madrid, a chromolithographic copy of which
was published by the Abbe Brasseur de Bourbourg ; the
"Dresden Codex," preserved in the Royal Library at Dresden,
of which a beautiful photolithographic copy has been published
under the direction of Prof. Forsteman

; and the " Codex Pere-

sianus," in the Bibliotheque Nationale at Paris. Another

manuscript at Madrid, which has been called the "Codex
Cortesianus," appears to be only a detached portion of the
" Codex Troano."
An examination which I have made of the two first-mentioned

Codices leaves no doubt on my mind about the similarity of
the written to the carved inscriptions. Many of the glyphs are

identical, and others only vary as much as might be expected by
the change from carving on stone to writing on paper. In
addition to this evidence of the eyes, there is the distinct state-

ment of Cogolludo, the historian of Yucatan, that the Indians
had "

characters by which they could understand one another in

writing, such as those yet seen in great numbers on the ruins of
their buildings."
So that we arrive at the important conclusion that the lan-

guage of the carved inscriptions of Copan, Quirigua, and Palenque
is still a living tongue, although it has doubtless been much
changed in the course of years.

Alfred P. Maudslay.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Cambridge.—Mr. C. E. Ashford, B.A. of Trinity College,
has been appointed Assistant Demonstrator of Physics in the
Cavendish Laboratory.

Dr. William Ewart and Mr. Frederick Treves have been
appointed additional examiners in Medicine and Surgery
respectively.

The Cavendish Professor announces a course of lectures on
Electrolysis and Solution, to be given by Mr. W. C. D.
Whetham on Thursdays and Saturdays during the present term.

Seventeen candidates were approved for the diploma in

Public Health at the extra examination held at the beginning of
the month.

T. CliflFord Allbutt, M.D., F.R.S., the newly appointed
Regius Professor of Physic, has been elected to a Fellowship
at Gonville and Caius College.
The Shuttleworth Scholarship in Botany has been awarded to

I. H. Burkill, B.A., Assistant Curator of the Herbarium.
The memorial in Westminster Abbey to the late Prof. J. C.

Adams, will be placed in the sill of the window on the north

side, nearest to the monument of Newton. A large and very
influential committee has been formed for the purpose of estab-

lishing the memorial.

SCIENTIFIC SERIALS.
American yournal of Science, lAsirch.—Mount St. Elias and

its glaciers, by Israel C. Russell. Account is given of the

country explored by two parties sent to Alaska by the National
Geographic Survey, in connection with the U.S. Geological

NO. II 74, VOL. 45]

Survey, in 1890 and 1891.
—Hudson River "

Fiord," by Dr.
Arthur M. Edwards.—Contributions to mineralogy, No. 52, by
F. A. Genth

; with crystallographic notes by Samuel L. Penfield.

The minerals described are hiibnerite, hessite, bismutite, and
natrolite.—Tschermak's theory of the chlorite group and its

alternative, by F. W. Clarke.—Recent fossils near Boston, by
Warren Upham. Fossil marine shells of the post- Glacial epoch
have been lately discovered near Boston, indicating slight recent

changes in the relative levels of land and sea, and proving con-
siderable changes in the temperature of the sea there.—The
highest old shore line on Mackinac Island, by F. B. Taylor.

—
On the nature of colloid solutions, by C. E. Linebarger. It is

generally believed that solutions of colloid substances, such as

albumen or silicic acid, differ in their nature from solutions of

crystalloid substances. The author's experiments indicate that

colloid solutions are solutions in the ordinary acceptation of the

term, and not "suspensions."
—Observations upon the structural

relations of the Upper Huronian, Lower Huronian, and Base-
ment Complex on the north shore of Lake Huron, by Raphael
Pumpelly and C. R. Van Hise.—A phasemeter, by John
Trowbridge. The phasemeter is an instruaient devised for the

investigation of questions of the phase of alternating electric

currents in transformers and in branch circuits. Two telephone
diaphragms have mirrors fixed upon them. A spot of light
reflected from one of the mirrors is given a horizontal movement
when the diaphragm is vibrating, while the other mirror, when
its diaphragm moves, gives a spot of light a vertical motion.

By the combination of the two motions, figures are obtained
similar to those of Lissajous in the case of tuning-forks ;

and
from these, the difference in phase of the currents which set the

diaphragms in motion can be found.—Preliminary report of

observations at the Deep Well, Wheeling, West Virginia, by
William Hallock.—Mount Bob, Mount Ida, or Snake Hill, by
T. W. Harris.

April.
—On the action of vacuum discharge streamers upon

each other, by Dr. M. I. Pupin. The experiments described
show that two electric current filaments in a rarefied gas may
repel each other in cases where electrodynamic action would

produce an attraction. The repulsion does not appear to be
due to electrostatic action, but rather to "a strain in the vacuum
produced by the peculiar distribution of the gas pressure result-

ing from the peculiar distribution of temperature."
—On a

melilite-bearing rock (Alnoite) from Ste. Anne de Bellevue, near

Montreal, Canada, by Frank D. Adams.—On an azure-blue

pyroxenic rock from the Middle Gila, New Mexico, by George
P. Merrill and R. L. Packard.—On the correlation of moraines
with raised beaches of Lake Erie, by Frank Leverett.—
Magnesium as a source of light, by Frederick J. Rogers. The
results of this investigation are summed up as follow :

—
(i) The

spectrum of burning magnesium approaches much more nearly
that of sunlight than does the spectrum of any other artificial

illuminant. (2) The temperature of the magnesium flame, about

1340° C, lies between that of the Bunsen burner and that of the

air-blast lamp, although the character of its spectrum is such as

would correspond to a temperature of nearly 5000° C. were its

light due to ordinary incandescence. (3) The "radiant

efficiency" is 13J percent., a value higher than that for any
other artificial illuminant, excepting, perhaps, the light of the

electric discharge in vacuo for which Dr. Staub, of Zurich, has
found an efficiency of about 34 per cent. (4) The radiant

energy emitted by burning magnesium is about 4630 calories

per gram of the metal burned, or 75 per cent, of the total heat
of combustion, as compared with 15 per cent, to 20 per cent,

in the case of illuminating gas. (5) The thermal equivalent
of one candle-power-minute of magnesium light is about 2*4
lesser calories, as against 3*5 to 4 'O for other artificial illuminants.

(6) The total efficiency of the magnesium light is about 10

per cent., as compared with 025 per cent, for illuminating gas.

(7) Taking into consideration the greater average luminosity of

the rays of the visible spectrum of the magnesium flame, it is

certain that per unit of energy expended, the light-giving power
of burning magnesium is from fifty to sixty times greater than
that of gas.

—A method for the quantitative separation of barium
from calcium by the action of amyl alcohol on the nitrates by
P. E, Browning.—On plicated cleavage foliation, by T. Nelson
Dale.— Geological age of the Saganaga syenite, by A. R. C.

Selwyn.
—A third occurrence of peridotite in Central New

York, by C. H. Smith.—A fulgurite from Waterville, Maine,
by W. S. Bayley.

—
Mineralogical notes on brookite, octahedrite,

quartz, and ruby, by G. F. Kunz.—Recent polydactyle horses,

by O. C. Marsh.
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SOCIETIES AND ACADEMIES.
London.

Entomological Society, April 13.
—Mr. Henry John Elwes,

Vice-President, in the chair.—Mr. R. McLachlan, F.R. S.,

exhibited specimens of a Caddis-fly remarkable for the abbre-

viated wings of the male, the female having fully developed

wings. He alluded to the Perlidm as including species in which
the males were frequently semi-apterous. Dr. Sharp, F.R.S.,

inquired if Mr. McLachlan was aware of any order of insects,

except the Neuroptera, in which the organs of flight were less

developed in the male than in the female. Mr. C. G Barrett

and Mr. H. J. Elwes cited instances amongst the Bombycidcz in

which the wings of the male were inferior in size and develop-
ment to those of the female.—Dr. Sharp exhibited specimens of

both sexes of an apparently nondescript Phasmid insect allied to

Orobia, obtained by Mr. J. J. Lister in the Seychelles Islands,

\.o^e.x!ritx \ii\.h. PhyIlium gelonus. He also exhibited specimens
of both sexes of an insect remarkable for its great general
resemblance to the PhasmidcE, though without resemblance, so

far as is known, to any particular species. In reference to the

Phyllium, Dr. Sharp called attention to the fact that the simi-

larity of appearance of parts of their organization to portions
of the vegetable kingdom was accompanied by a similarity,

amounting almost to identity, of minute structure. He said

that it had been stated that the colouring-matter is indistinguish-
able from chlorophyll, and that Mr. Lister had informed him
that when in want of food a specimen of the Phyllittm would
eat portions of the foliaceous expansions of its fellows, although
the Phasmidm are phytophagous insects. The resemblance to

vegetable products reached its maximum of develop uent in the

egg ; and M. Henneguy had observed that when sections of

the external envelope of the egg of Phylliu77i are placed under

the microscope no competent botanist would hesitate to pro-
nounce them to belong to the vegetable kingdom.

— Mr.
Barrett exhibited, for Major J. N. Still, a %^t^\xi\tn oi Notodonta

bicolora, which had been captured in a wood near Exeter.

Major Still had stated that* the captor of the specimen was
unaware of the great rarity of the species. Mr. Barrett also

exhibited, for Mr. Sydney Webb, some remarkable varieties

of Argynnis adippe and Ccenonympha pamphilus ; also two

specimens of Apatiira iris, and two of Liinenitis sybilla in

which the white bands were entirely absent.—The Hon. Walter
Rothschild exhibited, and contributed prelimiilary notes on,

some hundreds of Lepidoptera, representative of a collection of

about 5000 specimens recently made by Mr. W. Doherty, in

the south-west of Celebes. Many of the species were new, and
others very rare. Mr. Elwes, Colonel Svvinhoe, and Mr.

S. Stevens commented on the interesting nature of this collec-

tion.—Mr. E. B. Poulton, F.R. S., gave a lecture "On the

Denudation of the Scales in certain Species of Lepidoptera,"
and illustrated it by a large number of photographs shown by
means of the oxy-hydrogen lantern. Mr. G. F. Hampson,
Mr. Elwes, and Mr. Poulton took part in the discussion which
ensued.

Royal Meteorological Society, April 20.—Dr. C. Theo-
dore Williams, President, in the chair.—Reference was made to

the death of Dr. J. W. Tripe, who had held the office of Council

Secretary for the last twenty years, and a resolution of sympathy
with the family was passed by the meeting.

—The following papers
were read :

—Anemometer comparisons, by Mr. W. H. Dines.

This was a report on a valuable series of experiments which
have been carried out at the request of the Council of the

Society, with the view of obtaining a direct comparison of the

various anemometers in common use, so that some opinion

might be formed as to which type of instrument is the most
suitable for general purposes. The Meteorological Council

have defrayed the cost of the work. The anemometers which

were compared were—(i) Kew pattern Robinson ; (2) self-

adjusting helicoid ; (3) air meter ; (4) circular pressure

plate (one foot in diameter) ; and (5) a special modification of

tube anemometer. Most of these instruments are of the

author's own invention, as well as the apparatus for obtaining
automatic and simultaneous records from all the instruments

upon the same sheet of paper. It aj^pears that the factor of the

Kew pattern Robinson is practically constant, and must lie

between 2 "00 and 2 '20. The helicoid anemometer is quite

independent of friction for all excepting light winds, and differ-

ent sizes read alike, but it is not so simple in construction as

the cup form. The air meter consists of a single screw
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blade formed of thin aluminium, and made as nearly as possible
into the exact shape of a portion of a helicoid. A similar

instrument with a larger blade, and with the dial protected from
the weather, would probably form a useful and correct anemo-
meter. It would be light, and off'er a very trifling resist-

ance to the wind. The oscillations of the pressure plate must
have been considerably damped by the action of the float-

ing weight, but as it was, they were sufficiently violent. It

seems probable that the remarkably high values sometimes

given by the Osier pressure plate may be due to the inertia of

the moving parts. The tube anemometer appears to possess
numerous advantages. The head is simple in construction, and
so strong that it is practically indestructible by the most violent

hurricane. The recording apparatus can be placed at any
reasonable distance from the head, and the connecting pipes

may go round several sharp corners without harm. Ttie power
is conveyed from the head without loss by friction, and hence
the instrument may be made sensitive to very low velocities

without impairing its ability to resist the most severe gale.
—The

hurricane over the West Indies, August 18-27, 1891, by Mr. F.

Watts. The author has collected a number of observations on
this violent hurricane, which on August 18 swept from the

Atlantic into the Caribbean Sea, and moved in a north-north-

westerly direction over San Domingo, and thence northward

and eastward. At Martinique the barometer, which at 5.30.p.m.
stood at 29-80 inches, fell to 28*38 inches at 8.15 p.m., during
the passing of the centre of the cyclone.

Chemical Society, March 30.
—Annual General Meeting.

—
Prof. A. Crura Brown, F. R. S., President, in the chair.—The
President delivered an address, in the first part of which he

referred to the favourable position of the Society. In the

remainder of his address he dwelt chiefly on the work which is

being done on the border-lines of chemistry proper, referring
both to that by which an approach is gradually being made
towards understanding the che nistry of Nature's organic

laboratory, and to the solution of chemical problems by the

application of mathematical and physical methods of inquiry.
A vote of thanks to the President was carried by acclamation,—
After the usual reports by the officers of the Society had been

presented, a ballot was taken for the election of officers and

Council for the ensuing year. The following were subsequently
declared elected :

—President: A. Crum Brown, F. R.S. Vice-

Presidents who have filled the office of President : Sir F. Abel,
F.R.S. ;

W. Crookes, F.R.S. ;
E. Frankiand, F.R.S; J. H.

Gilbert, F.R.S; J. H. Gladstone, F.R.S. ; A. W. Hofmann,
F.R.S.; H. Midler, F.R.S.; W. Odling, F.R.S. ; W. H.

Perkin, F.R.S ; Sir L. Playfair, F.R.S. ; Sir H. E. Roscoe,
F.R.S. ; VV. J. Russell, F.R.S. ;

A. W. Williamson, F.R.S.

Vice-Presidents: A. V. llarcourt, F.R.S.; W. N. Hartley,
F.R.S. ; J. Pattinson; W. Ramsay, F.R.S. ; W. A. Til-

den, F.R.S.; R. Warington, F.R.S. Secretaries: H. E.

Armstrong, F.R.S.; J. M. Thomson. Foreign Secretary:
R. Meldola, F.R.S. Treasurer: T. E. Thorpe, F.R.S.

Ordinary members of Council : H. Bassett ; N. Collie : H.

Dixon, F.R.S. ; J. Ferguson ;
R. J. Friswell ; J. Heron ; M.

M. P. Muir; F. J. M. Page; W. H. Perkin, Jun. F.R.S.;
S. U. Pickering; J. A. Voelcker ;

W. P. Wynne.—Correction

of a note on a new acid from camphoric acid, by W. H. Perkin,

Jun. The author desires to express regret that he had over-

looked a previous paper by Damsky, in which an account is

given of the acid recently described by him as new.

Mathematical Society, April 14.
— Prof. Greenhill, F.R.S.,

President, in the chair.—The following six foreign mathema-

ticians were elected Honorary Members of the Society, viz.

Messrs. Poincare, Hertz, Schwarz, Mittag-Leffler, Beltrami,

and Willard Gibbs.—The following short communications were

made:—Second note on a quaternary group of 51,840 linear

substitutions, by Dr. Morrice.—Note on the skew surfaces

applicable upon a given skew surface, by Prof. Cayley, F.R.S.
—Mr A. B. Kempe, F.R.S., made an impromptu communica-

tion on regular graphs.
—Mr. J. J. Walker, F.R.S., Dr. M.J.

M. Hill, Lieut. -Colonel Cunningham, and the President joined
in the discussion on the above communications.

Edinburgh.

Royal Society, April 4.—Sir Arthur Mitchell, Vice-

President, in the chair.— Dr. Thomas Muir read a paper on a

problem of Sylvester's in elimination, and also a note on

Prof. Cayley's proof that a triangle and its reciprocal are in
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perspective.
—Prof. Blackie read a paper on the most recent

phases of Greek literary style. The style of the educated Greek
and the popular style were brought into closer correspondence
than previously at the commencement of the present century,

chiefly through the influence of Coraes. In this paper Prof.

Blackie investigates the result of that amalgamation. Since

1830, the development of the Greek language has been most
marked. The higher classical style has been constantly gaining
ground, so that popular and literary Greek now differs as little

from ancient classical Greek as Scotch does from English ;

while, previous to the time of Coraes, they were as distinct as

present-day English is from the English of Chaucer. The
author gives examples of the deviations of the literary and

popular Greek of various epochs from ancient Greek, which

prove a rapid return to the ancient purity of language. Thus,
while in twelve lines of Romaic Greek eighteen or twenty
deviations from the pure style may be found, in twelve lines of

modern Greek only two or three such deviations appear. In

the first five verses of the second chapter of Luke, nineteen
deviations occur in the Romaic New Testament, while in the
same passage in the English Bible Society's version of 1890 only
four are found. In two pages of a recent number of a Greek

newspaper only two deviations occur.—Dr. Berry Haycraft com-
municated a contribution, by Mr. F. E. Beddard, to the anatomy
of Sutroa

Paris.

Academy of Sciences, April 19.
—M. d'Abbadie in the

chair.—Calculation of the diminution which is experienced by
the mean pressure on a fixed horizontal plane, in the interior of
a heavy liquid filling a basin and agitated by certain wave
motions, by M. J. Boussinesq.

—Note by M. Faye accompanying
the presentation of celestial photographs obtained at Heidelberg
by Dr. Max Wolf, Director of the Observatory. The photo-
graphs commented upon by M. Faye are those recently taken of
a part of Cygnus, and that on which the trail of a new asteroid

was detected ; also a picture showing a shooting-star which
crossed the field of observation during exposure. The photo-
graphs were taken by means of a portrait-lens 2\ inches in

diameter —On the optical measure of high temperatures, by
M. A. Crova.—Researches on the formation of planets and
satellites : memoir by M. E. Roger, presented by M. Jordan.
The author has developed a complex relation connecting the

distances of planets from the sun, and also one connecting
the distances of planets from their satellites.—Observations of

Swift's comet (1892 Match 6), made with the Brunner equa-
torial of Lyons Observatory, by M. G. Le Cadet. Observations
for position were made on April 3, 4, 8, 9, 11, and 15.

—On
differential invariants of a surface with respect to conformable
transformations of space, by M. Arthur Tresse.—On the accuracy
of comparis"ns of a viitre a bouts with a vietre a traits, by M.
Bosscha.—Researches on the secondary wood of Apetales, by
M, C. Houlbert.—On the relations existing between the form
and nature of the beds of andalusite at Ariege, by M. A.
Lacroix. It appears that at Ariege the form of the andalusite
is characteristic in each bed to such an extent that, given a

geological map of the region, it is possible to indicate a priori
where the mineral would be found, and conversely, given a

specimen of andalusite, the geological nature of the bed from
which it was taken could be stated with very little chance of

error. The facts described by M. Lacroix are thus as useful to

the geologist as to the mineralogist.
—On the loess of Turkestan,

by M. Guillaume Capus.

Brussels.

Academy of Sciences, March 5.
—The following com-

municati' ns were read :
—The male of certain Caligides, and a

new species of this family, by M. P. J. Van Beneden. The
author describes (i) the male of /'aJwa'arMj Cranchii ; (2) the

male and female Pandarus affinis, n. sp. ; (3) a new species,

Chlatnys ineisus ; and (4) the male of Dinetnatoura elongata.
—

Theoretical determination of the radius of the sphere of mole-
cular activity of liquids in general, by M. P. De Heen. The
conclusion is arrived at that the radius of the sphere of activity
is proportional to the product of surface tension into molecular
volume.—On the curve in conic sections, by M. CI. Servais.—
Researches on the physiology of respiratory centres, by Dr.
Alfred Bienfait. The author adduces evidence to show that
a single respiratory centre, isolated by two transverse sections
from the accessory respiratory centres, controls the movements
of the glottis.

—On a new ptomaine obtained by the culture of
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Bacterium Allii, by Dr. A. B. Griffiths. In a former paper
Dr. Griffiths described and named Bacterium Allii—a micro-

organism found by him. This Bacteria produces a green pig-

ment, soluble in alcohol, and possessing a particular absorption

spectrum. In the presence of albuminoids, Bacterium Allii

gives rise to a crystallizable ptomaine, which furnishes a .

chloroplafinate, having the formula, according to analyses, j

(CjoHiyNHCOPtjCU. The analysis of the base gave the \

formula CjoHj^N, which corresponds to that of chloro-

platinate.
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